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PREFACE
This revision looks at laboratory safety as a sum total of the work which goes on in the laboratory.
While most of the manual is still geared toward safe use and proper disposal of hazardous chemicals,
we have incorporated equipment safety sections which discuss proper usage of hazardous chemicals
in laboratory equipment. We have also tried to make it a little more readable and to provide some
background information "up front" instead of tucked away in appendices in the back of the book.
For example, when talking about the OSHA Laboratory Standard, many people are under the
impression that it was written to "close the gap" and bring laboratories in line with the rest of US
industry. In fact, the opposite is the case. Research laboratories were covered under the earlier
standards, but researchers complained that the small quantity of chemicals used combined with the
type of procedures used in research were not amenable to industrial standards. Taking that into
consideration, the Federal Government developed the OSHA Laboratory Standard aimed specifically
at research labs. When you understand that these rules are accepted peer standards, you might be in a
better frame of mind to implement them.
So, why are there regulations anyway? In prehistoric civilizations, knowledge was passed down by
word of mouth. If you missed out on a day of listening (e.g., cut the class), you may have missed a
lifesaving piece of information or one that you personally would need to relearn. Literate
civilizations rely on the printed word to pass down information. In this manner, you get the
knowledge not of just one wise person, but many centuries worth of accumulated knowledge. Health
and safety regulations provide a level of acceptable practice to insure neither workers nor the
environment is placed at unnecessary risk. To do this, some regulations set limits, some mandate
certain tasks, some suggest methods, but all are focused on health and safety.
Remember, when discussing safety, most experts agree on one thing: most accidents are preventable
(actually safety experts contend that all accidents are preventable). If the person had only understood
the material and potential reactions they were working with, the accident could have been prevented
(or certainly reduced in magnitude).
It is our hope that this Laboratory Safety Guide will provide that bit of basic knowledge. It should be
invaluable to the laboratory worker with less than 6 - 8 years experience. It should provide useful
information to all workers about the Chemical Safety Program at the University. It can be a stepping
stone for the advanced worker, providing the basics and enabling him / her to ask the right questions
to understand the actual hazards.
However, we know that some of this information may not be too useful. For that reason we would
appreciate any comments you can give us regarding what should or should not be in the book, where
there are errors, how to write paragraphs better, etc. We intend continually upgrading this document
on an annual or biannual basis. If you have any comments, corrections, etc., please write them down
and FAX them to Chemical and Radiation Protection, (608) 262-6767, or send us an eMail
(radpro@fpm.wisc.edu).
Because familiarity may lead to disregard, we recommend that all workers have a copy of this guide
and they should review the information periodically (e.g., every two to three years) to keep abreast
of changing requirements and to refresh their memory of proper safety procedures.
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Chapter 1
Your Safety Network
You are the person most responsible for safety in your work group. Each person who works with
hazardous chemicals, infectious agents, radioactive materials, etc., is responsible for insuring that
work is conducted in a safe manner and that effluents are controlled to protect the public and the
environment. University policy states that "the physical well-being of every student, visitor, staff
member and employee be a primary consideration in every campus activity." Thus, you need to
identify and correct safety issues, and follow established safety guidelines. To help with these tasks,
the University has a variety of safety resources and safety professionals who can conduct training,
offer advice, provide information, explain regulations and lend a hand. This chapter gives you an
overview of how safety functions at the University of Wisconsin-Madison (UW).
1.1 Notify Others of Safety Problems
If you identify a hazard or safety problem, don't keep the information to yourself, let others know.
Notification procedures will vary depending on whether the problem is an emergency, a routine
safety problem or a request to make safety improvements to facilities.
1.1.a Dial 911 in an Emergency
Call 911 (UW Police) immediately in the event of a fire, serious injury, explosion, or a major spill,
leak or release of hazardous materials. UW Police can arrange for emergency medical conveyance or
help transport an injured person to a medical facility. Immediately report all spills, leaks or releases
to UW Police or the Safety Department. Safety will assess the event and determine if and what
reporting is required by regulation and if other related action is appropriate.
1.1.b Report Accidents, Injuries and Safety Problems
When an accident, injury or spill of hazardous material occurs in the lab, immediately notify others
of the event. This helps insure proper emergency response action for the victim and helps prevent the
spreading of contamination outside the lab. To help prevent a similar incident or accident from
occurring again, notify your supervisor / lab director of any job-related injuries, complete an
Occupation Accident or Illness Report Form and submit it to your departmental office. Depending
upon the type of accident, these reports may be investigated by the Safety Department. If you know
of a hazard or safety problem, the Safety Department can investigate. The UW has many individuals
who are experienced in hazard evaluation. Some of the people who can help resolve safety issues
are.


Your supervisor, laboratory director or principal investigator is the first person you should
talk to in order to resolve laboratory safety issues.



If the hazard presents an imminent risk to your coworkers, tell them of your concerns. If
appropriate, post a sign to inform others of the potential hazard.



For problems concerning laboratories (e.g., chemical hazards, leaking containers, etc.), tell
your designated Chemical Hygiene Officer of any chemical hazards.



Your Building Manager is active in solving safety problems and making physical changes to
improve safety. Each University building has a Building Manager; know your Building
Manager. Some departments and schools also have a designated Safety Officer.



For safety issues that affect an entire department or building, be sure to keep your Dean,
Director and Department Chair informed.



The UW Safety Department is the home of many campus safety professionals to help you.



University Police coordinate communications and responses to campus emergencies (e.g.,
911).
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1.1.c Consider a Health and Safety Improvement Project
The State of Wisconsin has funds to improve the health and safety of University workplaces.
If you identify an important and needed safety improvement, the Safety Department and the
Planning Department's Project Administration Center (PAC), both part of UW Facilities
Planning and Management, will work with you to prepare a request for a project to improve
health and safety. Contact the Safety Department for further information.
1.2 Your Network of Safety Services
The following table summarizes the safety services provided to faculty, staff and students of
the University of Wisconsin - Madison campus.

UW Safety Activity
Safety Department (front office)
30 North Murray Street
Phone: (608) 262-8769
FAX: (608) 262-6767
safety.department@fpm.wisc.edu
http://www.fpm.wisc.edu/safety

Area of Safety Expertise/Service





Biological Safety Office Safety
Department
30 North Murray Street
Phone: (608) 263-2037
FAX: (608)262-8700
biosafety@fpm.wisc.edu
http://www.fpm.wisc.eduThiosafety








Communication / message center for various
Safety Depart¬ment offices and programs
Distribution of forms, posters, warning labels
and written materials
Measurement and fitting of prescription
safety glasses
Laboratory waste pick up / removal (call to
schedule)

Biocontainment and proper applications of
biosafety cabinets
Biohazard accidents or spills (advice,
coordination of response)
Biohazard and infectious agent safety
(advice, identification of known or potential
biohazard)
Infectious waste disposal (advice)
rDNA regulations/genetic engineering
(guidance and oversight)
Infectious substances and other biohazard
materials shipping training

Written Guidelines:
 Biohazard Recognition and Control:
Guidelines for Handling Pathogenic
Microorganisms and Disposing
Biohazardous Waste

Lifesaving Station Lake Mendota
Safety Department
30 North Murray Street
(608) 262-5865 (summer)
(608) 262-8769 (winter)
http://www.fpm.wisc.edu/uwrescue

Summer:
Boating patrol and rescue service for Lake Mendota
Lifeguard service for campus beaches
Weather and lake condition information and advice
Storm warnings for boaters
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General Safety
Safety Department
30 North Murray Street
Phone: (608) 262-8769
FAX: (608)262-6767
http://www.fpm.wisc.edu/safety/gsp/

Occupational Health
Safety Department
30 North Murray Street
Phone: (608) 263-2177
FAX: (608) 262-9059
tkenney@fpm.wisc.edu
http://www.fpm.wisc.edu/occhealth/

Accident investigation
 Asbestos abatement projects (identification,
management)
 Back injury prevention (consultation,
training videos)
 Building/facility safety (inspections and
improvements for code compliance)
 Confined space entry (advice, compliance)
 Evacuation drills/fire alarm testing
 Facility design and modification review
 Falls, slips and trips (investigation, hazard
abatement)
 Fire extinguishers (maintenance and training)
 Fire prevention (inspections and
improvements for code compliance)
 Fume hood testing and evaluation
 Indoor air quality and ventilation
(investigation, monitoring)
 Industrial hygiene (consultation, monitoring)
 Lead investigations and abatement projects
(identification and management)
 Lockout / tagout of hazardous equipment
(advice)
 Noise evaluation surveys, hearing
conservation
 Occupational safety
 Respirators (consultation, fit-testing and
training)
 Safety showers and eyewash stations
(testing, evaluation)
 Sharps and hazardous glass disposal (advice,
training)
Written Guidelines:
 UW Hazard Communication (HAZCOM)
Program
 Safe Practices and Procedures for University
Laboratories
 8 Points for Safe Fume Hood Use (UWS
brochure)

 Health surveillance of animal care personnel
 Bloodborne pathogen (prevention, exposure
investigation, consultation on obtaining
medical care consultation, OSHA
compliance)
 Chemical exposures (exposure investigation,
consultation on obtaining medical care
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consultation)
 Ergonomics (evaluation, consultations, and
participatory team interventions)
 Occupational related physicals
 Medical fitness to wear respirators
Written Guidelines:
 Recommendations for the Safe Handling of
Human Blood in the Laboratory
 Human Blood Spill Cleanup Procedure
 Bloodborne Pathogens Reference and on-line
Training Manual
(http://www.fpm.wisc.edu/bbp)
Chemical and Radiation Protection
Safety Department
30 North Murray Street
Phone: (608) 262-8769
FAX: (608) 262-6767
http://www.fpm.wisc.edu/safety
Hot Line: 265-5518
e-mail Radiation:
radpro@fpm.wisc.edu























Air emissions (chemical releases; permits
and compliance)
Animal tissue and carcass disposal
Chemical / radiation emergencies (planning,
coordination and response)
Chemical Hygiene Plans (preparation
assistance, review)
Chemical safety (advice, personal protective
equipment and engineering controls
consultation)
Chemical safety training
Chemical spills (cleanup advice,
coordination of response)
Chemical waste disposal (On-Sight
Hazardous Material Management [OSHMM]
of surplus chemicals and wastes)
Dosimetry (approval, history)
Environmental compliance, reports and
permits
Environmental protection (EPA/DNR
contact)
Environmental releases and leaks
(notification, response, management of
remediation projects)
Hazard communication/right-to-know
(training and compli¬ance for hazardous
material users)
Hazardous materials management (on-site )
Hazardous waste disposal
Laboratory safety audits (OSHA Lab
Standard, radioactive material, HAZCOM
Standard, etc.)
Laser and X-ray safety
Material Safety Data Sheets (copies upon
request)
PCBs management / disposal
Personnel dosimetry and bioassays
Pesticide application notification
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Pollution prevention and waste minimization
Pregnancy Surveillance Program
Radioactive material purchase, delivery and
inventory
 Radioactive waste disposal
 Radiation facility design and modification
review
 Redistribution of surplus chemicals
 Review radioactive material use protocols
 Sewer use (disposal of chemicals to the
sanitary sewer)
 Storm Water Management
 Survey meter calibration
 Training (radiation, chemical, laser, etc.)
 Transportation of hazardous materials
(compliance training, consultation,
packaging / shipping)
Written Guidelines:
 Laboratory Safety Guide
 Chemical Safety for Faculty / Staff Who
Work in Labs
 Lab Safety Spectrum (newsletter)
 Radiation Safety for Radiation Workers
Environmental Health Program
University Health Services
1552 University Avenue
Phone: (608) 262-1809
http://www.uhs.wisc.edu/ehp.html

UW Hospital Safety Office
H4/860 CSC
Phone: (608) 263-1512
Risk Management and Property
Control
722 University Avenue
Phone: (608) 262-0375
FAX: (608) 262-9082
http://www.bussvc.wisc.edu/risk_mgt








Biological safety cabinet certification
Facility design and modification review
Food service inspections
Public health (testing, investigation, advice)
Sanitation
Ventilation system design, engineering and
modification (review and consultation)

Clinical Science Center Safety Issues
Written Guidelines:
 Supervisor's Guide to Safety






Coordination of UW loss control programs
Insurance (information on University
coverage, claims processing)
Property insurance claims
Surveys/inspections for loss prevention
(arranging for outside consulting services)

1.3 UW Safety Committees
The University of Wisconsin-Madison has several campus-wide safety committees with
members appointed by the Chancellor to formulate campus safety policies and procedures
and oversee campus safety activities. Additionally, departments and research groups (e.g.,
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McArdle Labs, Medical School Animal Care Unit, etc.) have their own internal safety
committees. These local committees assist in the promulgation of information to their
respective faculty and staff. The Safety Department often assists and advises these
committees in cooperation with the various university safety committees. The following
listing consists of some of the University safety committees that the Safety Department
works with to address laboratory safety and regulatory compliance issues.
1.3.a Chemical Safety Committee
The University Chemical Safety Committee establishes policies and procedures for the safe
acquisition, use, storage and disposal of chemicals on campus. The Committee provides
guidance to the Safety Department in carrying out these policies and procedures. The
Committee advises the Safety Department and campus chemical users on programs to
comply with federal, state and local chemical and environmental safety laws. For more
information or meeting dates, to be added to the mailing list for minutes, or to propose an
agenda item for a Committee meeting, contact the Committee's staff liaison, the Associate
Director for Chemical and Radiation Protection, Safety Department.
1.3.b General Safety Committee
The University General Safety Committee is comprised of the Chairs of the other universitywide safety committees. The Committee addresses important and broad safety issues and
policies that significantly affect the campus. The Committee may address coordination of
safety programs between various campus safety offices and committees, as well as safety
concerns raised by UW System and the State Office of Risk Management. For more
information or meeting plans, or to forward a safety issue for the Committee's consideration,
contact the Safety Director, Safety Department.
1.3.c Institutional Biosafety Committee
The University Institutional Biosafety Committee (IBC) reviews and approves of research
protocols involving biological materials to ensure that investigators adequately address
safety issues and regulatory compliance. The IBC also oversees proposals involving aspects
of rDNA (recombinant DNA) technology. For more information or meeting dates, or to
submit a proposal for Committee approval, contact the University Biological Safety Officer,
Safety Department.
1.3.d Occupational Health Committee
The University Occupational Health Committee has focused on the health surveillance needs
of workers who care for laboratory animals, the implementation of the U.S. Occupational
Safety and Health Administration's (OSHA) standard for Occupational Exposure to
Bloodborne Pathogens and medical fitness to wear a respirator. The committee may make
recommendations or set policies for healthy work practices. For more information or meeting
dates, contact the University's Occupational Health Officer.
1.3.e Radiation Safety Committee
The University Radiation Safety Committee (URSC) is a faculty committee appointed
annually by the Chancellor to advise the University administration, set policy to ensure
compliance with local, state and federal regulations, approve requests from faculty and staff
to use radioactive materials and evaluate protocols for radionuclide use. The Reactor Safety
Committee (RSC) is a committee appointed by the Reactor Director to review reactor
operations. For more information or meeting dates, contact the Associate Director for
Chemical and Radiation Protection, Safety Department.
1.3.f Research Animal Resources Center
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The Research Animal Resources Center (RARC) is an administrative unit of the Graduate
School with four primary functions: (1) provide veterinary and laboratory services in support
of quality animal care; (2) provide the support and training necessary to provide the highest
quality care possible for the University's research animals; (3) provide oversight and
assistance in assuring compliance to all laws, regulations, and rules governing the care and
use of laboratory animals; and (4) conduct direct or collaborative research and/or
consultation on animal models for biomedical research. For more information, contact the
Director of the Research Animal Resources Center.
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Chapter 2
Understanding Chemical Hazards

Many chemicals
present multiple
physical and/or
health hazards.

OSHA defines a
hazardous chemical
as any chemical that
is a health hazard or
a physical hazard.

Before beginning an
operation, ask,
"What would
happen if ...?"

Potentially hazardous chemicals can be found everywhere. There are an estimated
575,000 existing chemical products, hundreds of new ones are introduced annually.
Almost 32,000,000 workers are potentially exposed to one or more hazardous
substance in the workplace. Many of these materials have properties that make them
hazardous; they can create physical (fire, explosion) and/or health (toxicity, chemical
burns) hazards. Depending upon magnitude, chemical exposure may cause or
contribute to serious health effects including cancer, heart disease, burns, rashes,
kidney and lung damage. There are many ways to work with chemicals which can
both reduce the probability of an accident to a negligible level and reduce the consequences of minimum levels should an accident occur. The fact that these same
chemicals are available at your local hardware store does not mean they are without
hazard. Risk minimization depends on safe practices, appropriate engineering
controls for chemical containment, the proper use of personnel protective equipment,
the use of the least quantity of material necessary, and substitution of a less hazardous chemical for the more hazardous one.
To be classified as hazardous, a substance must be capable of producing adverse
effects on humans or the environment. Before using any chemical, even if it is
something that you have worked with at home or elsewhere, it is important to understand what the potential exposure hazards may be and how to use the chemical safely.
In order to assess the hazards of a particular chemical, both the physical and health
hazards of the chemical must be considered. Generally, more accurate information is
available about a chemical's physical hazards than about its health hazards.
This chapter will help you identify chemical hazards and understand the Material
Safety Data Sheets that accompany all purchased chemicals. Later chapters will
describe appropriate control measures to work safely and reduce the hazards of
laboratory chemicals.
2.1 Physical Hazards of Chemicals
The physical hazards of a chemical are those hazards inherent to a chemical's physical characteristics. Types of chemical physical hazards are:
-flammable
-combustible
-compressed gas

Flammable chemicals are classified
according to flash
point, boiling
point and ignition
temperature.

-explosive
-organic peroxide
-oxidizer

-pyrophoric
-unstable
-water reactive

2.1.a Flammable or Combustible Chemicals
Flammability is the tendency of a chemical to burn. Flammable and combustible
chemicals are those chemicals that evaporate rapidly and generate enough vapor to
ignite in the presence of an ignition source (i.e., catches fire easily and burns readily).
Flammable substances can be solid, liquid, or gaseous, but the most common type
encountered in a laboratory setting is a flammable liquid or the vapor produced from
such a liquid. Flammable chemicals are classified according to their flash point,
boiling point and ignition temperature.
 Flash point (FP) is the lowest temperature at which a flammable liquid gives off
sufficient vapor to ignite.
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Different
agencies use
different
temperatures to
define flammable
liquids:



DOT ≤60.5 °C
≤(141 °F)
EPA < 60 °C
<(140 "F)

Boiling point (BP) is the temperature at which the vapor pressure of a
liquid is equal to the atmospheric pressure under which the liquid
vaporizes. Flammable liquids with low boiling points generally present
special fire hazards.
Ignition (or auto-ignition) temperature is the lowest temperature at
which a chemical will ignite and bum independently of its heat source.
The lower the ignition temperature, the greater the fire potential. When
the flammable vapor reaches its auto-ignition temperature, a spark is not
needed for ignition.

(ignitable)

NFPA ≤ 37.8 "C
≤(100°F)

Additionally, flammable and combustible chemicals are those that can react with
oxidizers to cause a fire or explosion (i.e., a compound may burn so rapidly that it
produces an explosion). Combustible materials will generate sufficient vapors at or
above 38 °C (100 °F). Flammable chemicals will generate sufficient vapors at
temperatures below 38 °C (100 °F). The table illustrates flammable and
combustible class characteristics.
Flammable
I-A

Combustible

I-B

I-C

< 23 °C (73 °F)

< 23 °C (73 °F)

≥ 23°C (73 °F)
< 38 °C (100°F)

<38 °C (100 °F)

≥ 38 °C (100 °F)

---

Flash Point

II

Ill

≥38°C <60°C
(100°F)
(140°F)
---

≥60°C(140°F)
<93°C (200°F)
---

Boiling Point

Flammables are
more hazardous
at high
temperatures
because they
vaporize faster.

Check the
flash point of
each organic
solvent you
use.

If appropriate, the Material Safety Data Sheet (see 2.3.b) may include a chemical's
ignition temperature. Commercially produced chemicals are usually labeled as to
flammability and flash point.
Flammable and combustible chemicals are also characterized by their explosive
limits. The lower explosive limit (LEL) or lower flammable limit is the lowest vapor
concentration of the substance that will produce a flash of fire (i.e., blast) when an
ignition source is present. The upper explosive limit (UEL) or upper flammable
limit is the highest vapor concentration of the substance that will produce a flash
of fire when an ignition source is present. A substance's flammable range consists
of all concentrations between the LEL and the UEL. The range may be dependent
upon temperature and oxygen concentration. At higher concentrations than the
UEL, the mixture is too rich to bum and at concentrations lower than the LEL, the
mixture is too lean to burn. Note that, for flammable chemicals that are also toxic,
concentrations at which the flammability is a hazard are usually well above the
toxicity hazard concentrations.
The flammable liquids of most concern in laboratories are those that have flash
points below room temperature, about 27 °C (80.6 °F). Flash points and flammability
classifications of a few common laboratory liquids are:
1

Substance
Acetaldehyde
Acetone
Benzene
Carbon disulfide

°C
- 39
-18
-11
- 29

°F
- 38
0
12
-20

Class
I-A
I-B
I-B
I-B

Substance
Gasoline
Glacial acetic acid
Heptane
Hexane

°C
- 46
40
-4
-18

°F
- 50
104
25
0

Class
I-A
II
I-B
1-B
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Cyclohexane
Cyclohexanol
Ethanol
Ethyl acetate
Ethyl chloride
Ethyl ether

-17
68
13
-4
- 50
- 45

1
154
55
24
- 58
- 49

I-B
III
I-B
1-B
I-A
I-A

Methanol
Pentane
Petroleum ether
Styrene monomer
Toluene
Xylene

12
- 40
- 40
32
4
29

54
- 40
- 40
90
40
84

I-B
1-A
1-A
1-C
I-B
1-C

Thus, xylene, with a flash point of 29 °C, or just above room temperature, is often
used as a less toxic and safer substitute for benzene, with a flash point of -.11 °C.
Organic solvents are one of the most hazardous chemicals in the lab. Solvents such
as ether, alcohols and toluene, are highly volatile or flammable. Chlorinated
solvents such as chloroform are nonflammable, but when exposed to heat or flame,
any produce carbon monoxide, chlorine, phosgene, or other highly toxic gases.
Always use volatile and flammable solvents in an area with good ventilation or in
a fume hood. Never use ether or other highly flammable solvents in a room with
open flames or other ignition sources present.
Remember, chemical flames of hydrogen and methanol are invisible, the vapors of
flammable chemicals are invisible and a vapor trail to an ignition source can result
in a flashback. However, for a fire to occur three conditions must occur
simultaneously and in close proximity:
 an oxidizing atmosphere (e.g., air)
 a concentration of a flammable gas or vapor
 an ignition source.
The key to reducing fire risk is to control one or more of these three factors.
Control the ignition source first, vapor production second, and oxygen third.
An oxidizer is a
chemical that initiates or promotes
combustion in
other materials,
thereby causing fire
either of itself or
through the release
of oxygen or other
gases.

An oxidizer is a
substance such as
chlorate, permanganate, inorganic
peroxide, or a nitrate,
that yields oxygen
readily to stimulate
the combustion of
organic matter (49
CFR 173.151).

2.1.b Oxidizers
Oxidation is related to electron levels. An oxidizer is an electronegative element or
compound of electronegative elements and certain high valence state elements that
can accept the transfer of electrons from another chemical into electron orbitals that
are lower in potential energy than the donating orbitals of the chemical being
oxidized, called the reducer, an electropositive element or compound of certain low
valence state elements. The electrons are either transferred from one species to the
other, are shared between the two species in a bond, or an electron deficient species
(atom) is transferred from oxidizer to reducer. The difference in potential energy that
the electrons experience is balanced by a difference in kinetic or heat energy (i.e.,
conservation of energy) experienced by the products. If the energy produced is
retained in the products of the reaction, a temperature increase of a few hundred
degrees could cause damage to the surroundings as it is transferred out. For example,
gasoline reacting with oxygen in air can produce a 2000 °C increase in temperature
which in the right circumstances produces a pressure increase that can be put to
useful work and in the wrong circumstances can produce a fire or explosion.
Simplistically, oxidizers are chemicals which react with other substances, fuels or
reducing agents, leaving them fewer electrons with which to maintain their atoms'
required electron octets. More electron sharing by additional bond formation internally or with oxide from the oxidizer must then occur. The reaction may result in
fire or explosion depending upon the nature of the fuel. Most oxidizers supply oxygen to
common fires, but oxygen is not the only oxidizer supplied, fluorine and chlorine
from oxidizers based on these electronegative elements will do as well. Chlorine
based bleaches spilled on paper or wood may combust also. Some common oxidizers
are:
-fluorine
-chlorine
-chlorite
-bromate
-ozone
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-permanganate
Reactive substances
undergo chemical
change with the
release of large
amounts of energy.

Reactive chemicals
are sensitive to
either friction or
shock or they react
in the presence of
air, water, light or
heat.

A water-reactive is a
chemical that reacts
with water to release
a gas that either is
flammable or
presents a health
hazard.

-nitric acid

-chromic acid

-hydrogen peroxide

2.1.c Reactive Chemicals
Any chemical, with the exception of helium and neon, can react with something (e.g.,
fluorine or platinum hexafluoride). Chemicals that readily react with ordinary
unreactive chemicals such as air, water, cellulose, protein and steel, especially if the
reaction is vigorous, are called reactive. We also need to distinguish between
reactivity and stability. In the above reactive examples, fluorine is stable by itself but
platinum hexafluoride is not; it decomposes to its tetrafluoride and fluorine.
Oxidation is a form of reaction. Some chemicals, called self-reactive, even
undergo change without any chemical input. Self reactivity can have three forms of
change; fragmentation, polymerization and rearrangement of bonding, either inter- or
intra- molecularly. Kinetically this could be gradually or suddenly, thermally it can
be with varying amount of energy. The sudden and energetic ones need to be
known if you are to work safely with them. Sensitivity to a stimulus such as heat,
light, percussion, friction or chemical contact (usually acid) is the issue with those
that rapidly produce energy. The reaction rate will increase with higher
temperature, pressure or concentration.
Examining molecular structures, unobstructed double or triple bonds and strained
rings can indicate potential polymerizability. An easy, logical electronic rearrangement to produce something simple and stable like nitrogen, oxygen or carbon
dioxide, leaving the rest of the molecule stable, may indicate fragmentability. The
presence of oxidizing functionality with electron rich functional groups that are
easily rearranged to neutralize each other, can be a warning in an unfamiliar
compound. The "bottom line" question: Is there a higher heat of formation arrangement of the atoms in a molecule and is there an easy way for them to get there?
Because reactive chemicals have a propensity to undergo vigorous, sometimes
spontaneous, reactions and, under certain conditions, may spontaneously generate
large quantities of heat, light, gases or toxic chemicals, work with reactive chemicals
such as explosives, acid sensitives, oxidizers, reducers, water sensitives, and
pyrophorics should be done only after understanding the possible reactions and
potential energy release per mole.
Water-reactive Chemicals
Water-reactive chemicals react violently with water, water vapor or moist air to
produce heat and flammable hydrogen gas which can ignite. Alternately, the
reaction can produce a toxic gas or other hazardous condition. It makes a big
difference whether the moisture enters slowly, if water is thrown on the substance
or if the substance is thrown into water. Usually water splashed or poured onto the
material is the greatest hazard since fire or explosion may result from the reaction.
Examples of water-reactives include: alkali metals (e.g., lithium, sodium and
potassium and their hydrides), calcium oxide, sulfur trioxide, silicon tetrachloride,
anhydrous aluminum chloride, phosphorus pentaoxide, trifluoromethanesulfonic
anhydride, and chlorosufonic acid.
In a world of where water can be a solid, liquid, or vapor (i.e., air humidity),
chemical water reactivity is an important safety consideration. When water
reacts with some chemicals, unfortunate results are possible. These can range
from:
-spontaneous ignition
-pressure building in a container
-violent heat production
-oxidation or reduction by water reaction
-toxic gas release
-chemical effectiveness lost by hydrolysis or
hydration
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There are eight basic physical and / or chemical reactions that water can initiate:
1. Reduce ionic charge density by either protonation of a small anion,
including hydrogen bonding with hydroxide from a strong base, or
becoming a ligand on a positive ion, including being protonated by a
strong acid.
2. Coordination expansion of an atom by adding across a double bond (e.g.,
sulfur trioxide hydration to sulfuric acid).
3. Replacing a weaker ligand, such as hydrolysis of an acid chloride.
4. Oxidation of a metal or a lower valence state transition metal compound,
producing hydrogen gas in the process.
5. Reduction of a strongly oxidizing compound (e.g., cobalt(III) fluoride),
producing oxygen gas.
6. Hydration of a non-ionic compound by hydrogen bonding or hydration
cage structure.
7. Deliquescence, that is, hydration to the point of forming an aqueous
solution of the chemical from airborne humidity.
8. Solution in water, by ionic dissociation or hydrogen bonding.
The first five can be rather energetic and fast reactions, while the latter three are
less exothermic and may even be endothermic, being entropically driven. With the
energetic reactions, adding the compound to water can be safer than adding limited
water to the compound, simply because when you add it to water, the surrounding
water will absorb the heat produced.
The water need not be liquid for the reaction. Water in air (i.e., humidity) can enter
into a poorly closed container and react as well. Here the reaction is controlled by
the diffusion rate of the air. Examples of unwanted reaction by air include:






A pyrophoric is a
chemical that will
ignite spontaneously
in air at a
temperature of
130°F (54.4 °C) or
below.

Calcium phosphide reacts slowly with humidity to produce phosphine and
calcium hydroxide.
Calcium carbide reacts to produce acetylene with enough heat to ignite the
acety¬lene in air.
Reaction with a non-alkaline metal halide or non-metal halide to produce
hydro¬gen halide gas that, in the case of a small leak, diffuses out slower
than the lighter air and water molecules can diffuse in so pressure builds
up in the container.
The infamous reaction of aluminum and arsenic oxide (e.g., a ladder
placed in a pit containing arsenic) which builds deadly arsine gas in a
confined space, will not occur without a proton donor, which can be water
from humid air.

Pyrophoric Chemicals
Chemicals that ignite on exposure to air at temperatures of 54 °C (130 °F) or lower
temperature are considered to be pyrophoric. Such chemicals can be gases, solid or
liquid, volatile or non-volatile. What occurs is that oxygen, in its ordinary form,
reacts with the chemical in the gas phase or on the surface in a way that leads to
sustained combustion for as long as oxygen is present. This requires that the reaction
is rapid enough and delivers enough energy to propagate a flame in the gas phase or
release underlying atoms / molecules in condensed phase for the air to contact.
Pyrophoric chemicals can be elements or compounds. Some examples are boranes,
triethylaluminum, and white or yellow phosphorus. Many metallic powders are
pyrophoric. The degree of reactivity is primarily related to particle size. Solids are
more susceptible if finely divided or somewhat volatile. Three distinct initiating
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events are possible:
 Oxygen binds to a metal atom, whether a lower valence transition metal
compound (titanium(II) chloride), a covalent metal alkyl or hydride
(triethylaluminum) or a transition metal finely divided.
 Oxygen binds to an unshared electron pair on an alkyl or hydro derivative
of phosphorus, arsenic or antimony and
 Water in air combines with an alkaline metal ion that is in combination
with hydride or alkylide (butyllithium), generating heat from creating a
metal - oxide bond and protonation of the hydride or alkyl, which ignites
the hydrogen or alkane in air.
Otherwise, an active metal binds water producing the metal oxide or hydroxide
and hydrogen, which then ignites in the heat produced. Many active metals
will react directly with oxygen and oxidize completely without igniting. Some
pyrophoric reactions include:
 Some lower valence transition metal oxides and catalyst metal powders
(palladium) can combine with oxygen in air producing a plume of hot
nitrogen, but no other species that would glow to make the combustion
visible, (i.e., a flame).
 White phosphorus, which will spontaneously ignite if warm, finely
divided or damp in air will otherwise glow on air exposure from a slow
reaction with oxygen that releases an intermediate's energy as
phosphorescence.
 Unsaturated oils like linseed oil and hydrazine derivatives, methyl
hydrazine, will react with oxygen if absorbed on cloth that allows
enough air movement to supply oxygen but not so rapid as to carry
away the heat of reaction, producing delayed spontaneous combustion.
 Phosphine at low concentrations in air will also glow (i.e., marsh gas).
 Hydrosulfite (dithionite) salts, if damp, but not dissolved in water will
ignite due to the low level presence of sulfur dioxide radical anion
from sulfur to sulfur bond disassociation.

Oxygen-oxygen
bonds are inherently
unstable.

Sunlight can accelerate
the formation of
peroxides.

Peroxide-forming Chemicals
There are many compounds that have "peroxide" in their name, some are
hazardous and some are relatively safe at ambient pressure and temperature.
Some chemicals become peroxides when exposed to air while in storage and in
use. Commercially available reagent peroxides are prepared and contained so
they can be used safely.
It is the organic peroxides that form unintentionally that are of great concern
because of their unpredictability, explosivity, and often grave consequences.
Peroxides form primarily in liquids but can also form in solids and even bottled
gases that are liquefied under pressure.
Explosion Hazard. The molecular arrangement of an oxygen to oxygen bond is
common to all peroxides. Upon initiation, the molecule can rearrange its
structure, losing the oxygen to oxygen and carbon to carbon (or hydrogen) bonds
and forming carbon to oxygen bonds in the process (more stable bonds). A violent
reaction or explosion can be initiated fairly easily; for example, mechanical
shock, excessive or rapid heating, or surface to surface friction by removing a
cap or lid from a bottle.
Peroxide Formation. When a substance slowly reacts with oxygen from the
atmosphere (i.e., autooxidation), there are a number of different reactions possible.
Many peroxide-formers will slowly rearrange to non-peroxide oxidized forms and
cause no trouble beyond their eventual lack of usefulness. Examples of these are:
benzaldehyde and other aldehydes, amines, mercaptans, sulfides, N-alkyl amides and
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alkyl iodides. Other peroxide-formers will slowly polymerize and eventually become
solid plastic. Examples of these substances include styrene, vinyl acetate and ethyl
acrylate. Since these chemicals may be packaged in air, inhibitors of radical polymerization are added (hydroquinone, usually). But peroxides can form and polymerization eventually occurs even if the container has not been opened. Most common in
peroxide formation is.that of soluble (i.e., they remain dissolved) hydroperoxides and
ketone peroxides from secondary alcohols, ethers, tertiary carbons (as in decalin),
and allylic and benzylic carbons (as in alkenes and alkyl benzenes). See Chapter 4
for a more extensive list of peroxide-forming chemicals and safe storage and use
practices.

Reactive and
explosive chemicals
produce large
amounts of heat and
gas; they are
extremely dangerous.

Shock-Sensitive and Friction-Sensitive Explosives
Shock-sensitive explosives can spontaneously release large amounts of energy not
only when struck, vibrated, dropped, heated, or otherwise agitated but also under
normal conditions. Some chemicals become increasingly shock-sensitive with age.
Of great concern in the laboratory is the inadvertent formation of shock-sensitive
explosives such as peroxides in solvents and other materials that can be shocksensitive explosives including:







Nitrate salts of
metals, the oxides of
which are water
insoluble, if mixed
and heated with nitric
acid and ethanol can
oxidize the ethanol to
acetaldehyde and
acetic acid, then
nitrate it, decarboxylate and
dehydrate it to
fulminic acid, HC=N-0, and finally
form the fulminate
salt.












azides of hydrogen, ammonium, alkaline earth metals, copper, silver, mercury,
thallium and lead
carbides and acetylides of copper, silver, gold and mercury
nitrides of sulfur, selenium, tellurium, copper (Cu3N), "fulminating" silver
(Tollin's test and silvering solutions) and gold, and mercury (Millon's base,
HgN-Hg-OH)
alkyl azides from sodium azide in DMSO (or similar) and alkyl halides (CH2C12,
dichloroethane)
fulminates (:C:=N-0) of hydrogen, ammonium, and metals (in general)
fulminates of silver, mercury, thallium and lead formed from nitrates
dissolved and heated in ethanol
mercuric oxide - mercuric cyanide, silver cyanate, mercury(II) cyanate, (light
sensitive) silver cyanamide (Ag2N=C=N), (light sensitive) mercury(I)
cyanamide
oxalate and tartrate of silver and mercury
hypophosphite (phosphinate, H2P(0)0-) acid, aluminum, magnesium (heating
disproportionates them to phosphine which can ignite), dipotassiium phosphinate,
KHP(0)0K (ignites in air if wet), and shock and temperature sensitive:
- copper(II) - silver
- iron(III)
manganese(II)
- lead(II)
RedOx salts like basic stannous nitrate fSn3(OH)4(NO3)21, ferrous perchlorate,
guanidinium, hydrazinium, hydroxyl amine salts with:
- nitrates
- perchlorates
- chromates
ammonium salts mixed with salts of:
- nitrite
- chlorate
- bromate
- permanganate
hydroxylamine free base disproportion ates when heated
hydroxylammonium iodide and phosphinate
metal salts of picric acid, dinitrophenol, dinitroresorcinol and nitromethane (acinitro anions)
chlorite salts of
-lithium (heat)
-nickel (heat / shock) -copper (shock)
-sodium (heat / shock)
-lead (heat)
-silver (heat/shock)
-barium (heat)
- thallium(I) (shock)
-mercury(I) & (II) (unstable)
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Every lab should
have a copy of
Bretherick's
Handbook of
Reactive Chemical
Hazards.

This list is not inclusive. If you are in doubt as to the reactive or explosive potential
of your chemical procedures, consult an authoritative reference such as Bretherick's
Handbook of Reactive Chemical Hazards. The American Chemical Society has
compiled an index of reported incidents of laboratory explosions that have
appeared in Chemical and Engineering News. Call (800) 227-5558, for the ACS
Health and Safety Referral Service for information.
Other laboratory shock-sensitives which may be encountered are perchlorates in
fume hood ducts and azides in drain lines. It is important to distinguish between
shock-sensitive and friction-sensitive compounds. Picric acid and ether peroxides are
not especially shock-sensitive, however, opening a tight cap produces major
frictional forces which can cause an explosion. If spilled on a concrete floor and not
cleaned, picric acid will form calcium picrate, which is easily detonated by footsteps
when dry.
2.1.d Compressed Gases
Compressed gases in the laboratory present chemical and physical hazards. If
compressed gases are accidentally released, they may cause:
 depleted oxygen atmosphere
 fire


Compressed gas
cylinders can
become lethal
projectiles.

adverse health effects

Some gases (e.g., arsine, phosphine, phosgene, nitric oxide, chlorine, sulfur tetrafluoride, etc.), are potentially lethal if the cylinder leaks and the leakage of a flammable
gas can create an explosive atmosphere. In a laboratory fire, the heat may cause the
cylinder's internal pressure to increase and the cylinder may rupture.
Cylinders that are knocked over or dropped can also be very dangerous and can
cause serious injuries. A cylinder may contain a gas at a maximum pressure of 150
atmospheres. If all the gas were released from a 50 kg cylinder through the 2-cm
diameter opening, the cylinder could be launched at a velocity of about 75 mph.
Thus, a broken cylinder valve may cause the cylinder to act like a missile, passing
through walls and possibly causing structural damage, severe injury, and death. See
Chapter 4 for compressed gas cylinder requirements.
2.1.e Cryogenic Liquids
A cryogenic liquid is a liquid with a boiling point that is less than or equal to -90
°C at one atmosphere pressure. Cryogenic fluids, such as liquid air, liquid nitrogen,
or liquid oxygen, are used to obtain extremely cold temperatures. Most cryogenic
liquids are odorless, colorless, and tasteless. Cryogenic liquids are hazardous
because of the physical and chemical characteristics of their super-cooled state.

Liquid nitrogen and
other liquefied gases
can displace breathable air and should
be used only in wellventilated areas.

Cryogenic Hazard Source
Hydrogen, methane, acetylene
Oxygen
Liquefied inert gases
Extremely cold surfaces

Hazard
Gases are flammable
Increases the flammability of combustibles
Air oxygen condensation and concentration
Materials made brittle

Liquefied gas is more concentrated than its vapor and may rapidly evaporate.
Liquid nitrogen experiences a 700-fold increase in volume going from the
condensed phase to the vapor phase. Five gallons could displace half the air in a 15'
x 15 room, leaving only 10% oxygen (e.g., like the top of the Himalayas).
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Adequate ventilation is crucial when
working with
chemicals toxic by
inhalation.

Respirator use
requires a medical
exam, fit test, and
workplace
evaluation.

Cryogenic liquids can cause fires (e.g., liquid oxygen or liquid hydrogen) or
explosions, embrittlement of structural materials, asphyxiation and tissue destruction.
Materials that are normally noncombustible (e.g., carbon steel) may ignite if coated
with an oxygen-rich condensate. Liquefied inert gases (e.g., liquid nitrogen, liquid
helium) are capable of condensing atmospheric oxygen and causing oxygen entrapment or enrichment in unsuspected areas. Extremely cold metal surfaces are also
capable of entrapping atmospheric oxygen.
The gases in a solution of liquefied gases (e.g., liquid air) may evaporate at different rates leaving a concentration of a flammable gas. A cryogenic liquid spill (e.g.,
liquid nitrogen) on a person could be injurious almost immediately and it could be
made worse by being spilled onto clothing that could trap larger amounts of cold
liquid than would contact the otherwise unprotected skin. Because pressures may
build up rapidly in a closed system, adequate venting is required.
2.2 Health Hazards of Chemicals
A chemical is called a health hazard if there is statistically significant evidence
based on at least one study that indicates that acute or chronic health effects may occur
in exposed employees.
When discussing the health effects of chemicals, two terms, toxicity and hazard,
are often used. Toxicity is the ability of a chemical substance to produce injury once it
reaches a susceptible site in or on the body. Hazard is the probability that a substance
will produce injury under the conditions/manner of use. Risk of injury is the probability
that a chemical will cause harm. With proper handling, even highly toxic chemicals
can be used safely. Conversely, less toxic chemicals can be extremely hazardous if
handled improperly.
Toxicity is a property of each chemical. Any substance can be harmful to living
things. But, just as there are degrees of being harmful, there are also degrees of being
safe. For every chemical, there are conditions in which it can cause harm and conditions in which it does not. The biological effects (beneficial, indifferent or toxic) of
all chemicals are dependent on a number of factors: the route of exposure, rate,
duration, frequency, total dose and the type of hazard.
2.2.a Routes of Entry
The actual health risk of a chemical depends on its toxicity and its exposure
route. No matter how toxic a material is, there is little risk involved unless it enters
the body. An assessment of the toxicity of the chemicals and the possible routes of
entry will help determine what protective measures should be taken by workers.

Inhalation is the
most common route
of chemical
exposure

Inhalation
The most common route of entry for chemical substances is through inhalation (i.e.,
breathing). When breathed in, gases, vapors and particles can pass into the bloodstream along with oxygen or they may also harm the tissues of the respiratory system
(e.g., asbestos, silica, etc.).
Most chemicals have an odor which can be smelled at a certain concentration,
called the odor threshold. Olfactory fatigue, which may occur when a worker has
been exposed to high concentrations or after prolonged lower level exposure to some
substances, may make an odor seem to diminish or disappear, while the danger of
overexposure still remains.
Overexposure symptoms may include headache, increased mucus production,
and eye, nose and throat irritation. Narcotic effects, such as confusion, dizziness,
drowsiness, or collapse, may result from exposure to some substances, including
many common hydrocarbon solvents (e.g., toluene). In the event of overexposure,
close containers, open windows or otherwise increase ventilation, and move to fresh air.
If symptoms persist, seek medical attention.
Chemicals that produce vapors should only be used in a well ventilated area or
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Adequate ventilation
is crucial when
working with
chemicals toxic by
inhalation.

Respirator use
requires a medical
exam, fit test, and
workplace evaluation.

Absorption through
skin and eyes is the
second most
common route of
entry.

If chemicals are
spilled on the skin or
in the eyes,
immediately wash the
area for at least 15
minutes and seek
medical attention if
symptoms persist.

Do not bring food or
drink into your lab.

Be careful when
working with
sharps.

in a fume hood. Ventilation can be increased by local exhausts or fans but,
occasionally, ventilation may not be adequate and a fume hood not practical,
making it necessary to use a respirator. OSHA has strict requirements for
respirator use which include a medical examination and a respirator fit test. The
medical exam is necessary because wearing respirators increases the work of
breathing which may cause health problems for some people. Also, the work
environment must be evaluated to identify the concentration of the hazard and to
help select the appropriate mask and filter system.
Skin and Eye Contact
The second most common route of entry is absorption of chemical solids, liquids,
vapors, and gases through the skin and eyes. Skin contact with a chemical may
produce a local reaction (e.g., burn or rash) but can result in absorption into the
bloodstream with no skin reaction. Absorption into the blood may then allow the
chemical to cause toxic effects on other parts of the body.
The absorption of a chemical through intact skin is influenced by the health of the
skin and the properties of the chemical. Skin that is dry or cracked or has small cuts
or lacerations offers less resistance. Wear gloves and other protective clothing to
minimize skin exposure. Symptoms of skin exposure may include dry, whitened
skin, redness and swelling, rashes or blisters, and itching. In the event of chemical
contact on skin, rinse the affected area with water for at least 15 minutes, removing
clothing while rinsing, if necessary. Seek medical attention if symptoms persist.
Chemical contact with eyes can be particularly dangerous, producing a painful
injury or even blindness. Wearing safety goggles or a face shield can reduce the risk
of eye contact. Eyes which have been in contact with chemicals should be rinsed
immediately with water continuously for at least 15 minutes (see Section 5.3.a).
Contact lenses should be removed while rinsing, however, do NOT delay rinsing to
remove the lenses, seconds count. Get medical attention if symptoms persist.
Ingestion
The third most common route of entry for chemicals into the body is ingestion (i.e.,
swallowing). Ingestion can occur by failing to wash hands before eating or drinking,
eating or drinking contaminated food or beverages in the work area, or touching the
mouth with contaminated hands. Workers can easily reduce the risk of ingestion by
not eating, drinking, smoking (smoking is not allowed in any UW building), or
storing food in the areas where chemicals are used or stored. Additionally, washing
hands thoroughly after working with chemicals, even when gloves are worn, reduces
the risk of cross contamination.
In the event of accidental ingestion, immediately go to the emergency room or
contact the UW Hospital Poison Control Center, 262-3702, for instructions. Use the
MSDS to know the exact chemical involved. Do not induce vomiting unless directed
to do so by a health care professional or by instructions in the MSDS.
Injection
Another possible route of exposure to chemicals is by accidental injection which can
occur by needle sticks or through accidents with broken glassware or other sharp
objects that have been contaminated with chemicals. If accidental injection has
occurred, wash the area with soap and water and seek medical attention, if necessary.
To reduce this risk, always use caution when handling sharp objects.
2.2.b Toxic Exposure Factors
While the daily use of many chemicals can be perfectly safe, the body normally
reacts to exposure from harmful chemicals. Toxic effects of chemicals can range
from mild and reversible (e.g., a headache from a single episode of inhaling the
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vapors of petroleum naphtha that disappears when the victim gets fresh air) to serious
and irreversible (liver or kidney damage from excessive exposures to chlorinated
solvents). A goal of chemical safety is to make workers aware of health hazards of
the chemicals they are using.
The way a toxic exposure affects a person depends on many factors including: the
amount of chemical involved, whether the exposure is acute or chronic, and the
specific toxicity of the chemical.

The dose-time
relationship is
central to evaluating
risk.

Type and Magnitude of Exposure
The toxic effects of a chemical may be local or systemic. Local injuries only involve
the area of the body in contact with the chemical. For example, if you spill an acid
on your arm, the effect will be on your arm. Systemic injuries involve tissues or
organs away from the contact site where the toxic substance has been transported
through the bloodstream. For example, methanol that has been swallowed may cause
blindness. Certain chemicals may only affect a target organ. Lead primarily affects
the brain, kidney and red blood cells while some organic solvents may harm the liver
and kidneys. It is also important to distinguish between acute and chronic exposure /
toxicity.

The magnitude
and duration of
exposure are
factors affecting
response.



Acute: rapid
absorption from
sudden and
severe exposure.

Chronic: prolonged/
repeated exposure,
duration of days,
months, or years.



Acute toxicity results from a single, short intense exposure to a chemical where the
acute effects usually appear quickly and are often reversible. Hydrogen cyanide,
hydrogen sulfide, nitrogen dioxide, ricin, organophosphate pesticides and arsenic are
examples of acute toxins. Do not work alone when handling acute toxins. Use a
fume hood to ensure proper ventilation.
Chronic toxicity results from repeated exposure to lower levels over a long period of
time. The effects are usually delayed and gradual, and may even be irreversible.
Mercury, lead, and formaldehyde are examples of chronic toxins.
Individual Susceptibility
People react differently in their sensitivity to chemical exposure. This variability in
sensitivity to chemicals depends on factors such as: age, sex, eating habits, physical
condition, obesity, medical conditions, drinking and smoking, pregnancy, etc.
Over time, regular exposure to some substances can lead to the development of an
allergic rash, breathing difficulty, or other reactions. This physical response is
referred to as sensitization. Continuing exposure past this point and the effects may
occur with exposure to smaller and smaller amounts of the chemical. With sensitization, the effects usually disappear soon after the exposure stops. For reasons not fully
understood, not everyone exposed to a sensitizer will experience this reaction.
Examples of sensitizers include epoxy resins, nickel salts, isocyanates and
formaldehyde. Some workers even become sensitized to the rubber used in protective gloves where their hands may begin to itch. Some workers have even experienced life-threatening shock reaction from gloves made from natural latex.
Physical Class of Agent
The physical class of the substance (i.e., solubility) is also a key factor. Highly
soluble materials like ammonia irritate the upper respiratory tract while relatively
insoluble materials like nitrogen dioxide penetrate deep into the lung. Fat soluble
materials like pesticides tend to have longer residence times in the body.
An aerosol is composed of solid or liquid particles of microscopic size dispersed in a
gaseous medium. The toxic potential of an aerosol is only partly described by its
concentration (mg/m3). It is also necessary to know the particles size. Particles
above 1 micrometer (1 µm) tend to deposit in the upper respiratory tract. Particles
less than 1 pm in diameter enter the lung. Very small particles (<0.2 µm) are generally not deposited.
2.2.c Types of Health Hazards
Toxic chemicals used in labs can produce physical effects. The physiological classification of toxic materials include: allergens and sensitizers, irritants, corrosives,
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Read and understand
the Material Safety
Data Sheets for the
chemicals that you
use.

There is a shortage of
chemical toxicity
information.

Handle all laboratory
chemicals with care.
Material Safety
Data Sheets
(MSDS), when
available, are a
good source of
information about
chemicals.

Sensitizers may
cause little or no
reaction upon first
exposure; but
repeated exposures
may result in severe
allergic reactions.

asphyxiants, anesthetics, hepatotoxic agents, nephrotoxic agents, neurotoxic agents,
agents which affect the hematopoietic system, fibrosis-producing dusts, carcinogens,
mutagens, or teratogens. Many chemicals have multiple toxic and/or hazardous
characteristics.
Prior to working with a chemical you need to determine the answers to questions
like: Is the chemical toxic? How toxic is it? Are you exposed to it? Does that
exposure represent a risk to your health? What kind of risk? Find out all the information that you can concening the health risks of the chemicals that you work with.
Read the Material Safety Data Sheets and research the characteristics of the chemicals you plan to use. This chapter will help you ask the right questions and help you
to understand some of the terms used in toxicology. With this information and the
guidance in Chapter 4 you can then take the appropriate steps to reduce your
exposure to those chemicals that represent a health risk.
Not all chemical health hazard information has been researched. The American
Chemical Society's Chemical Abstracts Service (CAS) lists over ten million known
chemicals. The National Institute of Occupational Safety and Health's (NIOSH`s)
Registry of Toxic Effects of Chemical Substances, a compendium of toxicity tests, lists
fewer than 200,000 chemicals. Thus, millions of chemicals have not been tested for
toxicity. Additionally, most toxicity tests are for acute toxicity and toxicity information
is from animal studies where the species may react differently and often
unpredictably to various chemicals. Thus, some of the information is not directly
applicable to humans. So, there is still much to learn about the chemical toxicity.
Fortunately, Material Safety Data Sheets (see 2.3.b) contain adequate safety
information for most commonly used chemicals. Some research laboratories may
encounter the exotic, rare and newly synthesized chemicals for which toxicity data is
sparse or nonexistent. This emphasizes the importance of handling all laboratory
chemicals with the utmost care. Whenever you handle laboratory chemicals,
minimize your exposure by using fume hoods and personal protective equipment
(e.g., gloves) and the safety procedures described in Chapter 4.
Allergens and Sensitizers
An allergic reaction is an adverse immune response following repeat contact with
otherwise harmless substance. A chemical allergen is a chemical substance that
produces an allergic reaction.
A sensitizer causes a substantial portion of exposed people to develop an allergic
reaction in normal tissue after repeated exposure to a chemical substance. A person
may be exposed to an allergen by inhalation, ingestion, or penetration of the skin.
The reaction may be as mild as a rash (contact dermatitis) or as serious as anaphylactic shock. Reactions can be delayed, taking hours or even days to develop. The skin
is usually the site of such delayed reactions, becoming red, swollen and itchy. A
delayed reaction can even occur sometime after the chemical has been removed.
Once sensitized, repeated exposures to even the most minute levels of sensitizers can
result in life-threatening allergic reactions.
Allergens and sensitizers include a variety of substances capable of producing
skin and lung hypersensitivity. Examples of common substances include: epoxides,
nickel compounds, poison ivy, toluene diisocyanate and other isocynates, chlorinated
hydrocarbons, chromium compounds (i.e., chromates), formaldehyde, amines and
certain phenols.
Primary Anesthetics
Primary anesthetics have a depressant effect upon the central nervous system,
particularly the brain. Examples include: diethyl ether, alcohols and halogenated
hydrocarbons (chloroform, trichloroethylene, carbon tetrachloride).
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Asphyxiants have
the ability to deprive
tissue of oxygen.




Asphyxiants
Asphyxiants are substances that interfere with the transport of oxygen either in the
lungs or in the red blood cells, depriving tissues and organs of oxygen. The brain is
the system most easily affected by lack of oxygen and exposure to asphyxiants can be
deadly.
Simple asphyxiants are inert gases that displace oxygen in the air and include such
substances as: nitrogen, carbon dioxide, helium, nitrous oxide and argon. Under
certain conditions, even chemically inert and benign substances may be dangerous.
Chemical asphyxiants combine with hemoglobin and render the body incapable of
using an adequate oxygen supply. These chemical asphyxiants are toxic even at
very low concentrations (e.g., a few ppm) in air and include substances such as carbon
monoxide, hydrogen cyanide, and hydrogen sulfide.
Blood (Hematopoietic) Toxins
Some toxic agents can damage blood cells or hematopoietic system (e.g., bone
marrow). Examples include: nitrites, benzene, toluidine, aniline and nitrobenzene.
Carcinogens
A carcinogen is any substance that contains an agent that can initiate or speed the
development of malignant or potentially malignant neoplastic proliferations of cells
(i.e., causes cancer). Many chemicals have been evaluated for their ability to cause
cancer. It is believed that these carcinogens directly or indirectly interact with cellular DNA causing permanent alterations. Carcinogens are chronically toxic
substances because they cause damage after repeated or long-duration exposure and
the effects may not become evident for many years after exposure has stopped. The
latent period, the length of time from exposure to cancer formation, for many cancers
ranges from twenty to forty or more years. The risk of developing cancer from
exposure to a chemical increases with the length of exposure and with the chemical's
exposure concentration.

There are very few
chemicals known to
cause cancer in
humans, but there are
many
suspected carcinogens
and many substances
with properties similar
to known carcinogens.

There is a distinction between human carcinogens and suspected human carcinogens. The term human carcinogen is used when there is clear evidence of a chemical's ability to cause cancer in humans. Suspected human carcinogen refers to
chemicals that have been shown to cause cancer in two or more animal species and
are therefore suspected of also causing cancer in humans. Examples of known
carcinogens include: asbestos, benzene, tobacco smoke, aflatoxins.
Zero exposure should be the goal when working with known or suspected
carcinogens. Persons working with or planning to work with carcinogens or
suspected carcinogens must follow strict guidelines to minimize exposure. For a
specific substance, the Toxicity Data section of the MSDS will state whether or not
the substance is considered a carcinogen by OSHA, the National Toxicology
Program (NTP), or the International Agency for Research on Cancer (IARC).
Appendix D provides a more detailed discussion of carcinogens and other Particularly Hazardous Substances and includes procedures which should be implemented
when working with these materials.
Corrosives

A corrosive chemical
destroys or damages
living tissue by direct
contact.

A corrosive is a chemical that can cause visible destruction of or irreversible alterations in living tissue by chemical action at the site of contact. Corrosives can also
react (e.g., oxidation) with metals causing deterioration of the metal surface. Acids
and bases are corrosives. Aqueous solutions of acids with a pH less than 2, and bases
with a pH greater than 12 are especially dangerous and require special precautions.
Examples of common corrosives are:

University of Wisconsin-Madison Safety Department (608) 262-8769

Understaning Chemical Hazards 21
acidic corrosives:



hydrochloric acid



sulfuric acid

alkaline corrosives:



sodium hydroxide (lye)



potassium hydroxide

corrosive dehydrating agents:



phosphorous pentoxide



calcium oxide

corrosive oxidizing agents:



chromic acid



perchloric acid

organic corrosives:



phenol



acetic acid

Because chemical corrosion actually covers a broad range of reactions that
degrade structural materials, when working with chemicals, you must understand the
reactions that are possible. Common reactions include: rusting steel, thinning glasswalled containers, softening hard plastic, disintegrating fabrics and living tissue cell
destruction. These reactions can result from different types of chemical attacks:
oxygen in moist air, aqueous hydrofluoric acid, solvents on plastics, acids on cellulose, bases on wool or leather, and a variety of lipid soluble chemicals on tissue.
Some common material reactions include:
 Non-polar volatile liquids (e.g., alkylphosphines, amines and chlorinated solvents)
can affect the structural integrity of containers and stoppers by being absorbed into
rubber stoppers, septums and plastic containers causing swelling, softening or
embrittlement.
 Ground glass stoppers can be frozen in due to welding of glass by action of dilute
hydroxide from strong or weak bases and by fluoride ion, as acid or salt.
 Ethylene glycol, more so than any alcohol, has an enhanced tendency to promote
rusting of the iron of its steel container (e.g., drum or five gallon can)..
While pH describes the hydrogen ion concentration, it is not an absolute measurement of
potential hazard. Sometimes, weak acids at high concentration can be more destructive to
tissue than strong acids at lower concentrations. For example, 13 M acetic acid (i.e.,
1:1 CI-13CO2H-H20) with a pH of 1.25 (0.42% dissociated) is a greater danger to
skin than sulfuric acid at the same pH (i.e., 0.056 M) because it is more able to
penetrate skin. Hydroxide ion at pH 13 is a greater danger to skin than aqueous strong
acid at pH 1 because proteins and lipids are more sensitive to bases. Phenol is not a
strong acid but will readily penetrate skin and cause destruction by coagulation of
proteins in cells and then enter the blood capillaries.
Environmental Toxins
Some chemicals are or may be very toxic to wildlife or can otherwise harm ecosystems but pose less risk to humans. Some factors contributing to environmental toxicity are persistency (resistance to degradation) and bioaccumulation as the chemical
moves up the food chain. For some environmental toxins the degree of human toxicity is uncertain or controversial. DDT and polychlorinated biphenyls (PCBs) are
examples of chemicals that have been shown to cause reproductive failure in certain
species but appear to be less hazardous to humans. Despite these species differences,
careful use and disposal of environmental toxins is required.
Irritants cause
reversible inflammation or irritation to
the eyes, respiratory
tract, skin and mucous
membranes.

Hepatotoxie Agents
Hepatotoxic agents cause damage to the liver. Examples include carbon
tetrachloride, nitrosamines, and 1,1,2,2-Tetrachloroethane.
Irritants
Irritants are substances that inflame mucous membranes when they come in contact
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with these membranes. The inflammation occurs at concentrations far below those
needed to cause tissue destruction. Chronic exposure to irritants can cause increased
mucous secretions and result in chronic bronchitis. Commonly encountered irritants
include:
-ammonia

-hydrogen chloride

-halogens (F2, C12, 12)

-phosgene

-nitrogen dioxide

-arsenic trichloride

-hydrogen fluoride

-ozone

-diethyl/dimethyl sulfate

-phosphorus chlorides

-alkaline dusts and mists (hydroxides, carbonates, etc.)
Irritants that can also produce chemical asthma by causing changes in the mechanics
of respiration and lung function include:
-sulfur dioxide

-sulfuric acid mist

-acetic acid

-iodine vapor

-formaldehyde

-formic acid

-acrolein

A primary irritant (e.g., hydrogen chloride) exerts no systemic toxic action because
the products formed on the tissue of the respiratory tract are nontoxic or because the
irritant action is far in excess of any systemic toxic action. A secondary irritant's
effect on mucous membranes is overshadowed by a systemic effect resulting from
absorption. Examples of secondary irritants include hydrogen sulfide and aromatic
hydrocarbons. Exposure to a secondary irritant can result in pulmonary edema,
hemorrhage and tissue necrosis.
Lung (Pulmonary) Toxic Agents
Some agents cause damage to the pulmonary tissue (lungs) by means other than
immediate irritant action. Fibrotic changes can be caused by free crystalline silica
and asbestos. Other dusts (e.g., coal dust, cotton dust, wood dust and talc) can cause a
restrictive disease called pneumoconiosis.
Nephrotoxic Agents
Nephrotoxic agents damage the kidneys. Examples include halogenated hydrocarbons
and uranium compounds.
Neurotoxic Agents
Neurotoxic agents can damage the central or peripheral nervous system. The nervous
system is especially sensitive to organometallic compounds and certain sulfide
compounds. The damage produced may be permanent or reversible. In many
instances, detection of neurotoxic effects may require special exams, but effects can
sometimes be inferred from behavior such as slurred speech or staggered gait. Many
of these neurotoxic agents may be chronically toxic substances whose effects are not
immediately apparent. Examples of neurotoxic agents include:
-trialkyl tin compounds
-tetraethyl lead
-thallium

-methyl mercury
-carbon disulfide
-manganese

-organophosphate insecticides (malathion, parathion, Vapona)
Personal Risk Analysis
A personal risk analysis (see Annex 2-2) may help you better understand your risk
when working with hazardous chemicals. First, review the Material Safety Data
Sheets (MSDSs) for each of your chemicals to determine the consequences of an
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accident or exposure. Are the chemicals you use corrosives, carcinogens, etc.?
Second, consider the likelihood of an accident or exposure. This depends on the
quantities of the chemicals used, the manner in which they are used, and the
properties of the chemicals. Do you use five gallon cans of a flammable solvent?
What is its flash point? Are toxic powders and volatile chemicals used in a fume
hood? How much is used? What is the degree of their toxicity? A third indicator of
risk is accident history. Ask your principal investigator and other researchers who
do similar work about accidents and exposure incidents that have occurred with
chemicals you will use.
This analysis will not precisely rank your chemical risks, but it can help you assess
the relative risks of the chemicals you use. Most importantly, you'll know which
chemicals require extra care, and where you should focus your safety efforts.
Annex 2-2 also contains an excellent Chemical Hazard Risk Assessment Form
developed by the University of Arizona's Department of Risk Management and Safety.
Reproductive toxins
can produce adverse
effects in parents and
developing embryos.

2.2.d Reproductive Health Hazards
Some chemicals can cause damage to the reproductive systems of men or women
leading to infertility, impotence, menstrual irregularities, spontaneous abortion or
damage to offspring. Chemicals include heavy metals, some aromatic solvents
(benzene, toluene, xylenes, etc.), and some therapeutic drugs.
Reproductive toxins are substances that cause chromosomal damage (mutagens) and
substances with lethal or teratogenic (malformation) effects on fetuses. Embryotoxins or
fetotoxins are substances that may be lethal to the fertilized egg, embryo or fetus, may
be teratogenic (i.e., cause fetal malformations), may retard growth or may cause
postnatal functional deficits. Male reproductive toxins can in some cases lead to
sterility. Two well known male reproductive toxins are ethylene dibromide and
dibromochloropropane.
Teratogens
When a pregnant woman is exposed to a chemical, some chemicals can cross the
placental barrier affecting the fetus. A developing fetus may be more sensitive to
some chemicals than the pregnant mother, especially during the first twelve weeks of
pregnancy when the mother may be unaware she is pregnant.
Teratogenic chemicals are those substances that cause fetal death or malformation
from maternal exposure during pregnancy. These teratogens are agents which interfere
with normal embryonic and fetal development without apparent damage to the mother
or lethal effects on the fetus. Because cellular genetic effects are not
produced, these effects are not hereditary. Known human teratogens include organic
mercury compounds, lead compounds, 1,2-dibromo-3-chloropropane, ionizing radiation, some drugs, alcohol ingestion, and cigarette smoking. Some substances which
may cause adverse reproductive effects in males include 1,2-dibromo-3chloropropane, cadmium, mercury, boron, lead, some pesticides, and some drugs.
More than 800 chemicals have been shown to be teratogenic in animal models; many
of these are suspected human teratogens.
Emlnyotoxins are substances that act during pregnancy to cause adverse effects on
the fetus. These effects include death of the fertilized egg, the embryo, or the fetus,
malformation, retarded growth and postnatal functional deficits. Examples of
embryotoxins include organomercurials, lead compounds, and formamide.
Mutagens
A mutagen affects the genetic material of exposed cells. Mutations can occur on the
gene level (gene mutations) as when one nucleotide base-pair is change to another.
Mutations can also occur on the chromosomal level (chromosomal mutations) when
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the number of chromosomal units or their morphological structure is altered. The
effect is inherited by daughter cells and, if it occurs in the gonads or reproductive
organs, can become part of the genetic pool that is passed on to future generations.
Examples of mutagens commonly found in biomedical research laboratories include:
ethidium bromide, barium permanganate, methyl isocyanate and radioisotopes.

Appendix D discusses
select carcinogens,
reproductive toxins and
substances with a high
degree of acute
toxicity.

Known Reproductive Health Hazards
No recognized comprehensive list of known human reproductive toxins exists. The
Occupational Safety and Health Administration (OSHA) only regulates four agents
based on their reproductive toxicity: lead, ionizing radiation, 1,2-dibromo-3chloropropane (DBCP), and ethylene oxide. Appendix D lists those substances
considered to be reproductive toxins by the National Institute for Occupational Safety
and Health (NIOSH), the State of California, and the U.S. Air Force.
Remember, toxicological data is lacking for a large number of chemicals. This is
especially true for data on the human reproductive health effects. Most commercial
chemicals and physical factors have not been thoroughly evaluated for their possible
toxic effects on reproduction and development. Information on suspected reproductive
health hazards is derived primarily from animal studies, which present problems of
interpretation in extrapolating to effects in humans. Individuals also vary widely in
susceptibility and extent of exposure to reproductive hazards. Proper handling of
chemicals and use of protective equipment is effective in reducing fetal exposure to
chemicals (see Chapter 4)
Persons working with teratogens and other reproductive health hazards and those who
are contemplating pregnancy or are already pregnant should review the toxicity of the
chemicals in their workplace and, if concerned, should consult with the Safety Department
to determine whether any of the materials pose additional risk during
pregnancy and possible means to reduce those risks.
2.2.e Particularly Hazardous Substances
A group of chemicals have been evaluated and determined to have the potential to be
particularly hazardous. These include acutely toxic substances, selected carcinogens
and reproductive toxins. Labs with these substances must take the additional precautions described in Appendix D when working with these agents.
2.3 Sources of Chemical Safety Information
Safety is each worker's responsibility. A worker should be deeply involved in
performing hazard evaluations and risk assessments for the procedures and
compounds which will be used. As the worker grows in experience, this assessment /
evaluation may become more cursory, particularly if the worker has performed
similar procedures with similar compounds.
While this assessment effort may at first seem extreme, one must remember that
chemical safety is inherently linked to other safety issues including laboratory procedures, personal protective equipment, electrical safety, fire safety, and hazardous
waste disposal. The following equation summarizes reality:
Chemical Safety = Knowledge + Common Sense + Caution
A goal of this chapter is to provide information to enable you to obtain knowledge.
There are many sources of information a worker can use to help in knowing the
toxicity and hazard of a substance and how to work safely with each chemical.
2.3.a Chemical Hygiene Plan
Workers are provided with a relatively safe work place. Even if their work is considered to be research, there are standard procedures to insure the work can be done
safely. Federal and state rules require that these procedures be made available to
workers by requiring that every workplace in which hazardous chemicals are use
have a written Chemical Hygiene Plan (CHP) which includes these procedures.
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Your lab's CHP will include provisions capable of protecting workers from the
physical and health hazards associated with the chemicals present in the laboratory.
All laboratory workers should be familiar with the information in their lab's CHP.
Appendix C provides a template for completing a CHP. The information in this
Laboratory Safety Guide can be referenced so your CHP need only provide procedures
for handling specific laboratory chemicals (e.g., particularly hazardous substances).
In these instances other references may be needed to better evaluate potential
hazards.
2.3.b Material Safety Data Sheet
OSHA requires chemical manufacturers and suppliers provide users with Material Safety
Data Sheets (MSDS). These are designed to provide the information needed to protect
workers from hazards associated with the chemical. Labs are required to have MSDSs
for all chemicals and make them readily available to workers
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SIGMA-ALDRICH

Section 1 - Product and Company Information
Product Name
Product Number
Brand

ACETONE
00585
Fluka Chemical

Company
Street Address
City. State, Zip, Country
Technical Phone:
Fax

Sigma-Aldrich
3050 Spruce Street
St. Louis, MO 63103 US
3147715765
8003255052

Emergency Phone:

414 273 3850 ext.5996

Section 2- Composition/Information on Ingredient
Substance Name
Acetone

CAS#
67-64-1

Formula
Synonyms

SARA 313
No

C3H6O
A c e t o n (G e r m a n , D u t c h , P o l i s h) , A c e t o n e (A C G I H :O S H A ) , C h e v r o n a c e t o n e ,
D i m e t h y l f o r m a l d e h yd e , Di m e t h y l ke t al , D i m e t h y l ke t o n e , D i m e t h y l , Ke t o n e
p r o p a n e , be t a - Ke t o p r o p a n e , M e t h y l k e t o n e , P r o p an o n e , 2 - P r o p a n o n e ,
P y r o a c e t i c a c i d , P y r o a c e ti c e t h e r , R C RA , w a s te n um b e r U 0 0 2

Section 3 Hazards Identification
Eme rgency Ove rvie w
FlammaNs (USA) Highly Flammable (Ell) Irritant
Irritating to eyes and Mon Repeated exposure may cause sten dryness or cracking. Vapors may cause drowsiness and dizziness.
Target organ(s): Liver. Kidneys.
HMIS Rating
.
Health 2

Flammability 3

R e ac ti vi t y 0

NFPA Rating
Health 2

Flammability 3

Reactivity: 0

'additional chronic hazards present.
For additional information on toxicity, please refer to Section 11.

Oral Exposure
If swallowed, wash out mouth with water provided person is conscious. Call a physician.

Section 4- First Aid Measures

Inhalation Exposure
If inhaled, remove to fresh air. If not breathing give artificial respiration. If breathing is difficult, give oxygen.
Dermal Exposure
In case of contact, immediately wash skin with soap and copious amounts of water.

The MSDS provides a variety of
fundamental health and safety information related to the chemical. This information will allow the user of the chemical
to recognize and prepare for potential
hazards associated with the chemical and
prepare for and react to emergency
situations
Risk assessment begins when the
laboratory worker examines their experimental plan in order to identify the chemicals with toxicological properties with
which they are not familiar. The worker
should then review the MSDS for each of
the unfamiliar chemical they will use.
Although federal rules do not
mandate a format for the MSDS,
manufacturers normally publish their
MSDS following one of two generic
formats (see table):
 OSHA Form 174 with 8 major
sections
 American National Standards Institute
(ANSI) has a 16-section format.
Annex 2-3 contains a thorough
discussion of the ANSI format and
content, the basic information found in
both forms include:

University of Wisconsin-Madison Safety Department (608) 262-8769

Understaning Chemical Hazards 27
OSHA Form 174

ANSI
1.

Product and company

identification

Chemical Identity
Section I.
Manufacturer's Name
and

ingredients
Contact Information
Section II.
Hazardous Ingredients /
Identity Information
Section III.
Physical / Chemical
Characteristics
Section IV.
Fire and Explosion
protection
Hazard Data
Section V.
Reactivity Data
Section VI.
Health Hazard Data
Section VII. Precautions for Safe
Handling and Use
Section VIII. Control Measures

2.
3.

Hazards identification
Composition / information on

4.
5.
6.
7.
8.

First aid measures
Fire-fighting measures
Accidental release measures
Handling and storage
Exposure controls / personal

9.
10.
11.
12.
13.
14.
15.

Physical and chemical properties
Stability and reactivity
Toxicological information
Ecological information
Disposal considerations
Transport information
Regulatory Information
16. Other information

Name of supplier (with address and phone number) and date MSDS was prepared or
revised – because toxicity data and exposure limits may be revised, the MSDS should
be reviewed to insure information is still correct. The phone number provides a pointof-contact for additional information on hazards and emergency response.
Name of the chemical -- The identity of the substance as it appears on the label, for
mixtures, this may include the identity of most, but not every ingredient. Common
synonyms are often listed.
Physical and chemical properties -- boiling point, molecular weight, vapor pressure,
vapor density, specific gravity, melting point, evaporation rate, solubility in water,
physical appearance and odor.
Physical hazards - related to flammability, reactivity, and explosibility. Flammability
information may include flash point (and method used to determine it), flammability
limits, extinguishing media, special firefighting procedures, unusual fire and
explosion hazards. Reactivity includes stability, conditions to avoid, incompatibility
(materials to avoid), hazardous decomposition or byproducts, hazardous
polymerization (and conditions to avoid).
Toxicity data -- OSHA and American Conference of Governmental Industrial Hygienist
(ACGIH) exposure limits are listed. Lists the hazardous components by chemical
identity and other common names. Includes OSHA Permissible Exposure Limit
(PEL), ACGIH Threshold Limit Value (TLV) and other recommended exposure
limits. May also include the percentage listings of the hazardous components.
Health hazards -- Acute (immediate) and chronic (build up over time) health hazards,
routes of entry (inhalation, skin, ingestion), carcinogenicity (NTP, IARC monographs,
OSHA regulated), signs and symptoms of exposure, medical conditions generally
aggravated by exposure, emergency and first aid procedures.
Storage and handling procedures -- precautions for handling or storage and listing
appropriate control measures including respiratory protection, ventilation (local,
mechanical exhaust, special or other), protective gloves, eye protection, other
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protective clothing or equipment, work/hygienic practices, first aid treatment, steps
to take if the material is released or spilled, and guidelines for the proper disposal of
waste material. Because the MSDS is written to address the widest conceivable use of
the material, the recommended procedures may be more stringent than necessary for
laboratory use.
2.3.c Labeling Systems
Labels on containers can also be a source of safety information.
There are several standardized labeling systems which
workers may see in the work place. The most commonly types of
labeling system encountered are the Department of
Transportation (DOT), the National Fire Protection Association
(NFPA), and the Hazardous Materials Information Systems
(HMIS) (see Annex 2-4).
DOT Labels
When chemicals are shipped or transported in the public sector, there must be
labels to satisfy DOT rules. Many larger containers (e.g., 5-gallon cans) are also
individually labeled with the standard DOT labels. These labels are designed
to identify DOT classes of hazardous materials (see Annex 4-1). These DOT
labels are diamond-shaped and color-coded by hazard. The hazard class or
division number appears in the lower corner. If you are involved in the shipment
or receipt of hazardous materials, you must be trained to assess the hazard and
be capable of responding in an emergency. The Safety Department conducts
training classes which will allow you to comply with DOT requirements, call
262-8769 and schedule a training session.
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HEALTH HAZARD
4 – Deadly
3 – Extreme Danger
2 – Dangerous
1 – Slight Hazard
0 – No Hazard

FIRE HAZARD
(FLASH POINTS)
4 - Below 73°F
3 - Below 100°F
2 - Below 200 °F
1 - Above 200°F
0 - Will not Burn

REACTIVITY

SPECIAL
HAZARDS
W - Water Reactive
OX – Oxidizer
Radioactive

NFPA Labels
The popular NFPA diamond was developed by the
National Fire Protection Association to aid
emergency responders in recognizing potentially
hazardous situations. The label contains 4 colored
diamond shapes. Each colored diamond is
associated with a different type of physical or
health hazard. However, because this system
refers to the hazards associated with the material
under fire-type conditions, the information is of
limited value for routine laboratory use of the
chemical.

4 - May Detonate
3 - Explosive
2 - Unstable

HMIS Labels
Another popular system was developed by the
National Paint and Coatings Association. It
1 - Normally Stable
contains 4 different colored rectangular shapes
0 - Stable
that are related to different hazards. As opposed to
the NFPA label, the Hazard Materials Information
System (HMIS) rates the material risks under normal use
conditions.
HEALTH HAZARD
4 - Deadly
3 - Extreme danger
2 - Hazardous
1 - Slightly hazardous
0 - Normal materials
* - Chronic hazard
PHYSICAL HAZARD
4 - High hazard, may
detonate
3 - Shock & heat
may detonate
2 - Violent chemical
change
1 - Unstable if heated
0 - Low hazard, stable

FLAMMABILITY
4 - Very flammable
3 - Readily ignitable
2 - Ignited with heat
1 - Combustible
0 - Will not burn

PERSONAL
PROTECTIVE
EQUIPMENT
RECOMMENDATIONS

NFPA and HMIS Labeling Systems
Workers will probably see both types of labels used on containers. At first glance,
these labeling systems appear quite similar. On both the NFPA and HMIS label, each
color represents a specific type of hazard:
 Blue stands for health hazard
 Red means flammability hazard
 Yellow is reactivity hazard (NFPA) or Orange is physical hazard (HMIS)
 White stands for special hazard information or special notice
The blue, red, and yellow/orange sections also contain a number from 0 to 4 that tells
the degree of hazard. The number 4 is for the most serious hazard, 0 the least serious.
Annex 2-4 thoroughly explains each of these rating. The white section of the label
uses no numbers. If a material presents a special hazard, then a symbol or phrase may be
placed in the white section giving special attention. The HMIS label will sometimes
note personal protective equipment using specially designated icons.
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However, there are significant differences between the two systems. The HMIS system
attempts to convey full health warning information to all employees while the NFPA
diamond conveys hazard information to fire fighters and other emergency responders.
HMIS is not intended for emergency circumstances.
HEALTH
FLAMMABILIT
Y
REACTIVITY

PERSONAL PROTECTION

The current version of the HMIS, called HMIS® III replaced an earlier
system. The revision replaced a yellow Reactivity section (similar to the
NFPA reactivity section) with the orange Physical Hazard section. While
both types of labels may be seen, the label with the yellow Reactivity
type label will ultimately vanish.
The HMIS label attempts to convey full health warning information to the
user just as it is listed on an MSDS. Let’s look at the
information each of the sections of the label provide.

Health -- This conveys the health hazards of the material. The blue Health bar has
two spaces, one for an asterisk and one for a numeric hazard rating. The asterisk, if
present, indicates the substance is a chronic health hazard, meaning that long-term
exposure to the material could cause a health problem such as emphysema or kidney
damage. The NFPA diamond lacks this "chronic" information because NFPA is meant
only for emergency or acute (short-term) exposures. The numbering system uses a 0 to
4 scale where 0 indicates minimal hazard and 4 indicates an extreme hazard.
Flammability -- Initially the NFPA and HMIS used the same criteria to assign numeric
values (0 = low hazard to 4 = high hazard). In HMIS III, the flammability criteria are
defined according to OSHA standards (see Annex B-1). OSHA defines a flammable liquid
as "any liquid having a flash point below 100 "F (37.8 °C), except any mixture having
components with flash points of 100 °F (37.8 °C) or higher, the total of which make up
99 percent or more of the total volume of the mixture. Flammable liquids shall be known
as Class I liquids."
Physical Hazard -- HMIS III replaced the Reactivity (yellow) rating of HMIS II
with an orange section using the OSHA criterion of physical hazard. Seven such
hazard classes are recognized:
-water reactives
-organic peroxides

-compressed gases
-pyrophoric materials

-oxidizers
-unstable reactives

-explosives
The numerical rating values of 0 = low hazard / stable to 4 = high hazard / may
detonate, are used to describe the magnitude of hazard from the substance.
Personal Protection -- This is by far the largest area of difference between the NFPA and
HMIS systems. As described in Annex 2-4, the white diamond in the NFPA system is
used to convey special hazards (e.g., water reactive, oxidizer, radioactive, etc.). The
white section in the HMIS label indicates the personal protective equipment that
should be worn when working with the material. One drawback of the HMIS Personal
Protection coding system is that it uses a letter coding system to prescribe the required
protective equipment. The reason this is a drawback is that some of the letters /
symbols used are used by other hazard communication systems and have completely
different meanings and applications. Listed here, for your reference are the HMIS
Personal Protection codes and corresponding equipment needs:
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A

Safety Glasses

B

Safety Glasses, Gloves

C

Safety Glasses, Gloves, Apron

D

Face Shield, Gloves, Apron

E

Safety Glasses, Gloves, Dust Respirator

F

Safety Glasses, Gloves, Apron, Dust Respirator

G

Safety Glasses, Gloves, Vapor Respirator

H

Splash Goggles, Gloves, Apron, Vapor Respirator

I

Safety Glasses, Gloves, Dust and Vapor Respirator

J

Splash Goggles, Gloves, Apron, Dust and Vapor Respirator

K

Air Line Hood or Mask, Gloves, Full Suit, Boots

X

Ask supervisor or safety specialist for handling instruction
For example, consider the NFPA labeling for a container of methanol. A hazard degree rating of 1 has been assigned to the health
hazard which means the material is a slight hazard. The flammability
rating is 3 which means it has a flash point below 100 "F and will
readily ignite at normal temperatures. The reactivity rating of 0
means that the material is stable. Personal protective equipment
includes safety goggles, rubber gloves and apron. Other symbols
which might be used include no smoking, no open flames, no
matches. Since it is poisonous, the "skull & crossbones" symbol or
the word "poison" would appear on the NFPA label. The target
organs affected from a hazardous exposure are blood, eyes,
intestines, and stomach.
Other Labeling Systems
While the NFPA and HMIS systems are relatively common, some
vendors have created their own label system which incorporates information from one or both of these labels. When looking at containers,
look for the common elements rather than the differences (e.g., are the
hazard ratings high or low, special equipment, etc.).
Labeling Secondary Containers
Sometimes workers need only a small amount of material for a
specific task and may transfer the amount of chemical they
need from the original container to a smaller, more portable,
secondary container. If all of the material is to be used
immediately by the employee who transferred the material, the
secondary container need not have a label. However, the
chemical can only be used by the worker who transferred it
and it must be only used on that shift. It is better to label any
secondary container with all the necessary information
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2.4 Toxicology Overview
Examples of exposure to
multiple chemicals:
1) Additive effect combined toxicity is
equal to the sum of
toxicity of individual
chemicals.
2) Antagonistic effect
- combined toxicity
is less than the sum
of toxicity of
individual chemicals.
3) Independent effect-

chemical toxicities are
independent of each
other.
4) Potentiating effect a chemical with a
lower toxicity causes
another chemical to
have a higher toxicity
than if the first
chemical wasn't
present.
5) Synergistic effectcombined toxicity is
greater than the sum
of toxicity of individual chemicals.

"All substances are toxic. There is no substance without toxicity. It
is solely the dose which determines toxicity."
--Paracelcus, 16th century alchemist
This assertion is the foundation of toxicology. It is important to determine your
degree of exposure to a toxic agent, not merely that a particular chemical is present in
the laboratory.
The chemicals used in research labs have a broad spectrum of physical, chemical,
and toxicological properties and potential physiological effects. Understanding the
risks associated with the use of laboratory chemicals is complicated because the
risk of toxic effects is related to both the extent of exposure and the toxicity of
a chemical. Factors included in exposure include the dose, duration and frequency of
exposure and route of exposure.
Exposure to large doses of chemicals with little toxicity normally poses little risk.
However, small quantities of chemicals with high toxicity or corrosivity may produce
significant adverse effects. Duration and frequency of exposure also determine
whether a chemical will produce harmful effects. In some instances, a single
exposure to a chemical may produce poisoning. For others, repeated exposures are
required to produce a toxic effect. The route of exposure (e.g., via the skin, eyes,
gastrointestinal tract or respiratory tract) is crucial in assessing risk. For some
chemicals, the effect on a single "target" organ may be the overriding concern.
Cumulative effects may occur if exposure is from materials that tend to build
up in the body as a result of numerous chronic exposures. The effects are not seen
until a critical body burden is reached (e.g., heavy metals).
Combinations of substances may result in toxic effects which are significantly
greater than the toxic effect of either substance alone. For this reason, it is prudent to
assume the product of a chemical reaction may be more toxic than the most toxic
ingredient.
Thus, while previous sections described the various physical, chemical, and
toxicological properties of chemicals, this section discusses some of the terminology
encountered in toxicology as they relate to routes of exposure, sites of action, and
acute and chronic toxicity. These terms are important to understanding the toxicity
information published in safety documents (e.g., Material Safety Data Sheets, labels)
and for assessing potential chemical exposure.
2.4.a Routes of Exposure to Chemicals
Remember, the presence or use of a hazardous chemical in the laboratory is not sufficient for it to present a risk to your health. Risk involves exposure to a chemical.
That is, the chemical must come in contact with or enter the body and reach a site
where the chemical exerts its effect. The paths a chemical uses to enter into the body
are called routes of entry. Inhalation, skin absorption and ingestion are all routes of
entry for toxic chemicals. A chemical may be severely toxic by inhalation but pose
only moderate toxicity by other routes. Thus, it is extremely important to know the
chemical's toxicity by each route of entry.
On the Material Safety Data Sheet (MSDS), toxicity by route of entry is shown.
Abbreviations describing the route of administration used in the toxicity studies are:
SKN

applied to the skin, to test for irritation or for systemic toxicity through dermal
absorption.
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ORL

oral route, intragastric administration, or mixed with food or water.

IPR

administration into the peritoneal (stomach / intestine) cavity.

SCU

subcutaneous administration of the chemical.

IVN

intravenous administration of the chemical.

IHL

administration of the chemical through inhalation.

Inhalation (via the lungs) is usually the most critical route of exposure because the
surface area of the lining of the lungs is as large as a tennis court, the lungs transfer
chemicals directly into the bloodstream and we breathe large volumes of air. Most
exposure standards are based on the inhalation route of exposure and are expressed in
terms of parts per million (Ppm), as pinole substance to mole total air (0.21 mole 02
+ 0.79 mole N2), or as milligrams per cubic meter (mg/m3) concentration in air.
2.4.b Sites of Action

Local: effect
takes place at the
point of contact.

Systemic: effect
occurs at site
other than the
point of contact.

The effects of chemicals on the body are classified as local or systemic depending
upon the site of action. For a chemical to express its toxic characteristics it must
come in contact with a target organ. If the effect is produced directly at the point of
surface contact, without first being absorbed into the circulatory system, the lesions
produced are considered to be local effects. Areas commonly damaged by local
effects include the eyes, skin, lung and intestinal tract surfaces. If the effects are
produced in tissues as a consequence of absorption and dissemination through the
circulatory system, or are produced in tissues or organs away from the site of original
contact, the lesions or effects are considered to be systemic effects. Chemicals can,
of course, produce both types of effects.
2.4.c Acute Toxicity
All chemicals are toxic under some condition of exposure. In order to compare the
toxicity characteristics of chemicals, it is necessary to define these exposure conditions as well as the quantity involved in the exposure. Acute toxicity is the ability of
a chemical to cause a harmful effect after a single exposure to the substance by any
route for a short (i.e., acute) period of time (e.g., less than one day). Acute toxicity
information consists of (1) lethality data, the levels of exposure (LC50) or dose (LD50)
estimated to kill 50 percent of a specific population of animals under controlled
conditions and (2) dose-response (mortality) relationships. On MSDSs, the degree of
acute toxicity is expressed by these acronyms:
LDLO

The lowest dose of a material introduced by any route, other than
inhalation, over any given period of time in one or more divided portions
and reported to have caused death in humans or animals.

LCLO

The lowest concentration of a material in air, which has been reported
to have caused death in humans or animals.

LD50

Lethal Dose to 50 percent of a population (of lab animals). The amount
of dose, in mg/kg of body weight, to kill one-half of the animals to which it is
administered. This is widely used as an index of toxicity. The lower the
LDS), the more toxic the substance.

LC50

Lethal Concentration to 50 percent of a population (of lab animals). Refers
to an airborne concentration of a contaminant that will kill one-half of the
population of study organisms. Used as an index of toxicity. The lower the
LC50, the more toxic the substance.
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Categories of acute lethal toxicity have been developed by toxicologists. An example
of such a classification is given in the Classes of Acute Toxicity table.

Classes of Acute Toxicity
Toxicity
Class
Practically
nontoxic
Slightly
toxic
Moderately
toxic
Very
toxic
Extremely
toxic
Supertoxic

Dose (amount of
substance per kg
of body weight)
> 15 g/kg

Probable Oral Lethal Dose
(for a 70 kg Adult Human)
More than 1 quart

Examples
Sucrose

Rat Oral
LD50 of
Example
29.7 g/kg

5 - 15 g/kg

Between a pint and a quart

Ethanol

14 g/kg

0.5 - 5 g/kg

Between an ounce and a pint

3 g/kg

50 - 500 mg/kg

Between a teaspoonful and an
ounce
Between 7 drops and a
teaspoon
A taste (less than 7 drops)

Sodium
Chloride
Caffeine

5 - 50 mg/kg
<5 mg/kg

Sodium
Cyanide
Strychnine

192 mg/kg
6.4 mg/kg
2.5 mg/kg

If any of the following criteria are satisfied for a particular chemical, then it is
considered very toxic:


A chemical that has a median lethal dose (LD50) of more than 50 mg per
kilogram, but not more than 500 mg per kilogram of body weight when
administered orally to rats.



A chemical that has a median lethal dose (LD50) of more than 200 mg per
kilogram but not more than 1000 mg per kilogram of body weight when administered by continuous contact for 24 hours (or less if death occurs within 24
hours) with the bare skin of rabbits.



A chemical that has a median lethal concentration (LC50) in air of more than 200
ppm but not more than 2000 ppm by volume or less of gas or vapor, or more
than 2 mg per liter but not more than 20 mg per liter of mist, fume, or dust,
when administered by continuous inhalation for one hour (or less if death occurs
within one hour) to rats.

Additionally, if any of the following criteria are satisfied for a particular chemical,
then it is considered extremely toxic:

A chemical that has a median lethal dose (LD50) of 50 mg or less per
kilogram of body weight when administered orally to rats.


A chemical that has a median lethal dose (LD50) of 200 mg or less per
kilogram of
body weight when administered by continuous contact for 24 hours (or less
if death occurs within 24 hours) with the bare skin of rabbits.



A chemical that has a median lethal concentration (LC50) in air of 200 ppm
by volume or less of gas or vapor, or 2 mg per liter or less of mist, fume,
or dust, when administered by continuous inhalation for one hour (or less if
death occurs within one hour) to rats.

2.4.d Chronic Toxicity
Chronic toxicity is the toxic effect resulting from repeated, low-level daily doses
over a person's or animal's lifetime. These chronic effects can result from

University of Wisconsin-Madison Safety Department (608) 262-8769

Understaning Chemical Hazards 35

cumulative damage to tissues sustained from each small dose, or they can result
from accumulation of the toxic chemical in the body over a long period of low-level
exposure (e.g., mercury, lead). Latent effects, such as carcinogenicity or
mutagenicity, are examples of long term or chronic effects. The damage done
from one large or multiple low-level exposures to a carcinogen is often delayed.
Thus, a cancer may not show up until after a 10 to 20 year latent period has
elapsed. Likewise, the effect of exposure to a mutagen may not manifest itself until
the birth of offspring with malformations resulting from the mutation.

Individuals respond
differently when
exposed to
chemicals

2.4.e Hazard Exposure Guidelines
While higher exposures are generally more worrisome than lower ones, for a specific
agent there may be a threshold exposure below which toxic effects do not occur.
However, determining this threshold is often difficult. We know, for instance, that
heavy alcohol consumption by a pregnant female can result in Fetal Alcohol
Syndrome in her child. The unknown is whether there is some lesser amount of
alcohol consumption which poses no risk to the fetus. For other agents there may be
no safe dose; ingestion of as little as a single 50 mg capsule of thalidomide by a
pregnant female can cause malformations in her child.
Individual biology can also make a difference. Each person has a different
degree of susceptibility or sensitivity to the effects of chemical exposure. Additionally,
most people are exposed to more than one, often many chemicals at once. Data is
available on the toxic effects of individual chemicals, but simultaneous chemical
exposure can result in complex interactions which we do not yet fully understand.
There is no such thing as zero exposure to a chemical. If the chemical is present in
the laboratory, and you are working with it, then you are probably exposed to it at
some level.present in the laboratory, and you are working with it, then you are
probably exposed to it at some level.
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Several sets of
exposure standards
have been established.

The American Conference of Governmental Industrial Hygienists (ACGIH) and the
Occupational Safety and Health Administration (OSHA) have established limits for
workplace exposures. The ACGIH's Threshold Limit Values (TLVs) are guidelines
for use by industrial hygienists. TLVs represent an average level of exposure that a
healthy worker can be exposed to over an 8-hour work day, 40-hour work week,
essentially forever, without suffering significant adverse effects. The Permissible
Exposure Limits (PELs) established by OSHA are more than just guidelines, they
have the force of law and employers are responsible for assuring that their
employees are not exposed to levels above the PEL. In many instances, the PEL and
TLV are the same number. In stances where one is lower than the other, it is
prudent to maintain exposures at the lowest level achievable.
On MSDSs, you will see acronyms for standards and regulations governing
workplace chemical exposure:
IDLH
Immediately Dangerous to Life or Health: Maximum concentration from
which one could escape within 30 minutes without any escape-impairing symptoms or
any irreversible health effects.
ACGIH American Conference of Governmental Industrial Hygienists
TLV
Threshold Limit Value: refers to airborne concentrations of substances to
which it is believed that nearly all workers may be repeatedly exposed day after day
without adverse health effects. Established by the ACGIH as guidelines for use by
professional industrial hygienists.
SKIN

If a significant route of exposure for a substance is through the skin,

mucous membranes and eyes, either by air or direct contact, the TLV or PEL will
have a "skin" notation. Examples include pesticides, carbon tetrachloride, cyanides,
ethylenediamine and thallium. This additional exposure route must be considered
part of the total exposure to avoid exceeding the TLV for that substance.
TWA

Time-Weighted Average: An average airborne concentration over an

eight-hour work shift. Exposures may be somewhat higher or lower than the average
at various times of the day as is normally the case in a work environment.
STEL Short-term Exposure Limit: Establishes a safe exposure limit of no more than
four 15-minute periods a day. Limits established to avoid: 1) irritation, 2) chronic or
irreversible tissue damage, or 3) narcosis of sufficient degree to increase the
likelihood of accidental injury. Limits are published only for compounds where toxic
effects have been reported from high, short duration exposures and are typically no
more than 25 - 200% higher than the TLV.
C
If a "C" precedes the TLV, this is a ceiling exposure limit; the concentration that should not be exceeded even instantaneously.
PEL Permissible Exposure Limit: Similar to a TLV, but established by OSHA as
the legal limit for employee exposure. Employers have the legal responsibility to
ensure that their employees' exposures do not exceed the PELs.
OSHA

Occupational Safety and Health Administration: Federal Government

agency, part of the Department of Labor, charged with ensuring the health and
safety of private sector workplaces in the U.S. Establishes and enforces safety
and health regulations.
N1OSH National Institute for Occupational Safety and Health: Part of the
Centers for Disease Control of the Public Health Service of the U.S. Department of
Health and Human Services. It conducts research and development in Occupational
Safety and Health. Advises OSHA in rulemaking and standard-setting. Does
respirator testing and approvals. Supports the training of industrial hygienists and
occupational health nurses and physicians.
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REL

Recommended Exposure Limit: Similar to a 'TLV, but established by

NIOSH, not ACGIH.
Action

This is an OSHA term which pertains to a few substance-specific

Level
regulations. It is an airborne concentration (lower than the PEL)
that,
when exceeded, requires certain activities such as exposure monitoring or medical
surveillance.
These limits pertain primarily to the inhalation exposure route (cf., skin); so they are
airborne concentrations. For this type exposure, the lung is usually the most critical
route of entry. Exposures via other routes, such as ingestion and skin absorption,
must also be taken into account to determine if an excessive exposure is present.
2.4,f Exposure Risk Assessment
The question then is: How can one gauge exposure risk? Annex 2-2 provides guidelines. The MSDS provides a wealth of information. But, suppose there is no MSDS?
One can still consider the MSDS hazard conditions to determine exposure risk:
 Physical state: vapor pressure, fluidity, loftability, lipid solubility, skin absorption.
 Chemical properties: air reactivity (flammability), water reactivity (heat, splatter,
ignition, gas generation), acidity / basicity, self reactivity (explosive, polymerization)
and potency as oxidizer.
 Toxicity: chronic, acute, sensitizer.
In some cases the Safety Department can measure your workplace air
concentrations of chemicals. Call if you are concerned about your exposure or would
like advice on controlling chemical exposure. Read the guidelines in Chapter 4 on
controlling chemical hazards in the laboratory. Overexposure to hazardous
chemicals is a possibility when:
 Volatile or airborne chemicals are used outside of a fume hood or some other
containment.
 An aerosol results in direct contact with skin or eyes.
 There is an accidental ingestion.
 You are in the vicinity of an accidental spill or gaseous release.

If you are concerned about
effects to your health from
exposure to a chemical,
see a physician.

If you are concerned about the physical effect from a chemical exposure, see a physician. Information on the signs and symptoms of an overexposure can be obtained
from a physician, an MSDS, and the Poison Control Center (262-3702). Students
may receive medical care from the University Health Service. Call the Safety
Department for guidance in seeking medical assistance for chemical exposures.
If you feel that you may have had a harmful exposure, see a physician
immediately. For emergency care, go to a hospital emergency room. University
Police (dial 911) can arrange for emergency transport.

2.5 Review Questions
1. A_____________is a chemical known to cause cancer in humans.
a. nephrotoxin
b. corrosive
c. carcinogen
d. mutagen
2. A flammable liquid will emit enough vapors to be ignited by a spark source at
temperatures:
a. above absolute zero
b. above 22 °C (70 °F)
c. below 38 °C (100 °F)
d. above its freezing point
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3. A ____________ substance will burst into flames upon contact with air.
a. explosive
b. peroxide-former
c. teratogenic
d. pyrophoric
4. Nephrotoxic agents damage the:
a. kidney
b. pancreas

c. spleen

d. liver

5. A teratogen can cause birth defects in:
a. anybody
b. pregnant women
c. postmenopausal women

d. males

6. A chemical described as having a local effects causes damage that is:
a. widespread
b. where the chemical contacts the body
c. inflicted upon everyone in the area d. not inflicted on foreigners and tourists
7. The lower the LD50, the _________________the chemical is.
a. less toxic
b. more corrosive
c. more toxic d. more flammable
8. The routes of entry of toxic chemicals into your body include:
a. inhalation
b. ingestion
c. absorption through skin d. all of the above
9. The oral rat LD 5 0 is a commonly used index of:
a. flammability
b. corrosivity
c. carcinogenicity

d. acute toxicity

10. A person who develops a rash when contacting nickel salts has been:
a. tagged
b. poisoned
c. sensitized d. corroded
11. The most common chemical route of entry is:
a. ingestion
b. inhalation
c. skin / eye contact

d. injection

12. Cryogenic liquids can:
a. displace air in a lab b. freeze skin c. embrittle materials d. explode e. all of the above

13. _____________is an example of a blood toxin:
a. formaldehyde
b. ozone
c. uranium
d. nitrites
14. Every lab must have a chemical hygiene plan (CHP) and Material Safety Data Sheets (MSDS).
a. true b. false
15. The NFPA label describes a chemical's hazards under everyday use situations.
a. true b. false
16. The HMIS label rates the material risks under normal use conditions. a. trueb. false
17. toxicity is the toxic effect resulting from repeated, low-level chemical exposure.
a. acute

b. lethal

c. chronic

d. general

18. The STEL is a safe exposure limit of no more than four 15-minute exposure periods a day.
a. true b. false
19. A "C" (ceiling) is a TLV limit whose concentration should never be exceeded.
a. true b. false
20. An exposure risk assessment considers the MSDS hazar d conditions of:
a. physical stateb. chemical properties

c. toxicity

d. all of the above
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Annex 2-1. Glossary of Chemical Hazard Terms
ACGIH - The American Conference of Governmental Industrial Hygienists consists of occupational
safety and health professionals who recommend occupational exposure limits for many substances.
Action Level - An OSHA concentration calculated as an 8-your time-weighted average, which initiates
certain required activities such as exposure monitoring and medical surveillance.
Acute Health Effect - A severe effect which occurs rapidly after a brief intense exposure to a substance.
ANSI - American National Standards Institute is a private group that develops consensus standards.
Asphyxiant - A chemical (gas or vapor) that can cause death or unconsciousness by suffocation.
Autoignition Temperature - The lowest temperature at which a substance will burst into flames without a
source of ignition like a spark or flame. The lower the ignition temperature, the more likely the
substance is going to be a fire hazard.
Boiling Point - The temperature of a liquid at which its vapor pressure is equal to the gas pressure over it.
With added energy, all of the liquid could become vapor. Boiling occurs when the liquid's vapor
pressure is just higher than the pressure over it.
Carcinogen - A substance that causes cancer in humans or, because it has produced cancer in animals, is
considered capable of causing cancer in humans. Under the OSHA Laboratory Standard, a carcinogen is
any chemical that has been found to be a carcinogen or potential carcinogen by the International Agency
for Research on Cancer, is listed as a carcinogen or potential carcinogen in the Annual Report on
Carcinogens published by the National Toxicology Program, or is regulated by OSHA as a
carcinogen.
CAS Number - Chemical Abstract Service. Registry of chemicals by assigning numerical identification.
Ceiling Limit (CL or C) - An OSHA established concentration exposure limit which must never be
exceeded, even for an instant. It is often written as TLV-C.
Chemical Reactivity - A chemical's ability to react with other materials. A chemical's ability to change
in molecular arrangement or composition alone or with other chemicals. Reactivity implies, at least, a
spontaneous action at the conditions, and is often rapid and energetic with dangerous and hazardous
effects such as explosions, heat, etc.
CHEMTREC - Chemical Transportation Emergency Center. Established by the Chemical Manufacturers
Association to provide emergency information on certain chemicals upon request. CHEMTREC has a
24-hour toll free telephone number (800-424-9300).
Chronic Health Effect - An adverse effect with symptoms that develop or recur very slowly, or over
long periods of time as a result of continued or periodic exposure to the offending agent.
Combustible - A material that will burn under most conditions.
Combustible Liquid - A liquids or liquid mixture having a flash point at or above 37.8 'V (100 "F), but
below 93.3 °C. (200 °F).
Compressed Gas - Any material which is a gas at normal temperature and pressure, and is contained
under pressure as a dissolved gas or liquefied by compression or refrigeration. Other definitions
include: (1) a gas or mixture of gases having, in a container, an absolute pressure exceeding 40 psi at
21 °C (70 °F); or (2) a gas or mixture of gases having, in a container, an absolute pressure exceeding
104 psi at 54.4°C (130 °F) regardless of the pressure at 21 °C (70 °F); or (3) a liquid having a vapor
pressure exceeding 40 psi at 37.8 "C (100 °F) as determined by ASTM D-323-72.
Concentration - The amount of a substance present per unit of media. The amount of a substance (solute)
in a mixture with substance(s) per amount of dominant substance (solvent) or sum of all substances
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(solution). These amounts can be mass, volume or molar amount. A single substance can be described
by amount, mass or molar, in space. The former is density and the latter is the inverse of molar volume
(e.g., water: 55.5 moles per liter).
Corrosive - A chemical which causes visible destruction of or irreversible alterations in, unprotected skin
and other tissue as well as metals at the site of contact by chemical action.
Cytotoxin - A substance toxic to cells in culture or to cells in an organism.
Dangerously Reactive Material -A material that can react readily and energetically alone (polymerize,
fragment, rearrange) or with ordinarily non-reactive materials like air, water or combustibles.
Undesired results can include toxic release, fire, splattering or explosion.
Decomposition - A loss of molecular structure or composition (i.e., breakdown) by loss of simple
molecules (water, carbon dioxide) or rearrangement to a simpler structure (loss of information). It is
usually thermal, but could also be due to light, hydration or air oxidation.
Density - A measure of anything that is bound by a volume. Usually it is the mass per volume of a single
substance at normal (standard) conditions of temperature and pressure. Energy density and power
densities are useful measures as well. NFPA gives its highest hazard ratings to materials that generate
greater than one kiloWatt per cubic centimeter (flames and halogen lights). Energy density has the same
units as pressure (i.e., P = nRT/V or = QN). Specific gravity compares density to other common materials
(e.g., water, air). Thus, vapor density, is the ratio of the molecular weight of a vaporized substance to
that of standard air, 28.8 g/mole. This ratio is an indicator as to how rapidly the pure vapor will settle
out or rise if pushed into the air. If the density of a substance is compared with water (density = 1), then
substances with densities < 1 will float on water if they don't dissolve; substances with densities > 1 will
sink in water if they don't dissolve.
Dermal / Cutaneous - By or through the skin; pertaining to skin.
Dermatitis - Skin rash; inflammation of the skin.
DOT - U.S. Department of Transportation. Regulates transportation of hazardous materials.
Dyspnea - Shortness of breath, difficulty or labored breathing.
EPA Number - The number assigned to chemicals regulated by the EPA.
Erythema - a reddening of the skin.
Evaporation Rate - Flow fast a material is converted to vapor (i.e., evaporates) compared to some other
chemical at the same temperature and pressure. The known reference material is butyl acetate with a
vaporization rate of 1. The higher the number, the more rapidly the liquid evaporates.
Explosive - A chemical that causes a sudden, almost instantaneous release of pressure, gas, and heat
when subjected to sudden shock, pressure, or high temperature.
Explosive Limits - The amounts of vapor in air which forms explosive mixtures. Explosive limits are
expressed as Lower Explosive Limit (LEL) and Upper Explosive Limit (UEL). These give the range
of vapor concentrations in air which will explode if heat is added. Explosive limits are expressed as
per cent of vapor in air.
Eye Irritant - A chemical which irritates the eye.
Flammable - A chemical that catches on fire easily and bums readily.
Flammable Gas - A gas that, at an ambient temperature and pressure, forms a flammable mixture with air
at a concentration of 13% by volume or less; or, a gas that, at an ambient temperature and pressure
forms a range of flammable mixtures with air wider than 12% by volume, regardless of the lower
limit. These gases are likely to explode or burn readily if the vapor is exposed to an ignition
source.
Flammable Liquid - Liquids with a flash point below 100 degrees Fahrenheit (38 degrees Celsius). Even
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a small energy spark like static electricity may ignite the vapors, which are usually given off readily
under normal temperatures.
Flammable Solid - Solids, other that blasting agents and explosives, which are volatile with vapor in
ignitable limits or ignite very easily with ignition source contact or heat radiation and burn intensely.
Solids pulverized to fine dust, especially if it is suspendable in air, are a special problem. These don't
need to be volatile or reactive, their surface area to volume ratio allows ready, sustainable ignition
(e.g., explode or flash) and may even provoke it with static electricity discharge from particle friction.
Flash Point - The lowest temperature at which a liquid gives off enough vapor to catch on fire if heat is
applied. Flash point provides an indication of the flammability of a substance.
Fume - A liquid mist or solid particle suspension that has condensed from the vapor state.
Gram - A unit of weight in the metric system. An ounce is about 28 grams, a pound is approximately 450
grams. A teaspoon of sugar weighs about 8 grams.
Grams per Kilogram (g/Kg) - The dose of a substance given to test animals in toxicity studies.
Hazardous Chemical - Defined by OSHA as any chemical for which there is significant evidence that
acute or chronic health effects may occur in exposed personnel. They are health or physical hazards.
Hazard Warning - Any words, pictures, symbols, or combination thereof appearing on a label that
convey the hazards of the chemical(s) in the container.
Health Hazard - A harmful effect on health if an overexposure occurs. There are acute and chronic
health hazards.
Hematopoietic System - The body's blood system, including the production and circulation of blood and
the blood itself.
Hepatotoxins - Chemicals that cause liver damage.
Highly Toxic Chemicals - Chemicals which are poisonous in extremely small doses.
Inflammable - Same as flammable.
Ingestion - Taking a substance into the body through the mouth as food, drink, medicine, or unknowingly
as on contaminated hands, make-up, cigarettes, etc. (e.g., swallowing).
Inhalation - The breathing in of an airborne substance that may be in the form of gas, fumes, mists,
vapors, dusts or aerosols.
Irritants - Chemicals which cause reddening, swelling and pain when it contacts skin, eyes, nose or
respiratory system, but are not likely to cause tissue destruction.
Label - Any written, printed, or graphic material displayed on or affixed to containers of hazardous
chemicals.
Laboratory - A facility where relatively small quantities of hazardous materials are used on a nonproduction basis.
Laboratory Scale - Work with substances in which the containers used for reactions, transfers, and other
handling of substances are designed to be easily and safely manipulated by one person.
Lethal Concentration 50 (LC50) - The concentration of an air contaminant that will kill 50% of the test
animals in a group during a single exposure.
Lethal Dose 50 (LD50 or LD50130) - the dose of a substance or chemical that will kill 50% of the test
animals in a group within the first 30 days following exposure.
Material Safety Data Sheet (MSDS) - Written or printed material concerning a hazardous chemical that
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includes information on the chemical's identity; physical and chemical characteristics; physical and
health hazards; primary routes of entry; exposure limits; whether the chemical is a carcinogen;
precautions for safe handling and use; control measures; emergency and first aid procedures; the date of
preparation of the MSDS or the last change to it; and the name, address, and telephone number of the
manufacturer, importer, or employer distributing the MSDS.
Melting Point - The temperature at which a solid substance melts or becomes liquid.
Meter - A meter is about 40 inches.
mg/m3 - A way of expressing the concentration of a substance in air. It means the mass of substance per
cubic meter (m3) of air.
Mixture - A heterogeneous association of substances where the various individual substances retain their
identities and can usually be separated by mechanical means. Includes solutions or compounds but
does not include alloys or amalgams.
MSDS - see Material Safety Data Sheet.
Mutagen - Capable of changing (mutating) genetic material in such a way that future cell generations are
affected.
Narcosis - Stupor or unconsciousness caused by exposure to a chemical.
Nephrotoxin - A chemical that can cause kidney damage.
Neurotoxin - A chemical that produces its primary toxic effect on the nervous system.
Occupational Exposure Limits - Maximum allowable concentration of hazardous substances in
workroom air to protect workers over a working lifetime.
Odor Threshold - The minimum concentration of a substance at which a majority of test subjects can
detect and identify the substance's characteristic odor.
Organic peroxide - An organic compound that contains the bivalent -0-0-structure and may be considered to be a structural derivative of hydrogen peroxide where one or both of the hydrogen atoms has
been replaced by an organic radical.
OSHA - The Occupational Safety and Health Administration, United States Department of Labor. OSHA
develops and enforces standards for occupational safety and health.
Oxidizer - An oxidizer is a chemical (other than a blasting agent or explosive) that initiates or promotes
combustion in other materials, thereby causing fire either of itself or through the release of oxygen or
other gases. It may cause the ignition of combustible materials without the aid of an external source of
ignition.
Permissible exposure limit (PEL) - An exposure limit established by OSHA expressed as a timeweighted average (TWA) limit, a short-term exposure limit (STEL), or a s ceiling exposure limit.
pH - A measure of how acidic or how basic a substance is on a scale of 0 - 14. pH 0 is very
acidic; pH 7 is neutral; and pH 14 is very basic. Actually, an expression of the hydrogen ion, (i.e.,
(H20),H+), concentration in water, as the negative logarithm base 10 of its molarity. It is
limited to being a measure in water, even though an analogous measure can be applied to any
proton dissociating liquid (e.g., acetic acid). In equilibrium, the product of the concentrations
of proton donor and proton receiver is characteristic of the molecule as an acid and a base. For
water, the [(H20)„Hl[(H20)m0H1 = I0 regardless of the concentration of either. If [H] = 1
molar, then [011 -] = 10' molar. A very strong acid that is pure, may not be strongly dissociated
because a neutral molecule may likely be a weak base for binding another proton. Similarly,
liquid ammonia can easily form an ammonium ion with a donated proton but, ammonia is a very
weak proton donor, thus a very low dissociation constant results. An acid stronger than
hydronium ion, dissolved in water will produce a nearly equal amount of hydronium ions and
proton ate any hydroxide ions as well. A practical limit of aqueous acid concentration would be
55.5 moles of a strong monoprotic acid added to a Titer of water (55.5 moles of 1120), forming a

University of Wisconsin-Madison Safety Department (608) 262-8769

Understaning Chemical Hazards 43
salt, H10+ A , that would likely have a volume greater than one liter. If its molarity is now, say, 25
mole per liter, and it is a liquid, the pH would be -1.40. Most concentrated, strong acids are up to
15 molar (above n = 3.7) and the pH can be thus -1.18. A 50% sodium hydroxide solution is
about 17 molar an its pH is 15.23.
The measurement of pH is an artifact. A pH meter is really measuring the electropotential of a proton
concentration dependent redox equilibrium against a standard potential (i.e., calomel) and the indicator
scale is a voltage meter calibrated to read - Logio of proton concentration. Hydrofluoric acid or
concentrated sodium hydroxide solutions will treat the porous glass probe like it's candy and consume
it. Colorimetric indicators, dyes that show different visible light transmissions dependent on
protonation of the molecule, change their color at a certain proton concentration in solution given their
acid-base characteristics. Distinct color changes of dyes can range from at pH 1 to 13. A clever
combination of four dyes that are water soluble, universal indicator, results in a prism color spectrum
from red at pH of 4 to blue at pH of 10 with purple at about 11. This will only indicate truly in
aqueous systems; solvent mixtures can protonate or deprotonate the dyes at conditions other than what
water, acidic or basic, will do. The colors can be off-spectrum, interesting in themselves, but not really
saying anything.
Physical Hazard - A chemical for which there is scientifically valid evidence that it is a combustible
liquid, a compressed gas, explosive, flammable, an organic peroxide, an oxidizer, pyrophoric, unstable
(reactive), or water-reactive.
pK - An acid or base equilibrium constant, pKa or pKb, as the negative logarithm (- Logic)) of proton or
hydroxide molar concentrations, times the conjugate ion concentration, [A-] or LBW], divided by the
un-dissociated species concentration. Water concentration, certainly a participant in the equation, is
not included (i.e., dilute solutions will be 55.5 molar water). For acids stronger than hydronium,
protonated water, pKa = 0, the pKa has limited meaning for aqueous systems; hydronium ion is the
acid. To obtain a pK value, it is necessary to know the reaction that the pK is being referred to.
Experimentally determined pK values depend on temperature, ionic strength, and the microenvironment of the ionizable group. Generally, only the pKa's are listed for both acids and bases. That is
because pKb is 14 - pKa, just as pOH = 14 - pH. The pKa of an amine, that obviously doesn't donate
a proton in normal cases, is the pKa of its conjugate, BH+; thus pKa = - Log10{[B][H+]/[BH+]} and
pKb = - Log10 {[BH+][OH-]/[B]}, pKa pKb = - Log10{[H+][OH-]} = pKw = 14.
Polymerization - A chemical reaction, usually carried out with a catalyst, in which two or more small
molecules combine to form larger molecule that contain repeating structural units of the original
molecules. A hazardous polymerization occurs when the reaction results in an uncontrolled release of
energy.
ppm - Parts per million. An expression of concentration of a gas or vapor in air or a solute in a
solvent, but can also express precision. It can be dimensionless (e.g., micromoles per mole, milligram
per kilogram), or it can be mixed units (e.g., milligram per liter [i.e., liter equated to kilogram by water
density] or even milliliter per kilogram) if necessary. In these situations, it is important to know what
it means in terms of the units.
Pyrophoric - A chemical that will ignite spontaneously in air at a temperature of 54.4 'V (130 °F) or
below.
Reactivity -The ability of a substance to undergo a chemical change alone or with other substances,
without energy input and usually with a release of energy and/or volatiles. Highly reactive substances
may burn, explode or produce corrosive or toxic emissions. See also Dangerously Reactive.
Reproductive Toxin - A chemical that affects the reproductive capabilities including chromosomal
damage (mutations) and effects on fetuses (teratogenesis).
Respirator - A device which is designed to protect the wearer from inhaling harmful contaminants.
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Respiratory Hazard - A particular concentration of an airborne contaminant that, when it enters the
body by way of the respiratory system results in some bodily function impairment.
Routes of Entry - Ways in which a chemical can come into contact with the body. Included are the skin,
the eyes, the mouth, the nose and the lungs.
Sensitizer - A chemical that may cause no reaction in a person during initial exposure, but afterward,
further, repeated exposures will cause an allergic reaction in normal tissue in a substantial proportion
of exposed people or animals exposed to the chemical.
Short term exposure limit (STEL) - A term used by the ACGIH to express the maximum concentration
most workers can tolerate for a 15-minute exposure period (with a maximum of four periods a day
with at least 60 minutes between exposure periods and provided that the TLV-TWA is not exceeded)
without adverse effects.
Solvent - A substance, usually a liquid in which other substances are dissolved. The most common
solvent is water.
Specific Gravity - A ratio of the density of a substance with the density of water, which has a relative
value of 1 when metric units are used. The gram was defined as being the mass of one cubic
centimeter of water (note: initially the meter was one ten millionth the distance from the Equator to the
North pole along the Greenwich meridian). Finer measurements showed water has a maximum
density at 3.98 °C, so the milliliter was defined as being the volume of one gram of water at maximum
density (i.e., 0.999972 ml = 1.000000 cm' @ 3.98 °C [Merck Index]). If the chemical's specific gravity is
greater than 1, the chemical is heavier than water and will sink in water.
Systemic - Spread throughout the body, affecting many or all body systems or organs;; not localized
in one spot or area.
,
Teratogen - An agent or substance that may cause physical defects in the developing embryo or fetus
when a pregnant female is exposed to the substance.
Toxic- Poisonous. Causes adverse health effects when the body is exposed.
Target Organ Effect - Chemically caused health effects from exposure to a substance on specific organs
i.e., lungs, kidneys, nervous system, blood or blood-forming organs, eyes, skin, etc.
Threshold Limit Value (TLV) - Term used by the ACGIH to express the maximum airborne concentration of a material to which most workers can be exposed during a normal daily and weekly work
schedule (i.e., day-after-day) without adverse health effects.
Time Weighted Average (TWA) - A technique for averaging individual variant measurements over
an 8-hour workday.
Toxic - causing acute or chronic injury to the human body or suspected of being able to cause disease or
injury under some conditions. The terms toxic and highly toxic are defined specifically by the
chemical's median lethal dose and median lethal concentration for laboratory animals.
Unstable (reactive) - A chemical that in the pure state or as commercially produced or transported, will
vigorously polymerize, decompose, condense, or will become self-reactive under conditions of shock,
pressure, or temperature. Equivalently, a single chemical or mixture that has a low energy of
activation threshold to self-reaction or mutual reactivity which then delivers a greater energy leading
to even more reaction. The activating energy can be thermal as well as mechanical friction or shock.
An instability may be a slow, easy and low energy yielding reaction of decomposition or change that
may build up products to sufficient levels to seriously react. Some examples include:

Nitroesters, such as nitroglycerine and even nitrocellulose will slowly decompose by moisture
hydrolysis of the ester to nitric acid, which furthers hydrolysis of esters leading to combustion or explosion
involving nitric acid produced.


Silver diamine ion from silvering solutions will slowly disproportionate to ammonia, silver amide,
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imide and nitride, as well as air oxidize to trisilver tetranitride, all of which silver compounds are very
mechanically sensitive and powerful explosives.

Air oxygen slowly and non-energetically adducts with certain alkenes (polymer monomers) which
slowly adduct more alkene to an extent that it later becomes a vigorous, heat producing reaction runaway.

Pyruvic acid and formic acid both will auto-decompose producing carbon dioxide and carbon
monoxide respectively, which builds internal pressure that is not limited by pressure, thus bursting the
container if tightly sealed.
Vapor - The gaseous state of substances which are normally in the liquid or solid state (i.e., condensed
phase) at normal / ambient room temperature and pressure. Vapors evaporate into the air from liquids
such as solvents. The gaseous versus condensed state amounts (i.e., equilibrium vapor pressure) are
determined by the transition temperature (i.e., boiling or sublimation point), temperature of material
and the energy of transition to gas phase. The ratio of molar transition energy to absolute temperature
of transition is approximately constant for most non-ionic substances.
Vapor Density - Whether a substance is heavier or lighter than air (which has a vapor density of I). A
vapor with a density lighter than 1 is lighter than air and will rise in air. Specifically, it is the density of
the vapor of a substance at normal atmospheric pressure, but at a temperature that is above its boiling
point, compared to air at that temperature. Using ideal gas behavior (i.e., PV = nRT), this allows the
molecular weight of the substance as a ratio to normal air (i.e., 28.8 g/mole), to be the density of the
vapor. The true density of an escaping vapor must be based on its vapor pressure in air, at the
prevailing temperature. Just as air's density is a composite, the vapor density of a volatile liquid will be a
composite calculated using molecular weight and mole fraction in air (i.e., vapor pressure). D v =
[PvMw + (1-Pv) x 28.8] / 28.8. For example, ether vapor: Dv = [440/760 x 74 + (1 - 440/760) x
28.8]/ 28.8 = 1.91 -times that of air.
Vapor Pressure - The pressure that a solid or liquid exerts when it is in equilibrium with its vapor
at a given temperature. It relates to how quickly a substance becomes airborne within the
workplace and how quickly a worker could be exposed to it. The pressure of the gas phase of a
liquid or solid, whether the only component of an atmosphere or as a partial pressure in a
mixture (e.g., in air at normal pressure, in equilibrium with the condensed phase); it is the same.
If a material evaporates in a closed space with enough vapor to achieve vapor pressure and there
is some condensed phase of the material remaining, there exists a dynamic equilibrium. If the air
is being replaced in the space or the pool is in open air, the material will continue to evaporate
(and steal heat from its surroundings) until it is gone (i.e., evaporated). The evaporation rate of a
condensed substance depends on the vapor pressure at pool temperature (i.e., this may be depressed
from the ambient due to evaporation energy requirement) minus any vapor concentration already
in air (e.g., a puddle of water on a humid day), the air speed over the pool, the length of pool to
be traversed (i.e., air saturates with vapor) and the total area of the pool. Diffusivity and fluid
viscosity are factors in this as well. The vapor concentration exponentially decreases with
height above pool in a simple model of plume formation. It may be hard to predict the particular
scaling of this profile in any situation.
Viscosity - A measure of how slowly a substance pours or flows. Very viscous substances, like
honey, pour very slowly. Slightly viscous substances, like water, pour and splash easily.
Volatility - A measure of how quickly a substance forms vapor at ordinary temperatures. Equivalently, a
measure of equilibrium vapor pressure of a liquid or solid but also denotes how quickly a substance
forms vapor. See evaporation rate under vapor pressure
Water-reactive - A chemical that reacts with water to release a gas that either is flammable or presents a
health hazard. On mixing with water the substance produces heat, splattering or gas which is toxic or
flammable (possibly with enough temperature rise to ignite the gas). The reaction can be hydration of a
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small ion like a proton from an acid (sulfuric) or hydroxide from a base (sodium hydroxide), hydrolysis
of a weakly bonded ligand (chloride to silicon bond), protonation of a base like phosphide to form
phosphine or hydride to form hydrogen, oxidation of an active metal (sodium) to form hydrogen and
metal hydroxide or reduction of an oxidizer (fluorine) to form oxygen gas.
Work Area - A room or defined space in a workplace where hazardous chemicals are used, produced or
stored, and where employees are present.
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Annex 2-2. Quick Guide to Hazardous Chemical Risk Assessment
The following 7-step outline, extracted from the National Research Council's Prudent Practices in the
Laboratory: Handling and Disposal of Chemicals, provides a summary of the steps that laboratory
workers should use to assess the risks from handling toxic chemicals. Besides the MSDS, the
Prudent Practices Committee developed 88 Laboratory Chemical Safety Summaries (LCSSs) which
they believe provide more appropriate information for laboratory workers. A listing of these LCSSs
can be found at http://www.qrc.corn/hhmi/science/labsafe/lcss/.
1. Identify chemicals to be used and circumstances of use. Identify the chemicals involved in the
proposed experiment and determine the amounts that will be used. Is the experiment to be done
once, or will the chemicals be handled repeatedly? Will the experiment be conducted in an open
laboratory, in an enclosed apparatus, or in a fume hood? Is it possible that new or unknown
substances will be generated in the experiment? Are any of the workers involved in the
experiment pregnant or likely to become pregnant? Do they have any known sensitivities to
specific chemicals?
2. Consult sources of information. Consult an up-to-date MSDS or LCSS for each chemical
involved in the planned experiment. In cases where substances with significant or unusual
potential hazards are involved, it may also be advisable to consult more detailed chemical
references. Depending on the worker's level of experience and the degree of potential hazard
associated with the proposed experiment, it may also be necessary to obtain the assistance of
supervisors and safety professionals before proceeding with risk assessment.
3. Evaluate type of toxicity. Use the above information obtained to determine the type of
toxicity associated with each chemical involved in the proposed experiment. Are any of the
chemicals to be used acutely toxic or corrosive? Are any of the chemicals to be used irritants
or sensitizers? Will any select carcinogens or possibly carcinogenic substances be encountered?
For many substances, it will be necessary to consult the listings of carcinogens (see Appendix D)
to identify chemical similarities to known carcinogens. Are any chemicals involved in the
proposed experiment suspected to be reproductive or developmental toxins or neurotoxins?
4. Consider possible routes of exposure. Determine the potential routes of exposure for each
chemical. Are the chemicals gases, or are they volatile enough to present a significant risk of
exposure through inhalation? If liquid, can the substances be absorbed through the skin? Is it
possible that dusts or aerosols will be formed in the experiment? Does the experiment involve a
significant risk of inadvertent ingestion or injection of chemicals?
5. Evaluate quantitative information on toxicity. Consult the information sources to determine the
LD50 for each chemical via the relevant routes of exposure. Determine the acute toxicity hazard level
for each substance, classifying each chemical as highly toxic, moderately toxic, slightly toxic,
and so forth. For substances that pose inhalation hazards, take note of the threshold limit value
time-weighted average (TLV-TWA), short-term exposure limit (STEL), and permissible
exposure limit (PEL) values.
6. Select appropriate procedures to minimize exposure. Use the basic prudent practices for
handling chemicals, which are discussed in Chapter 4, for all work with chemicals in the
laboratory. In addition, determine whether any of the chemicals to he handled in the planned
experiment meet the definition of a particularly hazardous substance due to high acute toxicity,
carcinogenicity, and/or reproductive toxicity. If so, consider the total amount of the substance
that will be used, the expected frequency of use, the chemical's routes of exposure, and the
circumstances of its use in the proposed experiment. Use this information to determine whether
it is appropriate to apply the additional procedures for work with highly toxic substances and
whether additional consultation with safety professionals is warranted.
7. Prepare for contingencies. Note the signs and symptoms of exposure to the chemicals to be used
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in the proposed experiment. Note appropriate measures to be taken in the event of exposure
or accidental release of any of the chemicals.
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Preliminary Chemical Hazard Assessment Form †
Chemical: _________________________________
Risks = Hazards X the Probability of Exposure
Hazards:
Health Hazards (check hazards that apply):
__ Carcinogen
__ Corrosive
__ Irritant
__ Sensitizer (allergy producer)
__ Target Organ Effect
__ Hepatotoxin (liver)
__ Nephrotoxin (kidney)
__ Neurotoxin (nervous system)
__ Agent which acts on the Hematopoietic
System (blood-forming cells)
__ Agent which Damages the Lungs
__ Reproductive Toxin
__ Teratogen (affects unborn)
__ Mutagen (chromosomal changes)
__ Cutaneous Hazard (skin)
__ Eye Hazard
Others (list) __
__ Toxic
__ Highly Toxic

__ Combustible Liquid
__ Compressed Gas
__ Explosive
__ Flammable
__ Aerosol, Flammable
__ Gas, Flammable
__ Liquid, Flammable
__ Solid, Flammable
__ Oxidizer
__ Organic Peroxide (oxidizer and fuel) __
Pyorphoric
__ Unstable (reactive)
__ Water-Reactive
__ Flammable Hazards
Formed:
__ Health Hazards
Formed:
(repeat assessment for any other
flammable or health hazards formed)

Physical Hazards (check hazards that apply):
Risks = Hazards X the Probability of Exposure
Risks:
Acute Health Effects
Chronic Health Effects
(check / list acute symptoms of exposure):
(check / list chronic effects):

__ Irritation
__ Burning
__ Nausea
__ Dizziness
__ Difficulty
__ Breathing
__ Sensitization (allergies)
__Others (list):

__ Cancer
__ Teratogenesis (effects on unborn)
__ Mutagenesis (chromosomal changes)
__ Others (list): _____________________

Physical Effects (check / list physical effects):
__ Fire
__ Explosion
__ Excessive Temperature
__ Release of Pressure
__ Release of Toxic/Flammable Gases/Vapors
__ Others (list): ___________________

†

this form was developed by the University of Arizona's Department of Risk Management & Safety
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Risks = Hazards X the Probability of Exposure
Factors Indicating the Degree of Hazard or the Probability of Exposure
Also Consider: The number of individuals exposed, their individual susceptibility, and the manner
of use, storage and disposal
(place "X's" in the appropriate boxes)
Indicators
AcuteHealth
Hazard
Indicators

Factors
Corrosivity (pH,
oxidizer status)

Toxicity(LD50)
oral, rat (mg/kg)

Chronic Health
Hazard Indicator
Exposure
Hazard
Indicators

inhalation, rat
(ppm)
Excretion
(bio. half-life)

†

>5000
>10,000

500-5000
1,000-10,000

50-500
100-1,000

1-50
10-100

<1
<10

minutes

hours

days

weeks

years

Quantity

intermediate
quantities and
conc.

small quantities
low conc.
Physical Form

Flammable
Hazard
Indicators

LESS RISKY►►►►►►►►►►►►MORE RISKY
pH 3-5
pH 1-3 or
pH
pH <1 or
pH 6-9 OR
12-14
or 10-12
5-6
>14 OR
not an
OR
or 9strong oxidizer
oxidizer
moderate
10
oxidizer

Solids,
granules

liquids

dusts/mists

Routes of
Exposure

Ingestion

Detection/
Warning
Properties

appearance,

establish
ed
odor/irrit
ation
levels,
odor/irritatio
n
less than
PELTTLV

odor/irritation,

Vapor
Pressure
(mmHg @20°C)

<1

1-10

Exposure
Limits
(PEL or TLV)†

>1000 ppm

VaporHazard
Ratio‡
Flash Point (°F)
Flammable
Range
(0-100%)

ppm = (mg/M3)(24.45/MW)

large
quantities,
high conc.
vapors,
fume

skin contact,
ingestion

gases
inhalation,
skin contact,
ingestion

10-100

odor/irri
ta-tion
levels
not
established
odor/irri
tation
levels
above
PEUT
LV
100-760

760

100-1000
ppm

10-100 ppm

1-10 ppm

<1 ppm

<10

10-1000

1000-10,000

>200
narrow
flamma- ble
range,
flamabie
range in
higher
percentage
range

150-200

100-150
intermediat
e
flammabl
e range
flammable
range in
middle
percentage
range
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10,000'
100,000
0-100

analytical
methods

>100,000
<0
broad
flammable
range,
flammable range
in lower
percentage
range
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‡

[(VP at temp. of use)(10)/atmospheric pressure]/TLV or PEL
is 760 @ sea level)

(atmospheric pressure
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Degree of Hazard Chart
Factor Measure
Reactivity
Oxidizer
Reducer
Acid

Electropotential, Acidic
Electropotential, Basic
- log10([H3O+][A-]/[HA]),
pKa
- log10([OH
][BH+]/[B],
Base
pKb
Aqueous pH, Acid
Aqueous pH, Base
Flammability
Flash Point, °C
Auto-ignitionTemperature
°C
FlammabilityRange
U.E.L. - L.E.L. %
WaterReactivity
Observation
Self-Reactivity
Energy/mass, kJ/g
Reaction Energy / Heat Capacity
°C

Slight

Low

Moderate

High

Dangerous

<0.5
<0.75
>6

0.75
i .00
5

1
1.25
4

1.25
1.50
3

> 1.5
> 1.75
<2

5

4

3

>6
> 3.5
<10
> 75
> 850
10
hydrates
<0.25
<50

2.5
11
50
650
30
warms
0,5
100

1.5
12
25
450
50
heating
1.0
150

<2

0.5
<- 0.5
13
>14
0
<- 25
250
<50
70
90
splatters gas/ignitio
2.0
>4.0 n
200
> 250

Molar heat capacity for solids is ~ 1 Jig °C x [sum]Mw (g/mole), use J/mole for reaction energy. Heat
capacity of water is 4.18 kJ/liter °C, organic solvents are - 1.6 kJ/liter °C
Toxicity
Inhalation
LC50 x t, ppm-Hr
> 10,000
5,000
2,000
6,00
<200
Hazard
Ingestion, Oral
LD50 mg/Kg animal
>5,000
1,500
500
150
<50
Occupational
Log10 [STEL/vp]
>0
-1
-2
-3
<- 4
Bio half-life
½ burden excreted, days
<0.2
2
20
200
> 2000
Mobility
Vapor
mm of Hg
<2.5
10
45
180
> 760
pressure@25°C
Gage Pressure(cylinders)
Atmosphere
0
5
20
100
>250
Amount of
grams
<0.1
1
10
100
>1000
Something
somethingdangerouDangerous
s
Viscosity,
Stoke (cm2/sec)
> 10
1
0.1
0.01
<0.001
kinematic
(of something dangerous)
glycerol = 9
octanol . 0.1
H20 = 0.009
Hg = 0.0011
Friability,low
Melting Point in °C
<60
150
250
density, high MP, brittle, non-compact, organic crystal
†
Acid pKa and base pKb (14- pKa) hazard assessed for the case of skin or eye contact with undissolved
material. Hydrofluoric and acetic acids are more dangerous that their pKa's indicate. Skin is more
sensitive to aqueous base than acid, thus the factor of 3 (0.5 log) off-set.
§
Use of electropotential is out of the hazard context of an oxidizer or reducer. It's oxidizer with
cellulose and reducer with oxygen in air that is a better context. Potential is what is more widely
available. Some markers: Acidic Oxidizers -- quinone: 0.70; nitric: 0.93; oxygen: 1.23;
dichromate: 1.23; bromate: 1.42; permanganate: 1.68; peroxydisulfate: 2.0; fluorine: 2.87.
Basic Reducers -- ferrous hydroxide: 0.56; sulfite: 0.93; phosphite: 1.05; borohydride: 1.24; zinc:
1.25; phosphorus: 1.71; aluminum: 2.31; lithium: 3.04
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Annex 2-3. Explanation of Material Safety Data Sheet Information
Although OSHA does not mandate a specific MSDS format, the use of the 16-section American National
Standards Institute (ANSI) MSDS has increased because it's easy to use and the form helps companies
meet international requirements. The Chemical Manufacturers Association worked with OSHA and
ANSI to develop the format. A standardized format enables supervisors, employees and emergency
responders to find detailed, consistent information about workplace chemicals. Lets look at the type of
information found in each of the sections of an ANSI-format MSDS (cf. ANSI Z400.1-2004).
Section 1. Chemical, Product and Company Identification
This section tells the name of the chemical as it appears on the container label. The name on the
MSDS will always be the same as the name on the container label, providing a direct link of the
chemical to the MSDS. Also listed is the name and address of the manufacturer and an emergency phone
number where questions about toxicity and chemical hazards can be directed. A common emergency
number found is for CHEMTREC, a center established by the Chemical Manufacturers Association.
Their 24-hour, toll-free number is 1-800-424-9300.
If one generic MSDS is used to cover various grades of a material, all grades must be listed as well
as known synonyms. If an optional number or code is used by the manufacturer to help identify the
MSDS, it should appear in this section and on every page of the MSDS. Remember, thousands of
materials with many similar names are found in workplaces. A mistake on the supplier's part in sending
you the wrong MSDS needs to be caught immediately before you put your trust in the wrong
information.
Section 2. Hazard Identification
This section is divided into two parts. The first part describes the material's physical appearance and
provides the most significant immediate concerns for emergency personnel. Examples include:
Chlorine is a greenish-yellow gas with a pungent,
suffocating odor. It is a highly toxic and corrosive
gas which is irritating to the eyes and mucous
membranes. Although noncombustible, it is a
strong oxidizer and supports the combustion of
other organic materials. It is an extremely reactive
and explosive gas. Chlorine reacts with many
common substances such as acetylene, ammonia,
hydrogen, ether, fuel gas, hydrocarbons,

Sweet smelling clear liquid. Evaporates
quickly at normal temperatures. High
concentrations in immediate area can reduce
oxygen and result in dizziness, unconsciousness,
and even death with longer exposures. Keep
people without self-

contained breathing apparatus out of area. Not a
fire hazard in open areas. Water fog can be used
on fires. Contain large spills and keep liquid
turpentine,
and
finely
divided
metals.
out of water
sources.
This information is important to both workers and emergency
responders
since it describes a chemical's

normal appearance and odor and describes how the chemical will behave when it is released. Workers are
expected to be trained in recognizing a chemical's hazard.
The second part of this section provides information on the most significant immediate concerns
including emergency overview, OSHA regulatory status, potential health effects and symptoms
associated with exposure to the material, and potential environmental effects.
Here is a list all the routes of entry (i.e., eye, skin, inhalation, ingestion) pertinent to this material
and it also lists the actual health hazard of the chemical, both acute (effects that show up immediately
after exposure) and chronic (effects that develop over time, usually following prolonged exposure). If
the material is Particularly Hazardous and considered a confirmed or suspected carcinogen by IARC,
NTP, or OSHA, a teratogen (causes physical defects in a developing embryo or fetus), a mutagen
(causes genetic mutations), toxic to aquatic life or a danger to the environment, this fact may be
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included here or in other sections of the MSDS.
Signs and symptoms of exposure are noted here. They can range from minor skin irritation to chronic
lung disease. Some chemicals may harm a target organ such as the heart, liver, lungs, etc. Chronic
effects are particularly dangerous because workers may not experience discomfort in the presence of the
material but may develop severe health problems later in life as a result of the exposure. There is a
possibility that exposure to some chemicals will aggravate preexisting medical conditions such as heart or
respiratory problems. Remember, sickness and even death from improper exposure can be prevented if
workers are aware of the potential hazards before they use a chemical.
Section 3. Composition, Information on Ingredients
This section describes what is hazardous in the chemical. It identifies the chemical by both its common
and scientific name. If it is a chemical compound, this section describes the percent composition of the
substance, listing chemicals present in the mixture which contribute to its hazardous nature. Otherwise, it
lists all carcinogens and ingredients making up more than 1%. This section may also include the
chemical family or group of chemicals with related physical and chemical properties, the chemical
formula, and the Chemical Abstract Services (CAS) Registry number.
The chemical's exposure limits are also listed here. There may be several values and types of limits.
The most common are: Permissible Exposure Limit (PEL), Time Weighted Average (TWA),
Threshold Limit Value (TLV), Short Term Exposure Limit (STEL) and Ceiling Limit (CL). OSHA
and other organizations establish exposure limits. OSHA sets the permissible exposure limit (PEL). The
threshold limit value (TLV) is recommended by the American Conference of Governmental Industrial
Hygienists (ACGIH). Both the PEL and TLV specify the maximum amount of exposure a worker can
have to a substance averaged over an 8-hour workday. The limits are usually expressed in parts per
million parts of air (ppm) or milligrams of dust or vapor per cubic meter of air (mg/m1). OSHA's PEL is
the enforceable standard while others are recommendations and may be different than OSHA. When
comparing hazards, the lower the ppm value, the more hazardous the chemical. Thus, a chemical with
a PEL or TLV of 2 ppm is far more hazardous than one listed as 200 ppm. The PEL is often expressed
as a time weighted average (TWA). TWA is a technique for averaging individual variant
measurements over an 8-hour workday. The short term exposure limit (STEL) is a term used by the
ACGIH to express the maximum concentration most workers can tolerate for a 15-minute exposure period
without adverse effects (with a maximum of four periods a day and at least 60 minutes between
exposure periods). The ACGIH also establishes a ceiling limit (CL), the exposure limit that should
never be exceeded, even instantaneously.
If established, the chemical's exposure limits are listed. Some compounds may not have an established
exposure limit and this would be blank. If the MSDS shows "8-hr TWA: 100 ppm or 300 mg/m3" it is a
guideline establishing an exposure limit which should not be exceeded when averaged over an 8-hour
workday. If the MSDS shows "STEL: 100 ppm" it is a guideline for an exposure level not to be
exceeded over a 15-minute continuous exposure. A "skin" notation means that skin exposure is
significant in contributing to the overall exposure. These exposure levels are set for healthy adult
workers, based on the average 150-pound male, age 25 - 44. Lower exposure levels may be necessary
for workers at higher risk (e.g., those who are young or elderly, pregnant, smokers, etc.) or for those
who have already been exposed to other materials for which exposure limits have been set. Exertion
increases the effects of exposure. Exposure to more than one hazardous substance at a time may be
especially harmful because the combined effects of more than one material may be more damaging than
the additive effects of each material. Thus, both smoking and asbestos can cause lung cancer; however,
if a smoker is also exposed
to asbestos, the danger of lung cancer is far greater (e.g., by a factor of 10) than just adding the
separate risks from the two exposures.
Section 4. First Aid Measures
This describes medical and first aid treatment for accidental exposure by route of exposure (i.e.,
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inhalation, skin, eye, ingestion). Clear instructions including known antidotes that may be
administered by a lay person or specially trained health care professional will be indicated. In
accidents, give a copy of the MSDS to attending physicians. A subsection entitled Note to Physicians
may also be found here. This will provide specific medical information on treatment and diagnostic
procedures which trained medical personnel can apply.
Section 5. Fire Fighting Measures
This section describes the fire and explosive properties of the material, the proper extinguishing
materials, and the precautions and procedures to safely and effectively fight the fire. If a chemical has a
high fire or explosion potential, the work area should be inspected carefully before it is used and all
ignition sources should be removed.
The flammable properties combined with the physical and chemical properties give a good
indication of how hazardous a material is in a fire situation. The flash point of a chemical is the lowest
temperature at which the chemical's vapors are concentrated enough to ignite if an ignition source is
present. The lower the flash point, the more dangerous the material. Gasoline's flash point is - 45 "F. The
autoignition temperature is the lowest temperature at which a liquid will give off enough flammable
vapors or heat energy to ignite and burn by itself. Thus, it tells how hot a material must be before it will
set itself on fire without a flame or spark. Other properties include the upper and lower flammable
limits, the concentration in the air between which the substance is likely to ignite, and the upper and
lower explosion limits (UEL and LEL), the minimum and maximum concentration of the chemical's
vapor in the air where an explosion could occur.
With most fires, often the greatest danger to human life comes not from the heat of the fire, but
from the toxic smoke that can quickly fill a work area. Known or anticipated hazardous products of
combustion would be listed here. Thus, carbon disulfide, when burned, produces toxic gases and
irritants, including carbon monoxide and sulfur oxides.
There is also a discussion of the best way to safely and quickly extinguish fires. Some burning
materials may react with water and are best smothered with foam, carbon dioxide gas, or a dry
chemical.
Certain chemicals may also present unusual fire hazards (e.g., strong oxidizer, explosive potential), these
would be discussed here.
Section 6. Accidental Release Measures
Spill, leak, and response procedures for emergency responders and environmental professionals as well as
evacuation procedures, containment and cleanup techniques, and other emergency advice to protect the
health and safety of the responders as well as the environment.
Section 7. Handling and Storage
Information for employees, health and safety professionals, and employers on safe handling practices and
storage procedures for the substance. Under safe handling, the precautions listed are specific for the
material's unique properties. There may be general warnings, "Do not breathe dust" and general
practices to prevent continued exposure, "Practice good personal hygiene after using this material,
especially before eating, drinking, smoking, using the toilet, or applying cosmetics." Handling practices,
such as how to prevent vapor release, the need for a totally enclosed system, and recommendations to
prevent injury would also be found here. Information like, "To avoid sudden release of pressure, loosen
closure cautiously before opening" and "To reduce potential for static discharge, bond and ground
containers when transferring materials" are warnings about the substance which must be followed.
Information about appropriate storage practices, including explanations of necessary storage conditions to avoid damage to containers, contact with incompatible materials and subsequent dangerous
reactions, evaporation or decomposition of stored material, or flammable and explosive atmospheres
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in the storage area. Examples of specific storage procedures to avoid dangerous conditions include,
"Keep away from oxidizing materials," "Keep containers closed, store in the dark at temperatures less than 20
°C (68 °F)," and "Protect these containers from physical damage, shield them from direct sunlight, and maintain
their temperature at less than 38 °C (100 °F)."
Section 8. Exposure Controls / Personal Protection
Methods that safety professionals and employers can employ for reducing worker exposure to hazardous
materials are presented. Control measures are often divided into engineering and administrative
controls.
Engineering controls include things like ventilation, process controls (e.g., isolation, enclosure, etc.),
sampling devices and concentration monitoring. These are important because they do not require any
action by the workers to be protected. Administrative controls include training, labeling, warning
devices, operating procedures, etc. Administrative controls require the workers to take an active part in
their safety. Guidance for appropriate personal protective equipment (PPE) is also found here. PPE is
discussed in greater detail in Chapter 4. Protection of the workers is the employer's responsibility. To
accomplish this, employers must provide engineering and administrative controls and PPE. The workers
must be trained to use the right PPE correctly. Employees are responsible for handling chemicals as
instructed and using the PPE provided. Both managers and workers are responsible for insuring protection systems are inspected and properly maintained to provide the proper amount of protection.
Section 9. Physical and Chemical Properties
This section lists the physical and chemical properties that characterize the material. Physical data
such as evaporation rate, vapor density, etc. is important because it tells what circumstances
(e.g., temperature) could change a chemical's normal state. It can also be used to determine
conditions for exposure and allow workers to judge how a chemical will react to changes in condition
and how it will disperse into the atmosphere. For example, certain kinds of jobs could increase the
temperature in the work area and that could change the chemical and its hazards. Some of the
common characteristics listed for a chemical are:
 Appearance/Odor - color, physical state at room temperature, size of particles, consistency, odor, etc.
Odor threshold refers to the concentration required in the air before vapors are detected or
recognized.
 Melting Point - the temperature at which a solid begins to change to a liquid
 Boiling Point - the temperature at which liquid changes to a gas or to its vapor state
 Evaporation Rate - how fast the chemical turns into a vapor, usually expressed as a time ratio with
ethyl ether (or butyl acetate) = 1, unless otherwise specified. A chemical with a higher number
evaporates faster; one with a lower number evaporates slower.
 Solubility in Water - the percentage of material that will dissolve in water, usually at ambient
temperature. Since much of the human body is made of water, water soluble substances are more
readily absorbed and distributed.
 Specific Gravity - the ratio of volume weight of material to equal volume weight of water (water =
1).
 Vapor Density - the weight of a gas or vapor compared to the weight of an equal volume of air (air
= 1). A vapor density greater than 1 indicates it is heavier than air, less than 1 indicates it is lighter
than air (i.e., it will rise in air). Vapors heavier than air can flow just above ground, where they may
pose a fire or explosion hazard or may displace breathable air.
 Vapor Pressure - a measure of how volatile a substance is and how quickly it evaporates. For
comparison, the VP of water (at 20 °C) is 17.5 mm Hg, Vaseline (nonvolatile) is close to 0 mm Hg, and
diethyl ether (very volatile) is 440 mm Hg. The higher the number the faster it evaporates.
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 Viscosity - internal resistance to flow exhibited by a fluid, normally measured in centiStoke time or
Saybolt Universal Secs.
Section 10. Stability and Reactivity
There are many different ways that materials may react with one another. Some substances are
unstable and can react with other substances or under specific kinds of situations and/or changes in
conditions (e.g., temperature, humidity, light, etc.). The MSDS would list materials and circumstances that
could be hazardous when combined with the material covered by the MSDS.
The MSDS will warn about the possibility of reactions and the conditions that create them. Some
unstable chemicals will react when the temperature changes, or when they are exposed to sunlight, air, or
water. Many chemicals will react violently when exposed to water. If the chemical is incompatible with
another chemical, the MSDS lists the materials so they are not stored in close proximity and they are
kept far apart on the job. For example, if the material reacts with metal, it should be stored on
nonmetal shelves. If the material reacts with natural rubber, you shouldn't wear a respirator or gloves
made of natural rubber or use a rubber stopper to close the bottle.
Decomposition products or hazardous byproducts, such as toxic gases that the chemical could
generate, along with their hazards, are also listed here. It is common knowledge that mixing bleach
(sodium hypochlorite) with an acid gives off toxic and irritating chlorine gas; bleach mixed with an
ammonia solution produces toxic and irritating chloramines. Polymerization is also a reactivity
hazard. In this instance the material changes form usually releasing a lot of heat.
Knowledge of the physical and chemical properties and a chemical's stability and reactivity
potential can be used in selecting proper personal protective equipment, storage or shelving, and
choice of containers.
Section 11. Toxicological Information
Here information on toxicity testing of the material and / or its components is discussed. Usually the
information reflects animal testing, although some human data will be available if accidental human
poisonings have occurred and the exposure amounts are known, or if epidemiological studies have been
conducted. The information is intended for medical and health and safety professionals. Data includes
acute, sub-chronic, and chronic studies through various routes of exposure (inhalation, ingestion, skin,
etc.). A typical example of data might be "Rat, Oral, LD50: 200 mg/kg" which means that 200 milligrams
of the chemical per each kilogram of body weight is the lethal dose that killed 50% of a group of test rats
following oral administration. These data are then used to help estimate the degree of hazard to humans.
Section 12. Ecological Information
This information assists in evaluating the effect a chemical may have if it is released to the environment.
Eeotoxicity data may include information on acute and long-term toxicity to fish and invertebrates, or
plant and microorganism toxicity. Chemical behavior in the air, soil, or water is also important data when
evaluating environmental contamination. Other information may include persistence and degradation,
soli mobility, bioaccumulation, and photolytic (i.e., decomposition by light) stability.
Section 13. Disposal Considerations
The MSDS provides proper disposal information for environmental professionals or persons
responsible for waste management activities. The information may include special disposal methods
or limitations per Federal, state, or local regulations, and waste management options (e.g., recycling,
reclamation) and may include RCRA waste classification and / or EPA waste identification numbers
and descriptions.
Section 14. Transportation Information
This section provides basic classification information and special precautionary information to help a

Laboratory Safety Guide

58 Understaning Chemical Hazards
knowledgeable user prepare the material for shipment. It is not intended to contain every regulatory
detail involving the transportation. If the material is regulated, shipping information includes DOT
hazardous materials description / proper shipping name, hazard class, and identification numbers. This
information helps shippers properly prepare materials for shipment.
Section 15. Regulatory Information
Regulatory information useful for employers and personnel to assure compliance with health, safety and
environmental regulations is listed. This includes reportable quantities (RQ) for spills or discharges and
threshold planning quantities (113Q). All of this helps management to comply with various regulatory
requirements. The content and organization of this section depends on where the material is manufactured or used, but is not intended to be a comprehensive list of all regulations that may apply.
Section 16. Other Information
This section provides a location for additional information that may be useful. It may include label text,
a list of references, keys/ legends explaining abbreviations used in the MSDS, or preparation and
revision indicators. Hazard ratings defining the acute health, flammability, and reactivity hazards of a
material may also be included.
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Annex 2-4. HMIS and NFPA Label Rating Systems
There are two major labeling systems in use. The Hazardous Materials Information
System pertains to routine uses and the NFPA (diamond) pertains to hazards of the
chemical in a fire situation. Both systems use numbers to rate the hazard level, 0
being a minimal hazard, 4 being an severe hazard.
Hazardous Materials Information System (HMIS)
I. Health Hazard Rating (blue)

HEALTH
FLAMMABILIT
Y
REACTIVITY
PERSONAL PROTECTION

0 Minimal – No significant risk to health.
1 Slight - Irritation or minor reversible injury possible.
2 Moderate - Temporary or minor injury may occur.
3 Serious - Major injury likely unless prompt action is taken and medical treatment is given.
4 Severe - Life-threatening, major or permanent damage may result from single or repeated exposures.
II. Flammability Hazard Rating (red)
0 Minimal - Materials that are normally stable and will not burn unless heated.
1 Slight - Materials that must be preheated before ignition will occur. Flammable liquids in this category
have flash points (the lowest temperature at which ignition can occur) at or above 93.4 °C [200 °F
(NFPA Class MB)].
2 Moderate - Materials that must be moderately heated before ignition will occur, including flammable
liquids with flash points at or above 37.8 °C (100 °F) and below 93.4 °C [200 °F (NFPA Class II and
Class IIA)].
3 Serious - Materials capable of ignition under almost all normal temperature conditions, including
flammable liquids with flash points below 22.8 °C (73 °F) and boiling points above 37.8 °C (100 °F)
and liquids with flash points between 22.8 °C (73 °F) and 37.8 °C [100 °F (NFPA Class IB and IC)].
4 Severe - Very flammable gases or very volatile flammable liquids that have their flash points below
22.8 °C (73 °F) and boiling points below 37.8 °C [100 °F (NFPA Class 1A)].
III. Physical Hazard Rating (orange)
0 Minimal - Materials that are normally stable, even under fire conditions and will not react with water.
1 Slight - Materials that are normally stable, but can become unstable at high temperatures and
pressures. These materials may react with water, but they will not release energy violently.
2 Moderate - Materials that, in themselves, are normally unstable and that readily undergo violent
chemical change, but will not detonate. These materials may also react violently with water.
3 Serious - Materials that are capable of detonation or explosive reaction but which require a strong
initiating source or which must be heated under confinement before initiation; or materials that react
explosively with water.
4 Severe - Materials that are readily capable of detonation or explosive decomposition at normal
temperatures and pressures.
IV. Chronic Effects Information
Chronic health effects are not rated because of the complex issues involved and the lack of standardized
classifications and tests. However, based on information provided by the manufacturer/supplier, chronic
effects may be indicated by (1) use of an asterisk (*) or other designation after the Health hazard rating
corresponding to other information that may be available; or (2) written warnings in the upper white
section of the HMIS label.
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V. Personal Protective Equipment
Information provided by the manufacturer/supplier is used to determine the proper
personal protective equipment. This is represented by a letter coding system which
refers to a series of protective equipment configurations. In some instances, icons
may be used instead of the codes. Although use of icons is not endorsed by HMIS,
the icons are more specific than having employees try to remember a bunch of
codes or consult a chart, something that could lead to confusion and/or a fatal
accident.
NFPA
Hazard Rating- Fire Diamond
I. Health Hazard (Blue). Degree of hazard; level of short-term protection.
0 Ordinary Combustible Hazard in a Fire
1 Slightly Hazardous
2 Hazardous
3 Extreme Danger
4 Deadly
II. Flammability (Red). Susceptibility to burning.
0 Will Not Burn - Any material that will not bum in air when exposed to a
temperature of 815.5 °C (1500 °F) for a period of 5 minutes.
1 Will Ignite if Preheated - Materials that will bum in air when exposed to a
temperature of 815.5 °C (1500 °F) for a period of 5 minutes or less; liquids, solids, and semi-solids
having a flash point above 93.4 °C 11200 °F (i.e., Class IIIB combustible liquids)].
2 Will Ignite if Moderately Heated - Liquids having a flash point above 37.8 °C (100 °F), but not
exceeding 93.4 °C [200 °F (i.e., Class II and Class IIIA combustible liquids)]; solid materials in a dust,
fibrous, or shredded form that may bum rapidly or readily give off flammable vapors, but do not form
explosive atmospheres with air.
3 Will Ignite at Ambient Conditions - Liquids having a flash point below 22.8 °C (73 °F) and having a
boiling point at or above 37.8 °C (100 °F) and those liquids having a flash point at or above 22.8 °C
(73 °F) and below 37.8 °C [100 °F (i.e., Class IB and Class IC flammable liquids)]; materials that can
form explosive mixtures with air and materials that bum with extreme rapidity.
4 Burns Readily at Ambient Conditions - Flammable gases; flammable cryogenic materials; any
liquid or gaseous material that is liquid while under pressure and has a flash point below 22.8 °C
(73 °F) and a boiling point below 37.8 °C [100 °F (i.e., Class IA flammable liquid)]; materials that
ignite spontaneously when exposed to air.
III. Reactivity, Instability (Yellow). Energy released if burned, decomposed, or mixed.
0 Stable Even Under Fire Conditions and Not Reactive with Water
1 Unstable if Heated
2 Violent Chemical Change
3 Shock and Heat May Detonate
4 May Detonate at Normal Temperatures and Pressures
IV. Special Hazard (White).
OX = Oxidizer

COR = corrosive (either acid or base)

ACID = acid (pH <7.0)

ALK = alkaline or base, caustic (pH > 7.0)
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W= Use No Water, reacts!

= poison / highly toxic

= explosive metal

-- = No Special Hazard
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Chapter 3
Environmental Health and Safety Regulations
The preamble to the U.S. Constitution states:
"We the People of the United States, in Order to form a more perfect Union,
establish Justice, insure domestic Tranquility, provide for the common defence,
promote the general Welfare, and secure the Blessings of Liberty to ourselves
and our Posterity, do ordain and establish this Constitution for the United States
of America."
This clearly shows that protecting the people and the environment is a responsibility of
the government. This responsibility is exercised by all three branches of government
(i.e., executive, legislative, and judicial branches). One of the first laws asserting that
responsibility was the Pure Food and Drug Act of 1906 which was adopted "For
preventing the manufacture, sale, or transportation of adulterated or misbranded or
poisonous or deleterious foods, drugs, medicines, and liquors, and for regulating traffic
therein, and for other purposes."
Over the past 100 years, there has been a proliferation of environmental health and
safety laws, regulations, and local ordinances that affect chemical usage. While these all
have the same "protective" goal, specific laws and their application may vary from
state to state and even among federal regulatory regions.
In some cases, a
state agency has
been authorized to
enforce a federal
law.

Health and safety laws include federal, state and local rules and regulations. These
are administered by federal agencies like the US Occupational Safety and Health
Administration (OSHA), US Environmental Protection Agency (EPA) and their
Wisconsin counterparts, the Wisconsin Department of Commerce (DComm) and the
Wisconsin Department of Natural Resources (DNR), respectively. Each year, the
University is inspected by at least one of these agencies for compliance. Additionally,
the City of Madison Fire Department (MFD) enforces fire codes, and the Madison
Metropolitan Sewerage District (MMSD) regulates the use of the sanitary sewer.
Compliance with these laws is everyone's responsibility. The University Chemical
Safety Committee and other campus safety committees (cf., Chapter 1) review policies
and procedures to comply with these laws. The Safety Department submits environmental
reports, investigates complaints and acts as the University's regulatory contact for
inspectors on campus. Workers apply the rules in their daily work.

A major responsibility
of the UW Safety
Department is to
help you and the
University comply
with chemical and
environmental
safety laws.

While it is not necessary for each individual to be an expert in all these rules, an
understanding of the basic features of these rules and implications will enable you to
insure that chemicals used in University laboratories complies with the standards
which regulate use, storage and disposal of hazardous materials. To give you a better
understanding of the rules, this chapter is divided into four sections:
 Laws that pertain to the safe use and storage of chemicals in laboratories
 Laws that cover the disposal of chemicals and chemical wastes, including
disposal into the sanitary sewer


Chemical spill and release laws that require prevention, response planning and
notification of chemical spills or releases to the environment



Other environmental laws that pertain to routine or incidental releases of
chemicals to the environment
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This Laboratory
Safety Guide will
help you understand
and comply with
chemical and
environmental safety
laws.

This chapter will help you understand and comply with the rules and regulations
because, while individual safety is not always compromised, noncompliance with these
laws can have serious repercussions. Some laws allow both civil and criminal penalties.
Some allow citizens and organizations to sue for compliance, without even the
involvement of a government agency. If you use chemicals or are responsible for people
who do, you may be held personally liable. Thus, it is important that we work together
to ensure the safe use, storage and disposal of chemicals, and maintain compliance with
these laws.
Additionally, while faculty, staff and students do many things to protect the environment,
the Safety Department occasionally receives complaints from the local community. We
respond to and correct any problems we find, but sometimes the problem is one of
perception, when a release or activity only appears to harm or threaten the
environment. The solution is communication. If it is necessary to make a release that
may result in some temporary aesthetic degradation of the environment, please tell
Safety of your plans. We can then answer questions from the public or the DNR. If
possible, try to prevent aesthetic degradation of the environment. When planning your
work, consider how that activity might appear to the public or news media. Be sensitive to
their perspective. You can call the Safety Department for an explanation of
environmental laws or advice on preventing harm to health, property or the
environment. So, if you have a question about compliance or chemical and
environmental safety laws or know of a potential compliance problem, call the Safety
Department's Chemical and Radiation Protection Section.
3.1 Occupational Safety and Health Administration (OSHA)
Workers expect to work in a safe environment and be able to retire in relatively good
health. That was not always the case. A classic example of workplace risks is
alluded to in the character of the Mad Hatter, from Alice in Wonderland. Few people
who read the phrase today realize that there's a story of human suffering behind it; the
term actually derives from an early industrial occupational disease.
Felt hats were once very popular in North America and Europe. The best sorts were
made from beaver fur, but cheaper ones used furs such as rabbit instead. A complicated
set of processes was needed to turn the fur into a finished hat. With the cheaper sorts of
fur, an early step was to brush a solution of a mercury compound - usually mercurous
nitrate - onto the fur to roughen the fibers and make them mat more easily, a process
called carroting because it made the fur turn orange. The fibers were then shaved off
the skin and turned into felt which was later immersed in a boiling acid solution to
thicken and harden it. The finishing processes included steaming the hat to shape and
ironing it. In all these steps, hatters working in poorly ventilated workshops would breathe
in the mercury compounds and accumulate the metal in their bodies.
We now know that mercury is a cumulative poison that causes kidney and brain damage.
Physical symptoms include trembling (known at the time as hatter's shakes), loosening
of teeth, loss of coordination, and slurred speech; mental ones include irritability, loss of
memory, depression, anxiety, and other personality changes. This was called mad hatter
syndrome. It's been a very long time since mercury was used in making hats, and now all
that remains is a relic phrase that links to a nasty period in manufacturing history. But mad
hatter syndrome remains common as a description of the symptoms of mercury poisoning.
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The Occupation Safety and Health Act of 1970 established Occupational Safety and
Health Administration (OSHA). The mission of OSHA is to save lives, prevent injuries
and protect the health of America's workers. OSHA aims to ensure worker safety and
health by working with employers and employees to create better working environments.
Since its inception in 1971, OSHA has helped to cut workplace fatalities by more than 60
percent and occupational injury and illness rates by 40 percent.
Why do accidents happen? OSHA accident investigation show that exposures to toxic
agents in the laboratory can have severe consequences, including death and these
injuries can occur in any type of laboratory where toxic chemicals are handled. However,
most all chemical injuries would be preventable if:


if these people had had the proper equipment,



if they had been using the proper techniques and



if they had had adequate knowledge,

Thus, it is no surprise that the OSHA regulations put the major responsibility for
accident prevention on the employer. Some of the specific employer responsibility laid
down in Part 1926.21(b) of the OSHA regulations include:

The employer shall instruct each employee in the recognition and avoidance of
unsafe conditions and the regulations applicable to his work environment to control
or eliminate any hazards or other exposures to illness or injury [1926.21(b)(2)].

Employees required to handle or use poisons, caustics, and other harmful
substances shall be instructed regarding the safe handling and use, and be made aware
of the potential hazards, personal hygiene, and personal protective measures required
[1926.21(b)(3)].

In job site areas where harmful plants or animals are present, employees who
may be exposed shall be instructed regarding the potential hazards, and how to avoid
injury, and the first aid procedures to be used in the event of injury [1926.21(b)(4)].

Employees required to handle or use flammable liquids, gases, or toxic materials
shall be instructed in the safe handling and use of these materials and mad aware of
the specific requirements contained in this part [1926.21(b)(5)].
The State of Wisconsin agency which implements OSHA rules and regulations is the
Department of Commerce (DComm). The City of Madison and Dane County also
issue certain workplace standards to protect workers.
You don't want to
harm:
 other persons
 e n vi ron men t
 yourself
 property
 your experiment or
work

Refer to Appendix
B for more information about the
OSHA Lab
Standard.

Thus, health and safety rules are promulgated by many government agencies. These
are designed to protect workers and the environment from injury by hazardous materials by
addressing a broad spectrum of chemicals or from a large number of similar types of
pollution (e.g., pesticides, car emissions, etc.). People support prudent and safe
practice laws, but sometimes one might feel that the broad spectrum of regulatory
requirements do not distinguish scientifically among the varying levels of risk
presented by some substances and procedures. Let’s look at some of the rules.
3.1.a OSHA Laboratory Standard
Beginning in the early 1970s, groups and individuals representing laboratories
contended that the existing OSHA standards were designed to protect workers from
exposure conditions in industry and were inappropriate for the very different
exposure conditions in research laboratories. To correct this situation, OSHA developed
a special regulatory section specific for laboratories. This Laboratory Standard,
Occupational Exposure to Hazardous Chemicals in Laboratories, is often referred to as
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Every laboratory
must be included
in a Chemical
Hygiene Plan.

the OSHA Laboratory Standard (see Appendix B for the full version of the law and to
read a discussion of the OSHA Laboratory Standard in greater detail).
The major requirement of the OSHA Laboratory Standard is the development of a Chemical
Hygiene Plan. This is a written plan developed by the employer (e.g., university, school,
department, institute, individual lab, etc.) addressing the specific safety issues related to
the hazards at that work place. Appendix C is a Chemical Hygiene Plan template to
help you develop a Chemical Hygiene Plan for your laboratory / department. A
Chemical Hygiene Plan contains several major elements:
 standard operating procedures for work with hazardous chemicals

criteria for use of control measures such as engineering controls or personal
protective equipment.

means to ensure proper operation of fume hoods and protective equipment.

circumstances under which a particular laboratory operation requires prior approval
from the employer.

employee information and training on the hazards of chemicals in the work area,
including how to detect their presence or release, work practices and how to use protective
equipment and emergency response procedures.

provisions for medical consultations and examinations for employees.

designation of a chemical hygiene officer.

provisions for additional employee protection for work with particularly
hazardous substances such as select carcinogens and reproductive toxins or substances
which have a high degree of acute toxicity.
This Laboratory Safety Guide provides much of the information you will need to
comply with the OSHA Laboratory Standard. To further help you comply with the
OSHA standard the Safety Department can:

test and label fume hoods for safe and proper operation

serve as the campus repository for Material Safety Data Sheets (MSDS); if you
cannot obtain an MSDS from your supplier, contact Safety for a copy.

assist you in writing your Chemical Hygiene Plan by providing samples and
advice in specific circumstances.

conduct laboratory safety training classes which may satisfy the basic training
requirement of the OSHA Laboratory Standard.

conduct air sampling to determine chemical exposure levels
Principal investigators, laboratory directors, managers and supervisors have certain
OSHA compliance responsibilities (see Appendix B). In summary, persons must:

Appendix C of this
Guide is a Chemical
Hygiene
Plan
template.


keep chemical exposures below OSHA permissible exposure limits (PELs) for all
personnel within the laboratory (see Chapter 2).

write a Chemical Hygiene Plan for your laboratory (see Appendix C).

designate an individual as the laboratory's Chemical Hygiene Officer, with a
responsibility for implementing the Chemical Hygiene Plan.

train and inform new personnel (see Appendix B and Appendix G).

in certain circumstances (see Appendix B), provide your laboratory personnel
with access to medical consultations and examinations.
Laboratory safety is each worker's responsibility. Workers help to insure compliance
with the OSHA Laboratory Standard by:
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Keep a file or binder
of all your Material
Safety Data Sheets,
and refer to them
often.



follow the procedures described in their laboratory's Chemical Hygiene Plan.



keep labels of supplied chemicals intact.



read the MSDSs of all your supplied chemicals prior to using them.


inform the principal investigator or supervisor if any signs and symptoms of
chemical exposure are experienced.
3.1.b OSHA Standards for Specific Chemicals

Chemicals for which
a Substance Specific
Standard exists are
listed in Chapter 4 of
this Guide.

OSHA has also developed comprehensive standards for several classes of particularly
hazardous substances. These are described in detail in Section 4.5, Chemicals Requiring
Special Precautions and Appendix D. This class of chemicals includes select carcinogens,
reproductive toxins, and substances with a high degree of acute toxicity. The special
provisions for working with these compounds (e.g., use of designated areas,
containment devices, special handling of wastes and decontamination procedures, etc.)
are found in both 4.5 and Appendix D.
Some listed chemicals have widespread use throughout the campus. The specific standards
for these more commonly used compounds (e.g., formaldehyde, used as formalin for
preservation of tissue samples, benzene and ethylene oxide) are of particular concern.
Call the Safety Department if you are using any compounds listed in Appendix D. The
Safety Department will assist you by:


evaluating exposures, controls and work practices



helping to improve controls (e.g., ventilation) and practices to reduce exposures



monitoring laboratory personnel for exposure to these chemicals

You can assure compliance with the OSHA substance-specific standards by:

determining if your laboratory uses any substance covered by a specific
standard.

reviewing information on the substance-specific standards in Chapter 4; the
complete standards are available from the Safety Department


reporting suspected exposures to your principal investigator or supervisor


consulting with a Safety Department Industrial Hygienist if you need help to
comply with a standard
The OSHA standards cover all aspects of the use of these specific chemicals with an
overall goal to prevent personnel exposure. However, the OSHA substance-specific
standards do not include all hazardous chemicals. The principal investigator /
laboratory manager is responsible for applying scientific knowledge to safeguard all
workers in the lab. Additionally, the OSHA standard applies only to "employees" of
laboratory facilities. While students may technically not be considered "employees"
within the scope of OSHA, it is prudent and practical to provide the same level of
protection to students as to employees.
3.1.c Hazard Communication Standard (HazCom)
One of the missions of the Occupational Safety and Health Administration is to
insure that employers provide their workers with a safe work place. This is accomplished by promulgating rules and practices directed toward the different types of
work environments. Thus, research laboratories which handle many very small quantities
of hazardous chemicals follow a different set of rules than industrial operations which use
very large quantities of a few different hazardous chemicals.
To address most non-industrial, non-laboratory settings where hazardous chemicals are

University of Wisconsin-Madison Safety Department (608) 262-8769

Environmental Health and Safety Regulations 67
used, OSHA promulgated the Hazard Communication Standard, often known as the
Right-to-Know act. The Hazard Communication Standard applies to all non-laboratory
operations "where chemicals are either used, distributed or are
produced for use ...."
Right-to-Know means that workers must be made aware of hazardous substances they may be
working with and be provided with the information necessary to allow them to work safely
with these substances. Implementing a HazCom program is relatively inexpensive and not
too time consuming. It requires 6 simple tasks:

1.
2.
3.

Keep an inventory of the hazardous chemicals used in the work area.
Maintain a file of Material Safety Data Sheets for each hazardous substance used

Insure all containers are properly labeled to identify the hazardous substance and
practices that workers can employ to work safely with the chemicals.

4.

Evaluate work place tasks and determine the appropriate personnel protective
equipment for each use.

5.

Initially train workers to recognize hazards specified on labels and how to use
proper personnel protective equipment.

6.

Document the training and evaluation.

3.1.d Pesticides
Read the label and other
supplied safety
information prior to
using any pesticide.

Federal law requires that pesticides be used and disposed of according to the label instructions
and manufacturer's directions. This requirement pertains to all insecticide, fungicide,
herbicide and other pesticide use in greenhouses, growth chambers and field studies.
Application of restricted pesticides requires that the applicator be certified by the Wisconsin
Department of Agriculture, Trade and Consumer Protection. Assure compliance by:

Using pesticides following the manufacturer's instructions and package label;
contact the manufacturer or Safety if you have misplaced the manufacturer's information.

Do not use a
pesticide without
using, at a
minimum, safety
glasses and gloves.
Chapter 4 of this
Guide describes
safe chemical use
practices in detail.

 Complying with OSHA laws if you use a respirator. These require a medical
examination and a fit test. Call Safety to participate in the UW respiratory protection program.
 Avoiding pesticide exposures by using the chemical hygiene practices and
engineering controls discussed in Chapter 4. Mix pesticides in a fume hood or well
ventilated area, separate personal items from gloves, respirators and other personal protective
equipment, and wash your hands often.
 Acquiring only the pesticide and amount needed in the immediate future; do not accept
gifts, samples or an excess amount. Remember, the UW will ultimately have to pay to
dispose of any unused or expired compounds.
 Storing pesticides in a ventilated area that will also contain leaks and spills; clean up
spills promptly according to procedures in Chapter 5 of this Guide.

Marking stored pesticide containers with date and user; review inventories
regularly to dispose of surpluses and wastes.

Preserving the container and its label so material is securely contained and label is
readable (e.g., dusts in paper bags are a particular problem).


Noting alterations or changes made from original conditions of the material as
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formulated by manufacturer (e.g., degradation by air, moisture or light, separation out of
solution, dilutions made for special applications, etc.).

Disposing of surplus solutions and rinsate by using it appropriately at application
rates; prepare mixtures carefully to avoid surpluses.
The Safety Department will dispose of your waste pesticides at no cost to you.
Follow procedure On-Site Service 1 in Chapter 7 of this Guide.
3.1.e Storage and Use of Flammable Liquids
The National Fire Protection Association (NFPA) has established a standard for the
storage and use of flammable liquids in laboratories. This standard has been adopted by
Wisconsin's Department of Commerce (DComm) and is enforced by the City of Madison
Fire Department (MFD). The standard is designed to protect life and property from
fire. MFD fire inspectors audit labs on campus for compliance with these codes. They
have two concerns: (1) compliance with the code and (2) identification of substances
which could pose an especially dangerous situation for emergency responders. Thus,
compliance is necessary to protect yourself, your work, your coworkers and other
building occupants. The Safety Department works to insure the University will comply
with these laws and codes by:

When not in use,
store flammable
liquids in a flammable
liquid storage
cabinet.


With the help of the Madison Fire Department, monitoring the storage and use of
flammable liquids in laboratories

Advising laboratories, building managers and the Madison Fire Department on
ways to comply with this law

If necessary, proposing health and safety projects to improve flammable liquid
storage facilities
You can keep your lab in compliance and help the University comply with the NFPA
standard by following the guidelines in the Storage of Flammable and Combustible Chemicals
section of Chapter 4. Specific requirements of this code include:

For laboratory storage of flammable liquids outside of safety cans and flammable
liquid storage cabinets, limit the amount to less than 10 gallons (38 liters) of flammable
liquids per one hundred square feet

Safety cans and flammable liquid storage cabinets must be used for storing
flammable liquids greater than the above amounts

Maximum sizes for storage containers in laboratories is 1 gallon (3.8 liters) for
glass containers and 2 gallons (7.6 liters) for safety cans
3.2 The Resource Conservation and Recovery Act (RCRA)
Americans have always admired the pristine beauty of certain wilderness areas.
Congress donated Yosemite Valley to California for preservation as a state park and, in
1872, Congress reserved Yellowstone in the Wyoming and Montana territories as a
public park or plesuring-ground for the benefit and enjoyment of the people." Initially
people felt that the USA was so vast, that its potential was unlimited and the impact of man
would be minor at worst. It was the appearance of Rachel Carson's book Silent Spring,
that made the public realize pesticides and other chemical pollutants were having a
decidedly negative impact on the environment and that government action was necessary
to protect the environment.
Pesticide use was not the only concern. Hazardous chemicals have been used for many
years and the waste products disposed as they were generated. In the case of Love Canal,
disposal at the site began in the 1920s and continued through the 1950s. These dump sites
were often at the edge of town and it was felt that burial would render any risks negligible.
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However, as civilization expanded and encroached on these "dumps" (e.g., in the case of
Love Canal, the city coerced the chemical company to give them the site), not only was the
detrimental impact of exposure to hazardous chemicals observed, but often the cost of
cleaning up such a waste facility became exorbitant, especially if the manufacturer was no
longer in business or did not possess the land
The Resource Conservation and Recovery Act (RCRA) was passed by Congress in 1976
to address the problems of waste disposal and reduction. Under RCRA, the EPA is given
responsibility for promulgating regulations governing the generation, transportation,
treatment, storage and disposal of hazardous and non-hazardous
waste. One of the goals of RCRA was to establish a framework for national programs to
achieve environmentally sound management of both hazardous and nonhazardous wastes,
essentially controlling hazardous waste from generation to disposal (i.e., "cradle to
grave"). Under RCRA, a hazardous material is regulated from the time it becomes a
"hazardous waste," not when it is first produced.
Each year the EPA
inspects the UW for
hazardous chemical
waste compliance.

After RCRA, there have been many federal, state and local laws enacted to strictly regulate
the disposal of hazardous chemicals, including the disposal of chemicals in the sanitary
sewer. In general, you can ensure compliance with these laws by following the laboratory
chemical disposal procedures in Chapter 7, Chemical Disposal Procedures and Appendix
A, Disposal Procedure by Chemical.
3.2.a RCRA Definitions
The EPA defined or redefined many new terms as part of RCRA. It is important to
understand the meanings of these terms because when you use these key terms when
talking to Federal and State inspectors, they listen and apply the definitions. If your use
is incorrect, inspectors may misunderstand what you are trying to say.
Generator

The UW is a largequantity generator.

UW labs located at
Research Park may be
conditionally exempt
small-quantity
generators.

The UW is an
individual generator
site.

A generator is "any person, by site, whose act or process produces hazardous
waste...." The EPA has three classes of generator.

Large-quantity generators are those facilities that generate 1000 kg or more per
month (about five 55-gallon drums) of hazardous or over 1 kg of "acutely hazardous (i.e.,
P list) waste" waste per month.

Small-quantity generators generate more than 100 but less than 1000 kg of
hazardous waste per month and accumulate less than 6000 kg at any one time and less
than 1 kg of "acutely hazardous waste." Special rules apply to small-quantity generators.

Conditionally exempt small-quantity generator produces 100 kg or less of
hazardous waste per month and less than 1 kg of "acutely hazardous waste."
Individual Generator Site
RCRA defines an individual generator site as a contiguous site at or on which hazardous
waste is generated. The UW's Madison campus is an individual generator site and has a
single EPA generator identification number. Thus, each individual laboratory generating
waste is not a "generator" within RCRA criteria, but is part of the institution and must
comply with the requirements of a large-quantity generator.
As noted, "on-site" is defined as "the same or geographically contiguous property which
may be divided by public or private right-of-way, provided the entrance and exit
between the properties is at a crossroads intersection, and access is by crossing as
opposed to going along the right-of-way."
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Some UW activities are not "on-site." The Wisconsin Psychiatric Research Institute in
Research Park, the State Lab of Hygiene at Agriculture Drive, and other labs located in
rental space are not on the contiguous campus. Most of the research labs would probably
be conditionally exempt small-quantity generators, some might be small-quantity
generators. Depending upon the generator class, specific rules, different from rules
followed by labs on the UW campus, are followed by these labs.
Solid Waste
Under RCRA, a material cannot be a hazardous waste unless it is a solid waste. RCRA
defines a solid waste as: ". . .any garbage, refuse, sludge from a waste treatment plant,
water supply treatment plant, or air pollution control facility and other discarded material,
including solid, liquid, semisolid, or contained gaseous material resulting from industrial,
commercial or mining and agricultural operations, and from community activities."
Some otherwise hazardous wastes are excluded from regulation. These include samples
sent for testing, household waste, agricultural waste (except pesticides), oil and gas
production waste, and some wastes that are reused or recycled.
Remember, as defined in the code, a "solid waste" need not be solid. RCRA
Not all RCRA "solid defines "solid waste" as "any ... discarded material,
including solid, liquid, waste" is solid,
semisolid, or contained gaseous
material...." Additionally, the term "discarded"
includes any material that is abandoned, recycled, or "inherently wastelike."
Hazardous Waste
RCRA defines hazardous waste as solid waste that, "because of its quantity, concentration,
or physical, chemical, or infectious characteristics may: 1) cause, or significantly
contribute to an increase in mortality or an increase in serious irreversible, or incapacitating
reversible, illness or 2) pose a substantial present or potential hazard to human health or
the environment when improperly treated, stored, transported, or disposed of, or otherwise
managed." Thus, wastes are considered hazardous if they can pollute the air, water,
and/or land if not handled or disposed of in a particular manner. To simplify things,
hazardous waste is usually classified as belonging to one of two groups: (1)
characteristic hazardous waste or (2) listed hazardous waste.
Characteristic Hazardous Waste
A waste is classified as a characteristic hazardous waste if it has any of the following
characteristics:
1.
Ignitability - It is a liquid waste, it is easily ignited and has a flash point less
than 140 °F (60 °C). This includes paint wastes (e.g., lacquer thinner), some degreasers
(e.g., mineral spirits), some solvents (e.g., acetone), and gasoline. It is not a liquid but
is capable of causing a fire through friction, absorption of moisture or spontaneous
chemical changes and, when ignited, burns so vigorously and persistently that it creates a
hazard. It is an ignitable compressed gas. Ignitable wastes are assigned an EPA
hazardous waste number D001.
2.
Corrosivity - It dissolves metals and other materials, bums the skin, and has a pH less
than or equal to 2 or greater than or equal to 12.5. Examples include acids, alkaline cleaning
fluids, battery acid and some rust removers. Corrosive wastes are assigned EPA hazardous
waste number D002.
3.
Reactivity – It is unstable or undergoes a rapid of violent change upon contact
with water or other materials. Examples include airbag inflator canisters (has sodium
azide) and electroplating bath sludges (has cyanide). Reactive wastes are assigned EPA
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hazardous waste number D003.
4. Toxicity - It is toxic as determined by the EPA's
Toxicity Characteristic Leaching Procedure (TCLP).
These wastes contain amounts of metals, pesticides,
herbicides, or organic chemicals that would be
dangerous if released to groundwater. The TCLP list
of toxic contaminants contains 8 metals, 4
pesticides, 2 herbicides and 25 organic chemicals.
Wastes which are hazardous due to toxicity are
assigned EPA hazardous waste numbers D004
through D043.
Listed Hazardous Waste
The EPA has already determined that some specific wastes are hazardous and they
have been incorporated into one of 4 lists (K, F, P, or U) published by EPA. The
lists are organized into three categories:
 Source-Specific Wastes (EPA waste code K001 - K148) includes wastes from
specific industries such as petroleum refining and wood preserving. Examples
include sludges and waste waters from treatment and production processes.
 Non-Specific Source Wastes (EPA waste code F001 - F039) are wastes commonly
produced by manufacturing and industrial processes. Examples from this list
include spent halogenated solvents used in degreasing and wastewater treatment
sludges from electroplating processes as well as dioxin wastes, most of which are
acutely hazardous wastes due to the danger they present to human health and the
environment.
 Commercial Chemical Products (P list [acutely hazardous] and U list) list
includes specific commercial chemical products such as creosote and some
pesticides.
These wastes have been listed because they almost always exhibit at least one of the
hazardous waste characteristics or because they contain chemicals that have been
shown to be harmful to human health and the environment. The regulations list
over 400 hazardous wastes.
Thus, if your wastes material exhibits any of the four characteristics (ignitability,
corrosivity, reactivity, or toxicity), or if it is a listed waste (F, K, P, or U list), it is a
Hazardous Waste and is subject to EPA's hazardous waste regulations. While
characteristic wastes must satisfy some condition, all listed wastes are
presumed to be hazardous regardless of their concentrations and must be handled
according to EPA's hazardous waste regulations.
Accumulation Times and Amounts
Hazardous wastes cannot be held indefinitely. A large-quantity generator like the
UW may accumulate hazardous waste for up to 90 days without a special EPA
permit if the waste container:
 is in good condition.
 material or liner is compatible with the waste contained.
 is kept closed except when actually adding or removing waste.
 is properly handled and stored.
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Satellite Accumulation
A generator may accumulate up to 55 gallons of hazardous waste, or 1 quart of acutely
hazardous (P list) waste, "at or near any point of generation where wastes initially
accumulate which is under the control of the operator of the process generating the
waste...." Thus individual laboratories become "satellite" locations and they may be
allowed to accumulate and store hazardous waste, but the waste container must be
labeled with to identify the contents of the container, it must be dated and removed within
3 calendar days after reaching the 55-gallon limit. Because 55 gallons is too large a
container for laboratory use and may violate fire code, waste containers of less than 5
gallons are routinely used and the accumulation time is generally limited to less than 1
year. Additionally, waste containers must always be closed during storage except when it
is necessary to add or remove waste.

Your lab is a
Satellite
Accumulation Area

Sewer Disposal
Remember, the Earth is a closed ecosphere. The refrain of Tom Lehrer's song,
Pollution, taunts, "The breakfast garbage that you throw into the bay / They drink at lunch
in San Jose." Indiscriminate disposal to the sanitary sewer of laboratory chemicals is
not acceptable. Some chemicals can interfere with the proper functioning of sewage
treatment facilities or affect the bodies of water into which they are discharged. In the
drain system itself, some chemicals can cause fire, explosion, or local air pollution.
While sewer disposal of some nonhazardous chemicals may be acceptable, such disposal
of hazardous chemicals is permissible only under specifically prescribed circumstances
(see Section 3.2.c and Chapter 7).
Empty Containers
When is a "empty" container considered to be empty? Under RCRA, a container that
contained hazardous waste is "empty" if all waste has been removed and no more than
2.5 cm (1 inch) of residue, or 3% by weight (of containers less than 110 gallons),
remains. In practice, all quantities of the substance should be removed. Once a
container is "empty," it is no longer subject to RCRA. If the container held acutely
hazardous (P list) substances, triple rinsing (with water or a detergent) is required and
the rinsate itself is a hazardous waste. Rinsate from cleaning "ordinary" hazardous
waste containers may or may not be considered hazardous waste, depending whether
the original waste in the container was listed. Additionally, the regulations for empty
containers applies to all hazardous waste containers, not just those from laboratories.
Paint cans, insecticide containers, cleaning supply bottles, spray cans, etc. are also
covered.

When is your
container really
"empty?"

Treatment
RCRA defines treatment as "any method, technique, or process, including neutralization,
designed to change the physical, chemical, or biological character or







composition of any hazardous waste...." Except as noted here, RCRA prohibits any
treatment without an EPA permit. Some common laboratory exceptions include:
Treatability studies and investigations of new methods of treating or detoxifying hazardous
waste in which the quantities of hazardous waste treated are less than a specified amount.
Records and reports are required.
Treatment procedures in laboratories where the treatment procedure is part of the experiment.
In this instance, the material has not been declared a "waste" subject to RCRA.
Elementary neutralization of waste that is hazardous only because of the characteristic of
corrosivity.
Certain treatment by conditionally exempt small-quantity generators.
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Removal of hazardous
chemical waste is a
service of the Safety
Department, at no cost
to you.







Do not dispose of
waste by
evaporation.

Keep caps on
carboys.






Waste Minimization
As noted above, a goal of RCRA was the reduction of hazardous waste prior to any
treatment, storage, or disposal of the waste. Minimization focuses on source reduction
(e.g., buy less, use less) or recycling activity that results in either a reduction of the total
volume of hazardous waste or reduction of the toxicity of the hazardous waste. Every 2
years, large-quantity generators are required to report to EPA what reductions have
actually been achieved.
3.2.b Hazardous Waste Disposal
The EPA and the Wisconsin DNR closely regulate the disposal of hazardous chemicals.
These laws were discussed above and are also described in some detail in Appendix H.
The Safety Department works to achieve compliance by:
Obtaining and maintaining required permits and licenses for storage and transport of
hazardous chemical waste.
Maintaining and operating the University's hazardous waste storage facility.
Transporting hazardous chemical waste generated on campus.
Arranging for and supervising the environmentally sound transport, treatment and disposal of
the University's hazardous chemical waste.
Submitting reports and manifests, as required, describing the quantity of hazardous
waste generated and the disposition of all hazardous wastes
Principal investigators, laboratory managers and laboratory workers insure compliance
with EPA and DNR hazardous chemical waste laws by:
 Follow the chemical disposal procedures in Chapter 7 and Appendix A of this Guide,
including the In-Lab Chemical Management Procedures. Use the Safety Department's OnSite Hazardous Materials Management Service.
Do not evaporate any waste unless approved by the Safety Department.
Insure all carboys are securely capped except when waste is being added.
Completely describe (on the waste disposal form) chemicals to be removed by the Safety
Department's On-Site Hazardous Materials Management Service.
Do not dispose of any quantity of chemical or unemptied chemical container in the normal
trash unless specifically approved in this Guide.
Additionally, compliance is facilitated by your efforts to prevent pollution and
minimize chemical wastes, as described in Chapter 6, Waste Minimization and Pollution
Prevention.
3.2.c Sanitary Sewer Use

Only dispose through the
sanitary sewer those
laboratory chemicals that
are identified in Chapter 7
and Appendix A.

Disposal of chemicals and chemical wastes in the sanitary sewer are regulated by the Sewer
Use Ordinance of the Madison Metropolitan Sewerage District (MMSD).
The MMSD and the University have agreed upon the criteria for the safe disposal of
laboratory chemicals via the sanitary sewer.
Several procedures for the disposal of chemicals and chemical wastes have been developed
for prudent use of the sanitary sewer for disposal. These are explained in detail in Chapter
7, Chemical Disposal Procedures. Chemicals suitable for disposal are listed
alphabetically in Appendix A.
The Safety Department helps the University comply with the MMSD Sewer Use Ordinance
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by:

Establishing procedures in Chapter 7 and Appendix A of this Guide that comply
with MMSD ordinances.

Agreeing with MMSD on the criteria for environmentally sound disposal of
laboratory chemicals in the sanitary sewer.

For special cases of potential sanitary sewer use, determining safe chemical disposal
procedures in consultation with MMSD.


You can help comply with the Sewer Use Ordinance by:



Following the chemical disposal procedures detailed in Chapter 7.


Using the sanitary sewer to dispose only those materials identified in Appendix A
and Chapter 7

Keeping track of sewer disposal of laboratory chemicals that have an established
limit (see procedure Sanitary Sewer 6 in Chapter 7).

Making sure you are using a sanitary sewer, not a storm sewer. Most sewers and
drains outside of a building are storm sewers. These do not empty into the sanitary
sewer network, rather they drain directly to streams and lakes.
For off-campus activities using this guide, if your building is not in the City of Madison
and you are connected to a sanitary sewer or other wastewater system, call the Safety
Department for sewer use guidelines.
3.3 Chemical Spill and Release Laws
Several federal and state laws address chemical spills, accidental releases and other
chemical emergencies. The Safety Department and UW Police have established
chemical emergency response procedures for preparedness, response and reporting.
Chapter 5, Emergency Procedures, provides a more thorough description of these
notification procedures and how you can prevent and/or respond to chemical
emergencies in your laboratory.

Chapter 5
discusses
emergency
procedures.

Additionally, EPA has promulgated a Spill Prevention Control and Countermeasure
(SPCC) requirement (40 CFR 112) which mandates that facilities which store oil
and hazardous substances develop and maintain a Spill Prevention, Control and
Countermeasures Plan which describes the procedures and equipment in place to
minimize the potential of spills, leaks or releases of oil and/or hazardous material to
the environment, as well as to describe the reporting and response procedures in the
event of a spill, leak or release to the environment.

Report all chemical
spills and releases to
the Safety
Department.

3.3.a Chemical Spill and Release Notification
Federal and state chemical spill and release laws are multi-tiered with relatively
complex reporting criteria. To ensure compliance, you should inform the Safety
Department of any of the following circumstances:

A chemical is spilled and may impact the environment in any way.

Chemical gases, vapors or fumes are released to the atmosphere or a ventilation
system that leads to the outside.

The spilled or released chemical is one listed by the EPA as requiring a report.

The spill or release results in an exposure to personnel.

The Madison Fire Department's Hazardous Incident Team responded and initiated
cleanup.
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A spill or release of any quantity of any substance.
Depending upon the type of release, it may require separate notification of federal,
state and local authorities and the notification may be required even if the disposal,
discharge or release was intentional.
Because of the complexity of these laws, please report all chemical spills and releases
to the UW Safety Department (for non-emergency advice or assistance) and UW Police
(in an emergency). The Safety Department can determine what level of response and
report is necessary to ensure safety and compliance. In this regard, the Safety Department
helps the University comply with these laws by:

Chapter 5 describes
how you can
assemble a spill kit
for your laboratory.


Determining safe response procedures in the event of a chemical emergency and
coordinating response efforts.

Determining legal reporting and response requirements in the event of a chemical
emergency, and complying with those rules.

Submitting required notifications and reports to federal, state and local agencies.

Planning for University chemical emergency response with UW Police, the
Madison Fire Department's Hazardous Incident Team and the Local Emergency Planning
Committee.

Arranging for chemical emergency response and cleanup services.

Advising laboratory personnel on preparedness and response to chemical
emergencies.
The Madison Fire Department's Hazardous Incident Team responds to serious spills on
campus. In general, the Safety Department does not clean up significant chemical spills
on campus, but will help you with smaller spills and incidents. You can help comply
with these spill and reporting laws by:

Notifying OW Police of any chemical spill, accidental release and other chemical
emergency by dialing 911; OW Police will activate the emergency response plan and
inform the Safety Department.

Calling the Safety Department's Chemical & Radiation Protection staff (5-5518)
if you have questions about reporting a chemical spill or release.

Preventing and preparing for chemical emergencies, as discussed in Chapter 5,
Emergency Procedures.
Consulting with the Safety Department if you are planning work that may result in a
chemical spill or release to the environment so that we can determine prevention and
control measures, and if the release is reportable.
Generally speaking, although the Safety Department will respond and provide cleanup
guidance and assistance, laboratory personnel are responsible for the cleaning and
decontamination of simple spills.
3.3.b Spill Cleanup and Soil Contamination

Contact the Safety
Department if you
discover a chemical
spill, leak or soil
contamination.

Spill cleanup usually requires specialized materials, equipment and techniques.
Additionally, federal and state standards have been established for residual chemical
contamination. This is especially true for spills that result in soil contamination, or other
releases to the environment. To insure compliance, the Safety Department is responsible
for:
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Identifying instances of chemical contamination.



Determining cleanup requirements and standards.



Managing projects to assess and cleanup chemical contamination.

Contact the Safety Department if you discover chemical contamination. We will work
together to insure cleanup measures are safe and meet standards.
3.4 Other Environmental Laws
Other environmental laws have been promulgated to regulate air emissions from
laboratories, the import and export of chemicals (including samples), the environmental
impacts of field studies, pesticides, and laboratory use of polychlorinated biphenyls
(PCB), stormwater and spill prevention and control.
3.4.a Air Emissions from Laboratories
Volatile organic
solvents are a source
of air emissions. We
need your help and
ideas to minimize
these releases.

The Clean Air Act (CAA) regulates air emissions, rigorously regulating emissions of sulfur
dioxide, volatile organic compounds (VOCs), hazardous air pollutants (HAPs), and
ozone depleting chemicals. With two large heating plants and many smaller emission
sources (e.g., ethylene oxide sterilizers, incinerators, etc.), the UW is considered a major
source of emissions (i.e., potential to emit any of the listed hazardous air pollutants in
amounts greater than 10 tons/year of a single hazardous air pollutant or 25 tons/year of
total hazardous air pollutants). Federal and state laws require the University report air
emissions from all campus sources. The information is distributed to the public and used
to assess environmental and public health effects. The Safety Department drafts the
campus report. Some of the commonly used laboratory compounds tracked are acetone,
chlorine gas, chloroform and sulfuric acid. You can help reduce laboratory air emissions
by following the suggestions given in Chapter 6, Pollution Prevention and Waste
Minimization. These include:


Substitute less toxic materials for toxic organic solvents.



Minimize the amount of volatile chemicals you buy, store and use.


Reduce routine leaks and evaporation (i.e., fugitive emissions), keep containers
capped and seal experiments and systems as much as possible.

Except for surface drying processes (e.g., coating application or flat bed chromatography), do not intentionally evaporate any chemical.

International
shipments of
chemical samples
require a TSCA
certification.

Avoid drips, dribble and spills when pouring from large into small containers.

3.4.b Toxic Substance Control Act (TSCA)
Laboratories engaged in research may have to satisfy the Toxic Substance Control Act, a
program that is intended to ensure that the human health and environmental effects of
chemical substances are identified and adequately addressed prior to production or
transport of those substances. Some TSCA regulated activities are:






research conducted for commercial purposes
importation and exportation of chemicals
shipment of chemicals to locations within the U.S.
adverse significant reactions to chemicals
significant risks of chemicals discovered during research
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Thus, the EPA and the Customs Office requires that all chemicals, including chemical
samples, imported into or exported out of the country be certified. The type of certification
required depends on whether the chemical is listed by EPA under TSCA. These
certification forms and additional information are available from the Safety Department.
3.4.c Environmental Impact Statements
Certain field research or studies may be subject to the requirements of the Wisconsin
Environmental Policy Act (WEPA). For "major actions significantly affecting the
quality of the human environment," WEPA requires:

Consultation with agencies that have jurisdiction or special expertise with respect
to the environmental impact involved.

Proposals include a detailed statement on the environmental impact of the proposed
action, adverse environmental effects, alternatives and other information.

A public hearing that includes a public notice.
UW Research Administration has a screening worksheet for compliance with WEPA.
Contact the Safety Department for more information on the law, for help in determining
requirements and preparation of an environmental impact statement.
Nonpoint source

discharges refers to
contaminants that do
not enter the sanitary
sewer or other
wastewater collection
systems, and usually
enter rivers and lakes
via the storm sewer.
Nonpoint source
pollution harms the
quality of Madison's
lakes.

3.4.d Nonpoint Source Discharges
Industrial waste water is any (solid, liquid or gas) discharge resulting from an institutional
activity. Most laboratory sinks and drains discharge to the sanitary sewer and are subject
to the Madison Metropolitan Sewerage District (MMSD) ordinances described above. Be
aware, however, that outdoor drains and sewers (i.e., storm sewers) discharge to
Madison lakes and are subject to more stringent disposal limits for nonpoint source
discharges. The EPA nonpoint source discharge laws also apply to wastewater
discharges during field research / studies and include outdoor spills and leaks such as
those that may occur at loading docks and service entrances. The Safety Department aids
compliance with this Jaw by:

Obtaining and maintaining an EPA/DNR nonpoint source permit for the University.

Sampling and studying storm sewer, illicit and other nonpoint source University
discharges.

Facilitating campus programs to prevent and clean up spills, and minimize the
use of pesticides, salt and other pollutants.

You can help the UW comply with this law by:

Promptly cleaning any chemical spills or leaks.

Not using outdoor drains or storm sewers for waste disposal, unless approved
by the Safety Department.

Notifying the Safety Department of any chemical spills, leaks or releases.

Consulting with the Safety Department for wastewater disposal procedures when
the sanitary sewer is not available.

If you work with
PCBs or PCBcontaining material,
contact the Safety
Department so that
we can keep the
University's inventory
accurate.

3.4.e Polychlorinated Biphenyls (PCBs)
Because of PCB's proven environmental toxicity, the manufacture and most uses of PCBs
are banned in the US The EPA strictly regulates the use and disposal of PCBs, including any
electrical transformers, capacitors or other electrical equipment that contain PCBs. Many
universities have been fined for noncompliance with this law. The Safety Department
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If you suspect that a
liquid or an item
contains PCBs, call the
Safety Department.
We will test it at no
cost to you.

works to comply with the PCB laws by:

With the help of UW Physical Plant, testing electrical equipment, oils and other
liquids for PCBs.

Maintaining the University's inventory of PCBs stored and used, and records of
disposal.

Arranging for and supervising the environmentally sound transport, treatment and
disposal of PCBs.

Monitoring EPA's use and storage prohibitions for PCBs.
You can help the UW comply with this law:

Report any PCB transformer or PCB capacitor greater than nine pounds (i.e.,
contains more than three pounds of PCBs) to the Safety Department so it can be included
on the University's PCB inventory.

Contact the Safety Department if you have electrical equipment or other chemicals that may contain PCBs. Safety will evaluate each item. For certain items, chemical
analysis may be required.

Contact the Safety Department for an evaluation of the legal requirements if
you use any quantity of PCBs not contained in electrical equipment,. Some research
uses of PCBs may require an exemption from the EPA.

Dispose of PCBs according to Polychlorinated Biphenyls disposal procedures
found in Chapter 7. All PCB and PCB-containing equipment must be disposed of through
the Safety Department.

3.4.f Stormwater
Stormwater is any precipitation (rain or snow melt) that comes into contact with a
facility or construction site, then drains from the site, and flows into any nearby water
body. This water can collect from roof tops, parking lots, or saturated ground. The
water may also flow into storm drains or directly into local ponds or rivers.
During rain and other wet weather, pollutants (e.g., oil and grease, pesticides,
sediment, salt, animal waste, etc.) are flushed from sidewalks, roads, highways,
recreational and landscape areas and parking lots. This flushing can result in the
creation of polluted stormwater that drains from the UW campus into nearby lakes.
This stormwater pollution can be significant enough to cause water quality in the
rivers and lakes to violate standards.
The UW in concert with the City of Madison and Dane County is working to develop
practices to assist construction managers, ground crews and other to manage their
operations in a manner that minimizes stormwater pollution.
3.4.g Spill Prevention and Countermeasures (SPCC)
The EPA requires that facilities that store oil and other hazardous materials to have a
program to prevent and mitigate spills. This plan is described in the SPCC Plan. Spill
prevention procedures include the maintenance of an accurate up-to-date inventory of oilcontaining devices and areas along with inspections of these areas.
3.5 Review Questions
1. The primary purpose of the OSHA Laboratory Standard is to:
a.

protect human health and the environment

b.

help prevent laboratory accidents
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c.

protect individuals who work with laboratory chemicals

d.

identify specific standards for laboratory construction

2. Laboratory workers can help the University of Wisconsin-Madison comply with
chemical disposal laws by:
a.

keeping waste solvent collection carboys capped

b.

monitoring their exposure to certain, specified chemicals

c.

reporting all releases to the environment to the Safety Department

d.
contacting the Safety Department if they intend to ship research
materials internationally
3. Workers comply with Madison Metropolitan Sewerage District Sewer Use
Ordinances by:
a.

disposing of any unwanted chemicals in the sanitary sewer

b.
using the sanitary sewer to dispose of items listed in Appendix A or
Chapter 7 of this Guide
c.

not disposing of any chemical in the sanitary sewer

d.

reporting all releases to the Safety Department

4. To comply with chemical spill laws:
a.
releases greater than 1 gallon need to be reported to the Wisconsin
Department of Natural Resources (DNR)
b.
releases greater than 1 gallon and smaller than 10 gallons must be
reported to the US Environmental Protection Agency (EPA)
c.
releases to the environment of any quantity are to be reported to the
Safety Department
d.
any release that harms an individual must be reported to the Wisconsin
Department of Natural Resources (DNR)
5. An Environmental Impact Statement may be required if you:
a.
do research or field studies that may have an impact on the
environment
b.

report a release to the environment

c.

work with PCBs or PCB-containing materials

d.

use large quantities of chemicals
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Chapter 4
Laboratory Safety Procedures
This chapter gives general guidance for working safely with chemicals in laboratories.
While it is thorough, it is not meant to be a complete safety manual. Each laboratory
should have an additional safety references. We recommend:

Safety in Academic Chemistry Laboratories, Fifth Edition, a publication of the
American Chemical Society, 1990. Call 1-800-227-5558. One copy is free upon request,
multiple academic copies are available for a nominal fee.

Prudent Practices for Handling Hazardous Chemicals in Laboratories, National Research
Council, National Academy Press, Washington DC, 1981.

Prudent Practices in the Laboratory, National Research Council, National Academy
Press, Washington DC, 1995.
Using this section in conjunction with other safety references will help you maintain a
safe laboratory. It will also help you comply with the U.S. Occupational Safety and
Health Administration's (OSHA) standard for Occupational Exposure to Hazardous
Chemicals in Laboratories (see Appendix B for details of the OSHA Lab Standard).
This chapter has information which will help you prepare a Chemical Hygiene Plan (see
Appendix C) for your laboratory.
4.1 Overview of Safety Procedures
By its nature, research is inherently hazardous. The use of new techniques and
processes to investigate a hypothesis creates inherent hazards and risks. In 1890, the
chemist, August Kekulè, allegedly told a student, "If you want to become a chemist, you
have to ruin your health. Who does not ruin his health by his studies, nowadays will not
get anywhere in Chemistry."
While today, the attitude of "safety first" permeates the research community, working
safely not just something you fall into, it consists of systematically integrating safety
procedures into your work with hazardous materials. In Chapter 2 we discussed
terminology and concepts for working safely. Here we will review some of the general
procedures designed to insure your safety.
Laboratory safety is
everyone's
responsibility.

Before working with
any chemical, read the
container labels and
MSDS.

4.1.a Responsibilities for Safety
Faculty, staff, students and the Safety Department must work together to make the University
a safe place to learn and to conduct research.
Employees and Students
You are the person most responsible for the safe use of chemicals in your lab.
Research safety requires careful planning to ensure that experiments are designed in a
safe manner. Chapters 1 and 2 have described your safety network and considerations for
understanding the risks of laboratory hazards. Your responsibility for the safety use of
laboratory chemicals and equipment means:

Review and following your lab's Chemical Hygiene Plan and the safety procedures of your department and the University.

Read the Material Safety Data Sheet (MSDS) for each chemical you will use
prior to first use and discussing with your principal investigator or supervisor possible
safety precautions for any laboratory-synthesized, newly recovered, rare, or exotic
chemicals.

Understand the proper use of personal protective equipment, engineering controls
(e.g., fume hoods), and administrative controls.
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Avoid overexposure to hazardous chemicals, and immediately reporting any
actual or probable overexposure to your supervisor. If you experience immediate or
delayed symptoms of chemical exposures, seek medical evaluation.

Report all spills, accidents and injuries to your supervisor immediately.

Dispose hazardous waste according to University procedures.

Do not perform any procedure unless you are confident of its safety. If you are
concerned about exposure, stop and ask for help. Persons who work with laboratory
chemicals should not be afraid to ask questions, this is a learning institution.
Faculty, Instructors and Lab Managers
If you supervise or proctor others who use chemicals, you are responsible for their
training and safety. To insure your workers and students will remain safe:

Check to see if necessary and appropriate safety equipment and supplies are present
and in good working condition.

Review laboratory work practices insuring safety procedures are followed.

Comply with the OSHA Laboratory Standard (see Appendix B) and have a
Chemical Hygiene Plan (see Appendix C) that is reviewed annually.

Submit accident reports to the Worker's Compensation Office immediately.

Insure new students and staff have appropriate training. Appendix G contains a
safety training outline.

Visit the Safety Department web site (http://www.fpm.wisc.edu/safety) and insure
workers attend appropriate training.

Maintain a file or binder of Material Safety Data Sheets (MSDS) for all the
chemicals in your lab. State purchasing rules require chemical suppliers to include an
MSDS in the container package. Cali the supplier, your purchasing agent or the Safety
Department if you have difficulty obtaining an MSDS. Alternatively, access to MSDSs can
be provided electronically through the Internet.

Discuss safety issues at lab group meeting and integrate safety into procedures to
enhance your personnel's learning experience.
Departments, Centers, Schools and Colleges

Establish safety committees which discuss issues and safety solutions.

Promulgate a departmental Chemical Hygiene Plan to facilitate faculty plans and
establish a baseline.

Insure new faculty are made aware of both their responsibilities for safety and
assets (cf., Chapter 1) to assist them in establishing a new lab.
Safety Department
While the basic regulations published by federal agencies change little, minor
changes and interpretations are frequent. The Safety Department:

Provides information and advice on the safe use and disposal of chemicals.

Audits laboratory groups for general safety concerns.

Verifies University compliance with the various federal, state and local environmental health and safety laws.

Facilitates waste minimization by redistributing surplus chemicals.

Provides a central source of MSDSs for chemicals used on campus.

Inspects campus safety showers, eye wash stations, fume hoods and fire extinguishers annually to ensure their proper operation.

Coordinates campus chemical emergency response with the Madison Fire Depart-
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Start your
semester by
attending Safety's
weekly Working
Safely with
Chemicals training
class.

ment's Hazardous Incident Response Team.

Minimizes the University's liability by ensuring that hazardous waste is disposed
of safely and properly.
The Safety Department is also a valuable training resource to help you and your staff
better understand laboratory hazards and to control them. Some of the ways Safety assists
in training your workers:

Conduct a "Working Safely with Chemicals" class weekly. This class, usually held
at Union South, provides the basic information necessary to satisfy the OSHA training
requirements. Personnel who attend the class and successfully complete the quiz receive a
certificate which can be used by research labs throughout campus to satisfy the OSHA
training documentation requirement.

Provide training to targeted groups upon request. This training can either be a
customized program (e.g., for incoming graduate students, for "gifted" student programs,
etc.), or a routine program designed to catch all your students in a single setting and it
can address the safety concerns of your department, building or research group and/or
include the full "Working Safety with Chemicals" class. Safety personnel can also speak at
a group or departmental meeting.

Lend safety videos from our library of safety related video tapes. Other UW
System schools may also have safety videos. Call Safety for a list.

Publish the Chemical Safety and Disposal Guide. Appendix G has a suggested
outline for lab worker safety training. Each section of the Guide has review questions that
can serve as a "Safety Quiz" to get your personnel thinking about laboratory safety issues.
Publish a CARP Spectrum newsletter which addresses safety issues affecting research labs
on campus.
How One Lab Ensures Safety
One lab involves each group member in keeping their lab safe.
Each of these duties are rotated among lab workers so they can
appreciate the importance of each task.
Keeping an updated chemical inventory.
Keeping all common use areas clean and orderly.
3. Keeping Material Safety Data Sheet files current.
4. Disposing of wastes as they are generated.
1.
2.

5.

Keeping abreast of current issues and new developments in
laboratory safety, by finding and distributing information.

6.

Surveying the lab for possible safety problems (see Appendix E).

Annually, the lab members jointly review and update their laboratory's
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4.1.b Safe Laboratory Practices
Step back and look at your laboratory as if you were seeing it for the first time. This is
the view that new faculty, staff, students and visitors to your lab see. Does it look safe? Is
it neat and orderly? Are people taking safety precautions? Is there a strong odor of
volatile chemicals? Does it look like chemicals are stored safely? Can you see ways to
make your lab safer? Better yet, conduct a more systematic survey of your laboratory's
safety practices by using one of the survey forms in Appendix E.

Keeping an orderly,
well maintained lab
can eliminate many lab
safety
problems.

Never underestimate the hazards
associated with a
lab. If you are
unsure about what
you are doing, get
assistance.

Annex 2-2 to Chapter 2 presented a quick guide to risk assessment for hazardous chemicals.
When you plan laboratory procedures, use that guide and these basic principles to help
assure safety:
 Know about the chemicals and hazards associated with your lab. Know their potential
flammability, reactivity, corrosivity and toxicity. Know how to read and interpret MSDSs.
 Know what to do in different emergency situations.
 Avoid working alone in a laboratory.
 Don't underestimate risks, assume any mixture will be more hazardous than its most
hazardous component and that all substances of unknown toxicity are toxic.
 Minimize all chemical exposures. Few laboratory chemicals are without hazards. Use
precautions when handling all laboratory chemicals. Wear personal protective
equipment appropriate to the work. Do not wear contact lenses around chemicals,
fumes, dust particles or other hazardous materials.
 Use extreme care when working with needles, blades and glass.
 Do not eat, drink, apply makeup or use tobacco products in the laboratory. Do not
mouth pipet. Do not use ice from a laboratory ice machine for human consumption.
Dedicate microwave ovens and other heating devices exclusively for food or for
laboratory operations. Ensure that ovens are clearly labeled to indicate their function.
 Provide adequate ventilation. The best way to prevent exposure to airborne
substances is to vent them away from you. This is accomplished by using fume hoods
and other ventilation devices. Avoid using dry ice in enclosed areas, it can produce
elevated carbon dioxide levels. Dry ice mixed with isopropanol or ethanol may cause
frostbite. Avoid producing aerosols.
 Protect unattended operations from utility failures and other potential problems that
could lead to overheating or other hazardous events.
 Clean contaminated equipment and spills immediately. Avoid contaminating
equipment with mercury and clean mercury spills immediately. Use non-mercury
thermometers when appropriate.
Keep hallways, corridors and exit ways clear. Do not locate laboratory equipment or
supplies in these areas.
4.1.c Laboratory Safety Surveys
How do you know if your laboratory is a safe place? One way to find out is to audit your
laboratory for safety practices and facilities. This can be easily accomplished by using
the Laboratory Safety Survey in Appendix E.
Other audit / survey resources are available. The Madison Fire Department inspects
laboratories on campus to check fire suppression systems, alarms and fire extinguishers.
They help us prevent fires by looking for problems, like improper or excess storage of
flammable liquids. The Safety Department is always available to help you with safety
problems and it annually performs safety surveys of laboratories. Upon request, Safety
can also review a specific area or practice or perform an overall survey of your building.
The Safety Department audit process involves:
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Discussing your concerns and safety issues.
Touring your areas to assess the risks to health, property or the environment.

Comparing your practices and facilities to current and accepted safety standards.

Discussing solutions, including employee training, personal protective equipment,
improved ventilation or further testing and evaluation. When appropriate, we will work
with you to find funds to improve facilities.
Wall-mounted shelves
have detached and
fallen onto desks and
other work surfaces.
These shelves were
heavily loaded,
exceeding the load
capacity of the shelf or
were incorrectly
installed.

Your goal should be no
skin contact with
laboratory
chemicals.

4.1.d Good Housekeeping Facilitates Safety
Generally speaking, a clean, orderly lab is a safe lab. Good housekeeping can lower the
number of lab accidents and reduce the risk and consequences of a fire. It can also
increase your working space. For a safe and efficient laboratory:

Keep passageways to exits clear.

Do not block areas around safety showers, fire extinguishers, fire blankets and
electrical (on/off) controls.

Do not store chemical containers on the floor where they may be broken or become a
trip hazard for workers.

Return chemical containers to their proper storage location after use.

Do not use floors, stairways or hallways as storage areas.

Keep balances, hoods, centrifuges, incubators, refrigerators, ovens and other commonuse items clean and neat for the next user.
4.1.e Laboratory and Personal Hygiene
Good personal hygiene will help minimize exposure to hazard chemicals. Laboratory
hygiene consists of practices to avoid accidental or inadvertent exposure to laboratory
chemicals. If there is a small spill of a fine powder, a careless coworker can quickly
spread contamination throughout a laboratory. Even small exposures from some
compounds may result in harmful effects for people who work in laboratories every day.
Your goal should be no skin contact with laboratory chemicals. Unlike radioactive
materials, chemical contamination is difficult to detect. When dyes have been spilled in
University buildings, it is unnerving to see how widely the contamination has spread. To
keep yourself and others safe from accidental contamination:
 Do not touch things that are used by non-gloved hands (e.g., telephone, door knobs,
etc.) if you are wearing gloves that have touched chemicals. Gloves can be washed with
soap and water in many cases if removal is not convenient.
 Wash your hands in the lab frequently, especially after lab work and before eating,
drinking, applying makeup or leaving the area.
 Routinely wash doorknobs, telephones, keyboards and desks.
 Never use mouth suction to fill a pipet. Use a pipet bulb or other mechanical pipet
filling device.
 Don't keep food in refrigerators used to store chemical, radioactive or biological
experiments. Do not use laboratory equipment to serve or store food or drinks.
 Never eat, drink or smoke in labs (smoking isn't allowed in any UW building).
 Do not wear contact lenses near chemicals, especially corrosives or volatile solvents.
 Never allow a laboratory chemical to touch your skin; use gloves and wear a lab coat.
Remove contaminated clothing immediately and do not use the clothing again until it has
been properly decontaminated.
 Don't immerse your fingers or hand in liquids; use tongs or a tool.
 Do not sniff or taste chemicals.
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4.1.f Moving Chemicals

Worker received
burns to face and
chest while carrying
unsealed phenolchloroform centrifuge
tubes on a Styrofoam
centrifuge tube
shipping container.
The Styrofoam
broke and the
chemicals splashed
onto face and chest.
Even immediate
deluge did not
prevent second
degree burns.
Secondary containment means using a
second outer container
to capture any
possible leaks or
spills.
Never transport
chemicals in a
vehicle's passenger
compartment.
Review your chemical
inventory. Annually
check the integrity of
containers and labels.
For peroxide formers,
check expiration
dates. Add water to
keep picric acid
moist. Dispose of
unwanted,
degraded or discolored
chemicals. If you
find chemicals in
good condition that
you no longer need,
offer them to others
who might want
them, or give them to
the Safety
Department who will
try to redistribute
them to other
laboratories on
campus.

A chemical sitting on a shelf in its original container presents less hazard than when that
same container is moved. Whenever a chemical is moved there is a risk of the container
breaking resulting in an uncontrolled release. Most of the campus calls for emergency
responders are the result of chemicals spilled while moving them within a building.
Whether you are transporting chemicals across your lab or across the campus, take
precautions.
Use secondary containment. No matter how careful you are, containers can drop and
bottles can break. An unprotected chemical container breaking in an elevator could be
disastrous. Use a tray or a bucket to hold your chemicals in transit and contain any
possible accident. Good secondary containment can mean the difference between a small
inconvenience and a major building evacuation. Check a laboratory safety catalogue to
find other secondary containment equipment to suit your needs.
Extra precautions for vehicles. The transportation of chemicals in vehicles on public
roads presents additional safety and legal problems. A container of flammable solvent
or toxic material ruptured in a road accident drastically increases the risk to your health
and makes rescue difficult. Chemicals should never be transported in the passenger
compartment of a vehicle. The state's Department of Transportation (DOT) and the
Department of Natural Resources (DNR) regulate the transportation of hazardous
materials on public roads. Depending on the type and quantity of material transported,
the person driving may be required by law to have a special (e.g., commercial) driver's
license, carry proper shipping papers and use specified packaging. If you must transport
hazardous chemicals on public roads, call Safety first. We can give you guidance on
how to do it safely. In some cases we may transport your materials for you.
Shipping Hazardous Materials. Many different government agencies regulate hazardous
materials. If a hazardous substance is to be sent or transported off campus (e.g., FedEx,
etc.), Department of Transportation (DOT) rules and regulations apply. The International
Air Transport Association (IATA) sets rules for air transport of hazardous materials. You
must attend a training class and be certified to ship (i.e., give to a commercial carrier
like FedEx) any hazardous material. The Safety Department offers training classes
which will certify you for shipping chemicals or biological materials. Call for additional
information and a schedule of the training.
4.2 Chemical Storage and Management
Proper chemical storage is as important to safety as proper chemical handling. Don't just
store your chemicals; your stocks and inventory of laboratory chemicals need to be
actively managed. From the time laboratory chemicals are received in your lab to the
time of disposal, inventory them, separate incompatibles, store them safely and regularly
review their status.
4.2.a Chemical Inventory
Your lab is in many ways like your home. Most people shop at the grocery store using
a shopping list of food stuffs and consumables to buy. This shopping list is filled out by
taking inventory of what you have on hand and what your plans are for the immediate
future. In generating this list you consider things like, "When does the milk expire?" "If
I buy 4 of these, how long will they last?"
Prudent management of chemicals in your lab is facilitated by an inventory. Such an
inventory saves money because, with a knowledge of how much of what chemicals are on
hand, it prevents the purchase of duplicates. If you are aware of usage levels,
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materials can be routinely ordered. It helps you monitor chemicals that degrade with age
(e.g., ethers, gas cylinders, etc.), and it helps you keep incompatibles separate. An
inventory allows for sharing (e.g., Safety has a surplus chemical redistribution program,
most items have been unused) expensive compounds and allows for workers to
anticipate special storage requirements that certain chemicals may have. Additionally, a
summary of chemical types may provide emergency responders with a measure of
hazards to be encountered within that lab.
You can keep information on each chemical container using a box of file cards or a
computer database. A computer database can be shared with other laboratories in the
department / school to advertise surplus stocks and prevent redundant purchasing for the
entire department. Keep track of your chemical purchases by saving invoices. Monitor
chemical use by keeping track of empty bottles. Keep track of chemical disposal by
retaining copies of surplus chemical and carboy forms.
For your safety, it is important that you know your chemicals and the hazards they pose to
you. For each chemical you purchase, you should also receive a Material Safety Data
Sheet (MSDS). If you don't receive an MSDS, call the supplier or the Safety Department
for a copy. Additionally, the Safety Department web page
(http://www.fpm.wisc.edu/safety) has links to MSDS sites. Keep a binder of your MSDS
pages for everyone in your lab to use. Upon receipt of new compounds, review the MSDS
to determine the hazards of the chemical. Chapter 2 of this Guide can help you interpret
the MSDS and other hazard information. Make sure the container is labeled with the
chemical's hazard, so that others know too.
On receipt is also a good time to update the inventory. In a large lab, the most
effective system is to have a computerized inventory with each record corresponding
to a single container. Essential inventory information includes:


the chemical name as printed on the container,



molecular formula (for further identification and to simplify searching),


Chemical Abstract Service (CAS) registry number (unambiguously identifies
chemicals regardless of different names),


lot number



source, and



size of container.

Other useful information for the database is:


hazard classification to guide in safe storage, u, handling and disposal,


date of acquisition to insure unstable compounds are not stored beyond their useful
life and to insure older chemicals are used first,


storage location (if multiple locations exist).

4.2.b Chemical Storage Principles
Storing chemicals requires the integration of several basic health and safety considerations.
The inventory system goes a long way to assure safe storage along the lines of physical
safety and chemical compatibility. Follow a few other basic considerations to assure
safety.
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Read chemical labels and MSDSs for specific storage instructions.
The supplier of your chemical has already investigated safety issues and listed these on
the MSDS and label.
Store your chemicals in a safe place.
Store chemicals in a well-ventilated area; however, don't store chemicals in a fume hood.
Keep your fume hood clear for work requiring a fume hood. Use a ventilated cabinet to
store volatile and odorous chemicals. Use sturdy shelving with ample space for every
container. Never store hazardous chemicals in a public area or corridor. Don't store
liquids above solids. To avoid the risks of lifting and reaching, keep large and heavy
items on lower shelves. Store glass containers so that they are unlikely to be broken.
Keep containers off the floor, safe from an accidental kick. Use plastic trays for
secondary containment to contain liquid spills. Think about ways to keep your
chemicals from spilling and contained if they do spill.
Avoid storing chemicals on shelves more than six feet above floor.
Store all hazardous chemicals below eye level so you can easily read the label. Do not
store liquids above eye level. Fire codes require that nothing be stored within 18 inches
of a fire sprinkler head on the ceiling.
Keep incompatible chemicals separate.
Group chemicals according to their hazard category (i.e., acids, bases, flammables, etc.)
to prevent chemical reactions and insure compatible storage. Information on determining
compatible storage of chemicals can be found at Appendix F. Some general guidelines
include:

Separate acids from bases, store these chemicals near floor level

Isolate perchloric acid from organic materials. Do not store perchloric acid on a
wooden shelf.

Separate highly toxic chemicals and carcinogens from all other chemicals. Place a
warning label on this storage location and keep it locked.

Separate acids from flammables.

Do not keep peroxide-forming chemicals longer than 12 months.

Do not allow picric acid to dry out.

If flammables need to be chilled, store them in a laboratory safe refrigerator, not
in a standard refrigerator.

Flammables should be stored in a flammable storage cabinet.
Label all chemical containers.
The bottom shelf of an
organic chemical
storage cabinet
collapsed. The cabinet
was constructed of
thin plywood with
particleboard shelves
attached to a pressed
paper-board backing,
not appropriate for
chemical storage.

If you make solutions, synthesize products or transfer chemicals to another container, make
sure all containers are labeled. Clearly label each chemical container in your laboratory
with:

the chemical name

the principal hazard (e.g., carcinogen, irritant, corrosive, etc.)

the date prepared, opened or received

initials of the person making the label
OSHA and EPA rules and regulations imply that if a container has an expiration date on
the label, then the chemical must be used or disposed by that date. If you are going to
hold chemicals past their expiration date, the viability of the chemical compound should
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be evaluated and documented for containers past their "expiration" date (e.g., write on the
container a reevaluated expiration date and initial it).
Unfortunately, there are some routine laboratory environmental conditions that contribute to
deface or obliterate labels:

hydrogen chloride vapor from neighboring chemicals.

Iodine from chemicals that hydrolyze to iodide and that is oxidized in air.

light, fluorescent and sun light, acts on red print.

embrittlement of paper.

cellophane tape over paper, tape discolors easily.

glue oxidizes.

mold grows on labels of bottles in cold rooms that condense air humidity.

For small containers,
label the entire group
or number containers
and record in a
notebook.

While all chemical containers must be labeled to prevent the hazards and disposal problems
associated with unknown chemicals, labeling of many small vials with complete chemical
names can be a difficult and tedious task. To make this job easier use these tips.

Label the entire group. If you have a rack with vials that hold various fractions
from a column, label the entire rack with a description of what is contained in the individual
vials.

Refer to your notebook. Give the containers numbers that are referenced in your
laboratory notebook.
Inspect storage areas periodically. It is not unusual when the Safety Department cleans out
a lab to find chemical containers that are more than 20 years old, some with labels that
are unreadable. Storage areas should be inspected at least annually. Remove unwanted or
expired chemicals and update the inventory. Visually inspect stored chemicals to
determine viability and safety. Chemicals showing any of these indications should be
evaluated for disposal:
 slightly cloudy liquids
 pressure buildup in containers
 darkening or change in color
 evidence of reaction with water
 spotting on solids
 corrosion / damage to container
 caking of anhydrous materials
 missing / damaged / illegible labels
 existence of solids in liquids or liquids in solids

Chemical labels,
MSDSs, and
Chapter 2 of this
Guide will help you
to identify flammable and combustible
chemicals

4.2.c Storage of Flammable and Combustible Chemicals
Chemical labels, Material Safety Data Sheets, and Chapter 2 of this Guide will help you
identify flammable and combustible chemicals. Improperly stored flammable and
combustible chemicals can provide the fuel that can lead to a catastrophic laboratory
fire.
Suppose you came home one day and found two 5-gallon cans of gasoline and several jars
of paint thinner in your kitchen. Your first concern would be to move the containers
somewhere outside the house, making sure that you didn't break any. Then open the doors
to remove the smell. Why would you be less concerned with such quantities of highly
flammable liquids in your lab?
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A worker using a heat gun
to heat approximately 0.5 L
of heptane in a Pyrex
beaker by hand over an open
bench. A splash of heptane
came in contact with the
elements of the heat gun,
igniting the heptane. He
tossed the beaker away from
him. His sleeve caught fire,
the flaming beaker landed on
another work surface where
the fire spread to the
computer containing his
thesis

It is best to store
flammable liquids in
an approved storage
cabinet dedicated
solely for that
purpose.

Limit quantities of
flammable liquids
stored outside of safety
cans and flammable
storage cabinets to
less than 10 gallons per
one hundred square
feet.

The Tragedy of a Laboratory Fire
It is usually a small event that starts a laboratory fire. A hot plate is
left on or an unattended water bath dries out and overheats. These
events ignite a fuel source, and there are plenty of fuel sources in
laboratories: papers,
bench top covers, plastic labware, wooden shelves and, perhaps
most dangerous of all, flammable solvents.
It is easy to start a lab fire. It is easy to destroy a laboratory. All it
takes is a lapse of memory or judgment (we're always in a hurry)
or a careless coworker. Even a careless colleague down the hall
threatens your life and work.
If the laboratory door is left open, every room on the floor will be
affected. Even if the fire is quickly extinguished, soot will cover
papers, lab manuals, computer disks and equipment in neighboring
labs. It is a reason for the entire department to be concerned about
preventing fires.
In one year, 3 lab fires on campus cost $108,526 in damage, but
thankfully
no lives. And these costs only take into account the cleanup of the
room and the replacement of equipment. What is the'value of lost
research notes, destroyed samples and time spent organizing
another working laboratory?
What can you do? Beware of heaters and other fire hazards. Minimize
the amount of flammable solvents stored in your room, and store those
you must keep in a flammable storage cabinet. And keep your doors
closed as much as possible.

Recently the news reported the deaths of three firemen fighting a fire in a hardware
store. The firemen were near the area where the store kept its 5-gallon cans of wood
preservative (e.g., Thompson's Waterseal). The cans exploded in the heat of the fire. Is it
any wonder than firemen audit labs and continually ask what hazardous chemicals are in
the building? Use the following guidelines for storing flammable chemicals:
 Minimize the amount of flammable liquids in your lab. Buy only what you will use in
the immediate future, and buy the smallest size that you need. Excess flammable solvents
risk a fire, a dangerous spill and, if you are exposed to them, your health. Unused
surpluses cost the University thousands of dollars each year for disposal.
 If a building or departmental flammable solvent storage room with a fire suppres¬sion
system is available, store flammable materials there until you need to use them and
remove only the amount needed for a particular experiment or task.
 In the laboratory, store flammables in a UL-approved (or equivalent) flammable
storage cabinet. Unless a cabinet is marked as approved for storage of flammable liquids,
flammable solvents may not be stored there. In general, do not store flammable liquids in
cabinets below fume hoods or sinks.
 Store flammables, combustibles and other fuels away from strong oxidizers, such as
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Including those
flammables stored in
safety cans &
flammable storage
cabinets, limit the
amount of flammable
liquids to less than 20
gallons per 100 ft2 of
lab space.

On your benchtop,
limit the storage of
flammable liquids to
those in immediate
use.

perchloric and nitric acids. It is best to store flammable liquids in an approved storage
cabinet dedicated solely for that purpose. See Chapter 2 and Appendix F of this Guide for
a list of oxidizers.
 Limit quantities of flammable liquids stored outside of safety cans and flammable
storage cabinets to less than ten gallons per one hundred square feet (i.e., per lab suite). If
you include flammables stored in safety cans and flammable storage cabinets, limit the
amount of flammable liquids to less than twenty gallons per one hundred square feet of
lab space. Thus, the maximum quantity of flammable liquids in each lab suite / fire area
depends upon the storage configuration:
Glass, metal or plastic
10 gallons (38 liters)
Safety cans
25 gallons (95 liters)
Flammable liquid storage cabinets
180 gallons (684 liters)

On your benchtop, limit the storage of flammable liquids to those in immediate
use. Handle flammable chemicals in areas free from ignition sources.

It is best to store bottles of (flammable) liquids in a tray or pan (secondary
containment) to catch any spills.

Use plastic trays when storing chemicals in freezers. This prevents the bottles
from becoming embedded in ice and frost that often forms in freezers. It also contains spills
and drips.

Always bond metal containers to metal receivers when transferring large
volumes of flammable liquids or gases.

Static electricity can ignite flammable gases or vapors. If static electricity is a
problem, minimize static electricity by spraying with an antistatic agent. Use nonconductive
materials (floors, mats, etc.) and grounding straps on instruments and machines, especially
when transferring flammable chemicals between metal containers. These reduce the risk of
generating static sparks. The greatest hazard from static electricity is in the winter when
the air is dry.

Never heat flammable chemicals with an open flame, use a water bath, oil bath,
heating mantle, hot air bath, etc.

Use a fume hood when there is a possibility of dangerous vapors.

Cold rooms pose a unique set of problems. One big problem with anything stored
in a walk-in cold room is that outside (hallway or room) air brings in moisture which
condenses on everything that is cold. This will lead to mold which thrives on paper and
glue of labels and can make stored containers "unknowns."

Guidelines for Storage and Use of Flammable Liquids in Labs (summary)
Class 1-A Class I-B
Class I-C
Flash
< 23 °C < 23 °C
≥ 23 °C (73 °F)
Point:
(73°F)
(73°F)
< 38 °C (100°F)
Maximum Amount Allowed to be
≥ 38°C
Boiling < 38 °C
present in a control area:
(100°F)
(100°F)
Point:
In a flammable storage cabinet
60 gal
120 gal
180 gal

Combined

240 gal

Chemicals actively being used in
10 gal
20 gal
30 gal
15 gal
open form (exposed to atmosphere)†
Chemicals actively being used in
10 gal
15 gal
20 gal
30 gal
closed§ form (not exposed to
†
atmosphere)
†
None of the limits may be exceeded in the combined column (e.g., 240 gal = 180 gal + 30 gal + 30 gal)
†
These amounts include waste solvents
§
Distillation apparatus that is vapor tight and totally enclosed is considered a closed form

University of Wisconsin-Madison Safety Department (608) 262-8769

Laboratory Safety Procedures 91
Household refrigerators are not safe for
storing flammable
liquids.

Don't step into a lab
without wearing safety
glasses!

Take precautions when storing flammable chemicals in a refrigerator. Refrigerator
temperatures are almost always higher than the flash points of flammable liquids (see
2.1.a). Compressors and circuits are often located at the bottom of the refrigerator where
vapors from small spills or leaks can accumulate. Electrical sparks from a conventional
refrigerator can then ignite the flammable vapors that build up inside. Unless a cold room is
ventilated and has a fire suppression sprinkler system, do not store flammable liquids there.
Two kinds of refrigerators are approved for storage of flammables:
1. Flammable liquid storage refrigerators. These have no spark sources within the
refrigerator cabinet. There are, however, spark sources outside the refrigerator cabinet from
switches, motors, relays, etc. These spark sources can ignite flammable vapors present
outside of the refrigerator. A bottle of flammable liquid that drops and breaks near one of
these refrigerators can easily be ignited by the sparks.
2. Explosion-proof refrigerators. These refrigerators are considerably more expensive
because they have all spark sources completely sealed inside and are safe for flammable
atmospheres both within and outside of the refrigerator cabinet.
In certain cases a conventional refrigerator can be modified by the Physical Plant Electric
Shop to become a flammable liquid storage refrigerator. Only those refrigerators that do
not have a frost-free feature can be modified in this way. A frost-free refrigerator
incorporates heated coils and fans that cannot be removed from the cabinet.
Conventional refrigerators in laboratories and cold rooms are not safe for flammable
storage and must be labeled "NO FLAMMABLES". Labels are available from the
Safety Department.
4.3 Personal Protective Equipment
Will a splash of caustic cause a small mess or a blinding injury? Your use of personal
protective equipment (PPE) could determine the answer. The University has supply
contracts with vendors who sell PPE and other safety equipment. Request a catalog to
see the latest available equipment.
4.3.a Eye Protection
Eye injuries are horrifying, but preventable events. Wisconsin law requires eye protection for
all laboratory workers, so no one should work or be inside a laboratory without proper eye
protection. The Safety Department can order prescription safety glasses for you under the
state contract for safety glasses. Many departments on campus will pay the cost of
prescription safety glasses that are required for work. Ask your supervisor for details.
Safety glasses are the minimum requirement for laboratory eye protection. Wear
chemical splash goggles or a face shield over your safety glasses if there is a danger of
splashed liquids or shattering glass. Never wear a face shield without safety glasses. If
you work with ultraviolet or laser light, wear protective lenses specific for the light's
wavelength.
Materials Distribution Services sells nonprescription glasses and many safety equipment
vendors have a large assortment of eye protection. Newer models are nearly fog proof,
comfortable to wear, come in a great variety of sizes and styles and are quite
fashionable. There is no excuse for not wearing eye protection in a laboratory.
Should you wear contact lenses in laboratories? Be aware of the hazards of contact
lenses. They are difficult to remove if your eyes must be washed in an emergency. Also,
they can trap contaminants against your eye and they restrict the flow of natural fluids
that remove minor eye contaminants. A better alternative for laboratory work is to order
prescription safety glasses through the Safety Department.

Laboratory Safety Guide

92 Laboratory Safety Procedures

4.3.b Respiratory Protection
Avoid the problems of
using respirators. Use a
fume hood, glove box
or other isolation
device to prevent
exposure to airborne
contaminants.

The Occupational Safety and Health Administration (OSHA) has strict requirements for
respirator (e.g., full-face mask or N-95 filter mask) use. Even a simple paper filter
mask is subject to OSHA rules. These requirements include a medical questionnaire
and a respirator fit test for all users. The is necessary because wearing a respirator
increases the work of breathing, which may cause health problems for some people.
We also need to know the identity and concentration of the air contaminant to select
the appropriate filter and ensure it will properly protect you.
To avoid these problems, it is best to prevent inhalation exposures by using
engineering controls, (e.g., increased room ventilation, fume hoods and gloveboxes)
rather than respirators. If you must wear respirators, contact the Occupational
Health Office at Safety. We will help you conform to OSHA regulations.
4.3.c Clothing
Wear clothing that protects your skin. Shoes should completely cover your feet;
sandals are risky because they don't cover your feet. Wear long pants instead of
shorts or skirts. Use a lab coat for further protection. The coat sleeves keep splashes,
aerosols and dusts from touching your forearm and wrist. Have a plastic or rubber
apron available for working with strong caustics, corrosives or compounds with a
"skin" designation.
4.3.d Hand Protection

For laboratory
chemicals, your
goal should be
zero skin contact

Vinyl and latex gloves should be a common sight in all laboratories. They are
inexpensive, comfortable and provide a nominal barrier to common hazards. Check
them for holes and change them frequently. Be aware that vinyl and latex gloves
offer no protection from many corrosives and organic solvents.
Use the Glove Chemical Resistance chart to choose the appropriate glove for the
chemical you are working with. Be aware that even the variety of gloves in this chart
does not afford protection from all chemicals. For aggressive chlorinated solvents,
such as chloroform and trichloroethylene, order a glove like Silvershield® or
polyvinyl alcohol gloves from a safety equipment vendor.
Remember that all gloves can be permeated by chemicals to some degree. They are
not meant to provide protection from prolonged immersion in chemicals. Use tongs
to retrieve items from the bottom of your acid bath, don't routinely reach into any
liquid with a gloved hand. Someday your hand could go in deeper than the cuff or the
glove could fail.
For reusable gloves, don't forget to wash or at least rinse off the gloves after use. This
will prolong their useful life and prevent the spread of chemical contamination from
the dirty gloves. If you didn't remove the gloves after handling some things, wash
them as you would your hands before touching anything like faucet handles or
telephones.
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Glove Chemical Resistance
Chemical
Acetaldehyde
Acetone
Acetonitrile
Amyl Acetate
Amyl Alcohol
Aniline
Aqua Regia
Benzaldehyde
Benzene
Butyl Acetate
Butyl Alcohol
Calcium
Carbon
Disulfide
Hypochlorite
Carbon Tetrachloride
Cellos°lye
Cellosolve Acetate
Chlorobenzene
Chloroform
Citric Acid
Cyclohexanol
Dibutyl Phthalate
Diethylamine
Diesel Fuel
Diethyl Ether
Dimethyl Formamide
Dimethyl Sulfoxide
Dioctyl Phthalate
Dioxane
Ethanol
Ethyl Acetate
Ethylene Glycol
Formalin
Furfural
Gasoline
Glycerine
Hexane
Hydrazine
Hydrogen Peroxide
lsobutyl alcohol
[so Octane
Isopropanol
Kerosene
Lactic Acid
Methanol

Nitrile
P
NR
F
E
E
NR
F
NR
P
F
E
NT
G
G
G
F
NR
NR
E
E
G
F
NT
E
NR
E
G
NR
E
NT
E
E
NR
E
NT
E
E
E
E
E
E
E
E
E

Natural
NT
P
P
P
F
F
G
NT
MR
P
F
NT
NR
NR
P
P
NT
NR
E
G
G
NT
NT
P
F
P
F
P
G
P
E
F
F
NT
E
NR
NT
E
F
NT
F
F
NT
P

Yello
wP
E
P
NT
G
NR
NT
P
NR
P
NT
G
NT
NR
NT
P
NR
NR
G
NT
F
P
P
-,
P
P
P
F
P
E
F
F
E
NT
P
G
P
NT '
NT
NT
P
G )
P
G
G

Chemical
Methylene Chloride
Methylamine
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
Methyl Methacrylate
Mineral Spirits
Morpholine
Naphthas, VM&P
Nitrobenzene
Octyl Alcohol
Oxalic Acid
Perchloroethylene
Propyl Alcohol
Sodium Hypochlorite
Stoddard Solvent
Tetrahydrofuran
Toluene (Toluol)
1,1,1-Trichloroethane
Trichloroethylene
Tricresyl Phosphate
Triethanolamine
Turpentine
Xylene (Xylol)
Common Acids
Acetic Acid, Glacial
Chromic Acid, 50%
Formic Acid, 90%
Hydrochloric Acid, Con
Hydrochloric Acid,
10%
Hydrofluoric
Acid,
48% Acid, 10%
Nitric
Nitric Acid, 70%
Perchloric Acid
Phosphoric Acid
Sulfuric Acid, 10%
Sulfuric Acid, 95%
Common Bases
Ammonium Hydroxide
Calcium Hydroxide
Potassium Hydroxide,
Sodium
Hydroxide,
50%
50%

Nitrile
N
R
E
N
R
P
P
E
N
R
E
N
R
E
E
0
E
N
T
E
N
R
F
F
N
R
E
E
E
G

Natural
NR
NT
P
P
P
NT
NR
NR
F
NT
G
NR
P
E
NT
NR
NR
NR
NR
NT
NT
NT
NR

Yellow
NR
P
F
P
NT
F
NT
NT
P
NT
G
NR
G
NT
NT
NT
NR
NR
NR
NT
NT
NT
NR

G
F
F
E
E
E
E
M
R
E
E
E
N
R

F
F
F
G
NT
G
E
NT
NT
E
E
NT

E
NT
G
P
E
NT
NR
M
R
NT
NT
G
NR

E
N
T
E
E

P
E
G
E

E
E
E
E

Key: E=Excellent; G = Good; F = Fair; P = Poor; NR = Not Recommended; NT = Not Tested
Nitrile = Ansel] Edmont SolVex® nitrite latex; Natural = Marigold Industrial® natural rubber/neoprene unlined latex; Yellow = Best Value
Masters® lined natural latex
This glove selection does not protect against all chemicals. For aggressive chlorinated solvents such as chloroform and trichloroethylene, order some
Silvershield® or polyvinyl alcohol gloves from a safety equipment vendor .
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Glove Types
Many vendors offer protective gloves under various descriptions and brand names.
These gloves normally fall into one of several compositions:

Latex: Natural rubber, or latex is inherently elastic and resilient. It resists acids,
alkalis, salts, and ketones. Natural rubber latex is blended with or dipped in other polymers
to achieve a combination of features including the abrasion resistance of nitrile with the
flexibility of latex. Latex gloves are suited for food processing, electronics assembly, and
laboratory chemical handling.

Neoprene: Neoprene is a synthetic rubber developed as an oil resistant substitute
for natural rubber. It is resistant to acids, caustics, alcohols, inks, refrigerants, ketones,
oils, fats, grease fertilizers, cleaners, and detergents. Neoprene gloves are used in
petrochemical, degreasing, and refining, chemical processing, metal finishing, mechanical
work, painting, bleaching, and commercial dishwashing.

Nitrile: Nitrile, a synthetic rubber, also referred to as NBR or acrylonitrilebutadiene. Nitrile gloves have superior puncture and abrasion resistance in addition to
chemical protection, and they will not weaken or swell in aromatic or petroleum solvents,
caustics, or animal fats. They are suited for chemical and food processing, stripping
and degreasing, motor and engine manufacturing, machining operation using cutting oil
and coolants, electronics, and acid etching and chemical washing.

Norfoil: This lightweight and flexible laminate material resists permeation by a
wide range of solvents, acids, and bases. SilverShield® gloves are often used under
other gloves, with chemical protective suits or when working with abrasive material. They
are useful for chemical and petrochemical laboratory work, spill cleanups, and HAZMAT
control operations.

Vinyl: Also known as polyvinyl chloride or PVC, vinyl is a plastic material that
resists acids and alcohols, but not petroleum solvents. More economical than natural
rubber latex gloves, vinyl gloves are used for a variety of industrial and food processing
applications, intricate assembly work, laboratory research, and pharmaceutical
manufacturing.
Permeation / Degradation
Remember, all gloves are permeable. Permeation is a process in which chemicals seep
through glove material. It is similar to what happens to an air-filled balloon, the air
gradually passes through (i.e., permeates) the balloon material and escapes. Similarly, a
chemical can pass through a protective film without going through
pinholes, pores, or other visible openings. The individual molecules of the chemical
enter the film and "squirm" through by passing between the molecules of the glove
material which may appear unchanged. Permeation data are presented in two values:

Breakthrough time (minutes) is the time lapse between first contact of the
chemical and glove and the time to detection inside the glove. These times represent
how long a glove can be expected to provide effective permeation resistance when
totally immersed in the test chemical.

Permeation rates are the highest flow rates recorded for the permeating chemicals
through the glove samples during a six-hour test. These qualitative ratings are
comparisons of permeation rates to each other.
Degradation is a reduction in one or more physical properties of a glove material due to
contact with a chemical. Certain glove materials may become hard, stiff, or brittle, or
they may grow softer, weaker, and swell to several times their original size. If a chemical
has a significant impact on the physical properties of a glove material, its permeation
resistance is quickly impaired.
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There is no such thing as the "ideal" chemically resistant glove. Some laminate gloves
offer protection against a wide range of hazardous chemicals, there may be limitations in
dexterity, tactile sensitivity, ability to grip when wet, tear and puncture resistance.
Disposable gloves offer a decreased range of protection against hazardous chemicals
but offer greater dexterity and mobility.
Multiple gloves can be worn together. Wearing one pair of thinner, more dexterous
gloves over a flexible laminate combines the advantage of both. When using this
approach, be sure to use the smallest laminate size that will fit comfortably. This
allows the greatest dexterity when worn under the outside glove.
Immersion or prolonged contact is not common for chemical work in the laboratory and
reusable gloves do not need to be replaced very often. If used, inspect these types of
gloves before each use, and replace whenever they become discolored or show signs of
damage. Before reusable gloves are removed, thoroughly rinse them off and allow to air
dry.
Disposable gloves provide a barrier protection when working with small amounts of
laboratory chemicals. If a disposable glove becomes contaminated, remove immediately
and replace with a new glove. Never reuse disposable gloves.
4.4 Reducing your Exposure to Chemicals
The most important tool to reduce exposure to a toxic chemical is a complete knowledge
of the chemical's properties. First, read and understand the Material Safety Data Sheet
that should come with every purchased chemical. Call the Safety Department to obtain a
copy of any MSDS you need, or to consult an MSDS of a chemical that you are
considering obtaining. Before working with any unfamiliar chemical, review Chapter 2
of this Guide, reference books, call the Safety Department for toxicity information or
talk to experienced users of the chemical. Once you have a thorough knowledge of the
chemical, use appropriate controls to ensure its safe use.

Never store
flammable liquids in
your biosafety
cabinet.

4.4.a Fume Hoods and Other Engineering Controls
The best way to reduce or eliminate one's exposure to airborne substances is the proper
use of well designed engineering controls. With engineering controls, safety is designed
into the process and there is less reliance upon the skill and vigilance of the worker.
Examples of engineering controls include chemical fume hoods, glove boxes and remote
automation that keeps a worker away from a dangerous process. For laboratories on
campus, fume hoods are the most important and common type of engineering control.
A biosafety cabinet (see figure, below) is not a chemical fume hood. Their motors are
not explosion-proof and a biosafety cabinet should never be used for working with
flammable chemicals. If you are working with volatile toxic chemicals, special care needs
to be taken because some biosafety cabinets do not eject exhausted air from the building;
they merely filter the air to remove airborne microbes. Chemical vapors and gasses
easily pass through the filter and are dispersed back into the room.
A fume hood is usually a permanent installation in the laboratory, and should have a
UW-Madison Safety Department fume hood evaluation sticker affixed, and dated within
the past year. A biosafety cabinet is a stand-alone piece of equipment in the laboratory,
sometimes connected to the building's exhaust ventilation. The UW Environmental
Health Unit on campus services and can certify the performance of the biosafety cabinet
in your lab. They recommend an annual recertification of the cabinet's performance.
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Fume Hood Features and Functions






Fan and Stack - directs effluent upward at high
velocity from roof.
Fan outside of building - ensures that duct
work inside building is under negative
pressure.
Light - located outside of hood or is
explosion proof.






Baffles - provides air flow through face. Put
adjustable baffles in center position.
Sash - provides mechanical protection for user.
Bypass - provides constant face velocity independent
of sash position.
Airfoil - prevents dead space at front of hood, helps
protect user from small spills.

How a Fume Hood Works

The Safety
Department annually
checks the air flow of
each of the
approximately 1700
chemical fume hoods
on campus.

A fume hood's purpose is to assist in the safe handling of hazardous materials, especially
those that produce vapors, gases, or dusts. Fume hoods provide ventilation to carry away
airborne contaminants, and exhaust them outside of the building. The fume hood's sash
will also provide shielding to protect the user, and containment for small fires and
explosions.
A fume hood must have an adequate face velocity (measured at the work opening) to
ensure the proper removal of toxic materials. The currently acceptable standard is 100 feet
per minute (fpm) with a vertical sash opening of at least 18 inches. The Safety
Department annually checks the air flow of each of the approximately 1700 chemical
fume hoods on campus and mark the sash position at which the 100 feet per minute face
velocity is attained at the fume hood's opening. Stickers on the hood show both air flow
ratings and the date they were taken. The face velocity must be at least 100 feet per
minute to get a passing (i.e., green) sticker. For work with carcinogens or highly toxic
chemicals, or for radioactive iodinations, greater velocities are required. Hoods which
cannot meet the 100 fpm at the 18-inch opening, but can meet the 100 fpm rate at a sash
height between 12 and 18 inches may be approved for temporary, restricted use. Hoods
which do not pass are unsafe and should not be used.
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Sash principles

If your ventilation system
is modified in any way,
call Safety to re-test
your hood.

Other types of Hoods

Although Safety checks and marks each fume hood, how can you be sure your fume hood
is functioning properly? A simple way to monitor your hood's operation is to do a tissue
test to be sure air is moving into the hood. Tape a strip of tissue to the edge of the sash.
The tissue fluttering into the hood indicates air flow. This is only a qualitative test for
hood function (i.e., air moving or not moving into the hood). To properly evaluate a
hood's performance, only a calibrated velometer will give you an accurate quantitative
measurement of face velocity.
Performance Status Label

FAILING
Performance Status Label

Max Safe

Max Safe
Sash Height

Date: __________

Expiration Date: __________

DO NOT USE
FUME HOOD
Fume Hood ID#:____
Date:____
Inspected by:____
Expiration date:____

Fume Flood ID#: __________

Inspected by: __________

WARNING

F u me H o o d I D # : _ _ _ _ _ _ _ _ _
Date: ____________

C A L L U W - M A D I S O N S A F F T Y D E P T A R T M E N T FO R A D D I T I O N A L I N F O R M A T I O N A T
262-8769

Inspected by: ___________
Expiration Date: ___________
CALL UW-MADISON SAFETY
DEPTARTMENT FOR ADDITIONAL
INFORMATION AT
262-8769

CALL UW-MADISON SAFETY
DEPTARTMENT FOR ADDMONAL
INFORMATION AT
262-8769
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 Be sure air is moving
into hood.
 Maintain airflow
pathways.
 Keep work > 6 inches
behind sash.
 Keep heaters > 12
inches behind sash.
 Close sash when not
in use.
 Use protective gear as
needed. Have spill
control materials.
 Obey safety l a b el s
a nd

Remember, air flow rate / velocity usually decreases as you raise the sash. Some basic
steps to insure an optimum airflow rate include:
 Keep the sash as low as possible.
 Maintain air flow pathways front to back.
 Keep work more than 15 cm behind sash opening.
 Keep heaters more than 30 cm behind sash opening.
If you doubt the efficiency of your hood, call the Safety Department, and ask for a general
safety specialist.
Use of hot, concentrated perchloric acid requires a specially constructed hood with
washdown facilities to avoid the build up of explosive metal perchlorates in downstream
metal ductwork.
Guidelines for Maximizing Hood Efficiency
Many factors can compromise the efficiency of a hood operation. Most of these are avoidable;
thus, it is important to be aware of all behavior that can, in some way, modify the hood
and its capabilities. The following should always be considered when using a hood:
 Keep fume hood exhaust fans on at all times.
 If possible, position the fume hood sash so that work is performed by extending the
arms under or around the sash, placing the head in front of the sash, and keeping the
glass between the worker and the chemical source. The worker views the procedure
through the glass, which will act as a primary barrier if a spill, splash, or explosion
should occur.
 Avoid opening and closing the fume hood sash rapidly, and avoid swift arm and body
movements in front of or inside the hood. These actions may increase turbulence and
reduce the effectiveness of fume hood containment.
 Place chemical sources and apparatus at least 6 inches behind the face of the hood. In
some laboratories, a colored strip is painted on, or tape applied to, the hood work surface
6 inches back from the face to serve as a reminder. Quantitative fume hood containment
tests reveal that the concentration of contaminant in the breathing zone can be 300-times
higher from a source located at the front of the hood face than from a source placed at least
6 inches back. This concentration declines further as the source is moved farther toward the
back of the hood.

Place equipment as far to the back of the hood as practical without blocking the
bottom baffle.

Separate and elevate each instrument by using blocks or racks so that air can flow
easily around all apparatus.

Do not use large pieces of equipment in a hood, because they tend to cause dead
spaces in the airflow and reduce the efficiency of the hood.

If a large piece of equipment emits fumes or heat outside a fume hood, then have
a special-purpose hood designed and installed to ventilate that particular device. This
method of ventilation is much more efficient than placing the equipment in a fume hood,
and it will consume much less air.

Do not modify fume hoods in any way that adversely affects the hood performance. This includes adding, removing, or changing any of the fume hood components, such
as baffles, sashes, airfoils, liners, and exhaust connections.
Types of Fume Hoods
Fume hoods provide primary confinement in a chemical lab. They exhaust toxic,
flammable, noxious, or hazardous fumes and vapors by capturing, diluting and removing
these materials. Fume hoods also provide physical protection against fire, spills and
explosion. As noted, fume hoods provide the best protection when the fume hood sash is
in the lowest practical position.
There are several types of fume hoods. Besides the standard fume hood described above,
there are also bypass and auxiliary air fume hoods.
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Bypass fume hoods, also called balanced air or constant volume fume hoods,
allow a constant exhaust volume that helps keep the room ventilation system balanced.
Thus, as the sash is lowered, the same amount of air continues to enter the hood through
other openings. This technique also eliminates the problem of high face velocity as the
sash is lowered.

Bypass Fume Hood

Auxiliary Air Fume Hood


Auxiliary air fume hoods, also called supplied air hoods, use a an outside air
supply for 50 - 70% of the hood's exhaust requirement. This type of hood is designed to
reduce utility costs and conserve energy, but the face velocity of an auxiliary fume hood
may vary with sash height.
Additionally, special purpose fume hoods are necessary when working with certain
chemicals or chemical operations. These include:

Perchloric acid fume hoods have a water spray system to wash down the entire
length of the exhaust duct, the baffle and the wall. The water spray is used periodically
or after each use to remove any perchloric acid or organic material that may have
accumulated.

Walk-in hoods have single vertical sashes or double vertical sashes and an
opening that extends to the floor. These hoods are typically used to accommodate large
pieces of equipment.

Canopy hoods capture upward moving contaminants and are good for heatproducing operations. In many ways these are like your stove-top exhaust fan. With this
system, workers may be exposed to contaminants if they work under the hood.
Alternatives to Chemical Fume Hoods
A 36" wide hood
with 100 fpm flow,
moves air at 7.5
ft3/sec or 0.21
m3/sec. A130' x 15'
x 9' lab would get 7
air changes per
hour from that one
hood. If the
outside is 25 °C
different than the
inside, that hood
would waste heat
energy at a rate of
about 8.1 kW.

Chemical fume hoods are expensive to install and operate. Installation costs range
from $15,000-30,000, and operating costs (energy use) average $2,500 per year to
exhaust large amounts of heated or air-conditioned indoor air. The expense of a
fume hood is well worth it to reduce your exposure when working with laboratory
chemicals. But these costs are not justified when a fume hood is used to store
chemicals or to vent laboratory equipment. There are alternatives for storage and
venting:
 Storing especially odorous or toxic chemicals in a ventilated storage cabinet can control
the odors and/or toxic vapors effectively, yet exhaust much smaller volumes of air
resulting in a lower energy cost.
 Connect your instrument or apparatus directly to a dedicated exhaust duct that can handle
the effluent from the unit effectively while drawing less air.

Flexible benchtop exhausters can be positioned very close to the source of an
airborne contaminant and control it without exhausting the large volumes of air that a
fume hood requires.
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The Safety Department strongly discourages the installation and use of ductless
fume hoods. They allegedly control contaminants by passing them through a filter
that "removes all contamination" before releasing the air back into the room. But
filters only work for specific substances and are never 100% efficient. Without
continuous monitoring and testing of air contaminants, it is nearly impossible to tell
when a filter fails or needs replacing.
4.4.b Work Practice and Administrative Controls
In addition to engineering controls, exposure to hazardous substances can be
controlled by work practice and administrative controls.
Work practice controls manage the way workers use hazardous substances to reduce
exposure. Examples include:

Keep your containers closed when
they are not being
used. The actual
seal of the
container is the
neck rim fitting
evenly onto the
liner of the cap.
Tape around the
outside of the cap
doesn't do the job.


Make sure containers of volatile chemicals have secure closures and are tightly
closed when they are not actually being dispensed.

Use smaller portions of hazardous chemicals by scaling down experiments.

Any other means that you can think of to reduce the generation of airborne
contaminants.

In essence, work smarter, be aware of the dangers of chemical exposure and
constantly search for ways to reduce them.
Administrative controls involve standard operating procedures and work rules designed to
minimize exposure to hazardous substances. Examples of administrative controls include:

Limitations on the amount of time workers are allowed to use a substance.

A requirement that any new uses of a particularly hazardous substance be
reviewed by the supervisor or principal investigator prior to its use.

Write and follow a chemical hygiene plan. A chemical hygiene plan contains
standard laboratory operating procedures that are designed to limit exposure to hazardous
laboratory chemicals (See Appendices B and C).
To be effective, administrative controls require a substantial commitment and
follow-up on the part of supervisors or the principal investigator.
4.5 Chemicals Requiring Special Precautions
This section deals with controlling specific chemical hazards common in many
research laboratories. For information on the types chemical hazards, see Chapter 2 of
this Guide. Particularly hazardous substances (see Chapter 3.1.b) require
special approval and controls that are described in Appendix D.
4.5.a Toxic Chemicals (Particularly Hazardous Substances)
The OSHA laboratory standard (see Appendix B) requires that special precautions be taken
when working with particularly hazardous substances such as chemicals with high acute
toxicity, select carcinogens and reproductive toxins. Appendix D contains a more
complete discussion of Particularly Hazardous Substances to include the specific
substances, the approval procedures, and the safety related items which should be
considered to insure these substances will be used safely. If you use a particularly hazardous
substance, be sure to specifically address its storage, use, disposal and possible spillage in
your laboratory's Chemical Hygiene Plan (see Appendix C).

Avoid spreading
contamination
throughout your
laboratory.

General Precautions
Consult material safety data sheets and current references that list the toxic properties of
the substances that you work with. Employ all specified safety measures in addition to the
following general precautions:
Establish a Designated Area. Use and store these chemicals only in designated, restricted access
areas. Post these areas with the appropriate warning signs. See Appendix D for a sample
warning sign. Avoid working alone with these materials.
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Researcher using
nitrogen dioxide in
a canopy hood with
equipment attached
to a cold trap. After
the experiment was
finished, researcher
removed cold trap
from liquid nitrogen
to clean it in a fume
hood. While
moving the trap, the
frozen NO2
sublimed and was
inhaled. Two days
later the researcher
experienced
burning and tightening
in his chest. Cause:
inadequate ventilation.

Chemical Storage and Management. Store breakable containers in chemical resistant trays.
Work over trays or plastic-backed absorbent paper. Keep an accurate record of your
inventory of these chemicals. This inventory may include: amount of chemicals stored,
amount used, and the dates and names of people who work with them. Store all hazardous
waste in closed, labeled, impervious containers.
Use a Containment Device. Work in a fume hood when using volatile chemicals. Use a
glove box if a procedure is likely to generate airborne dusts, aerosols or vapors. Consider
setting up the glove box inside a fume hood to add a margin of safety should the glove box
leak.
Personal Protective Equipment. Wear a double pair of impervious gloves and change them
frequently. Do not touch door knobs, telephones or computer keyboards with
contaminated gloves. When leaving the area, thoroughly wash your hands, forearms and
any other skin that may have been contaminated. Wear a long sleeved fully buttoned lab
coat. If clothing becomes contaminated, decontaminate or dispose of it before leaving the
area.
Waste Removal. See Chapter 7 and Appendix A of this Guide for detailed instructions
related to waste. Remember, if you are dealing with a listed hazardous waste, dilution may
only give you a larger volume of hazardous waste.
Decontamination Procedures. Decontamination is never as easy as it seems. If surfaces
become contaminated, you will need to consider such factors as surface type, spilled
material, amount spilled, etc. Consider if the surface receiving the spill can absorb the
spilled material and if it can also absorb the solvent being used to take up the spill. If
recovery of the material for use is not important, clean up is less complex. It is usually best
to remove as much contaminant as possible before using a wet decontamination procedure
or vacuuming dusts with a catch bag backed with a HEPA filter. Generally one should
never dry-sweep powders, cover them with an absorber first. Another possible method is
to push tow dust pans or similar items together to corral a powder onto one surface.
Decontaminate any equipment or glassware removed from the area. See Procedure Labware
l in Chapter 7 for decontamination and reuse of chemically contaminated labware.
Emergency Planning and Response. Be prepared for accidents or spills by reading Chapter
5. If a major spill occurs outside of a fume hood, evacuate the area and call the Safety
Department for assistance.
Prevent Exposure When Weighing Toxic Chemicals
The act of weighing toxic chemicals for laboratory work often presents a risk of exposure.
For powders, static electricity can interfere with weighing. Air currents can make powders
airborne, which interferes with weighing and will risk your
exposure via inhalation. You may have to try several of the following PPE and safety
practices to find the combination that works for you. Your options to minimize exposure
when weighing toxic chemicals include:
Minimize the frequency of weighing, and the amount of chemical used. Weigh out only
what you need, consider larger batches to minimize the weighing frequency and prepare the
work area so it can be done efficiently.
Gloves. Always use gloves and wash your hands afterwards. If airborne powders are a risk,
wear a long sleeve lab coat to protect your arms.
Fume hood. A fume hood provides the most exposure protection. Use a fume hood to
weigh all volatile toxic liquids. However, the air currents flowing through the fume hood
may make it unsuitable for weighing powders. Alternatively, an enclosed, 0.1 mg
accuracy pan balance, can be used in the hood where transfers from the stock container to
the weighing container can be made. This will work for both volatile liquids and loftable
powders, some of which are also susceptible to static electricity, if a pre-weighed,
capped container is used. An unenclosed balance, which is used for larger amounts and
has a 0.1 g accuracy, must be used outside of the hood to give a steady reading. The
transfer to container or weighing paper is made in the hood to protect the person from
dust that flies or in the event of an "avalanche" which happens when a powder does not pour
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smoothly. Powder loss is potentially greater in the air stream, but personnel exposure is
minimized.
Biological safety cabinet. Although a biological safety cabinet (BSC) is not designed as
chemical safety equipment, BSCs efficiently control and filter many particulates.
Remember that a biological safety cabinet will not protect you from exposure to volatile
chemicals, and that flammable liquids should never be used in a biological safety cabinet.
Glove bag or box. Static electricity can be a problem. It is best to place these in a fume
hood, although they can be used on a benchtop.
Air purifying respirator. An appropriate air purifying respirator can provide additional
protection, especially if you weigh toxic chemicals on a benchtop. See section 4.4.b for
information on selection and use of air purifying respirators.
If you choose to openly weigh toxic chemicals on a benchtop, use an area that is away
from air currents, doors, windows and traffic and make sure you can detect any airborne
particulates (e.g., a light may help make them visible). Decontaminate the area and
balance after each weighing.
4.5.b Reproductive Toxins
Use extreme care with chemicals suspected of being reproductive toxins. For pregnant
women, even limited exposure can cause the death of the fertilized egg or fetus, retarded
growth, malformation or deficits in postnatal function. Remember that pregnancy starts at
conception, not after the first missed menstrual period. A questionable exposure should be
discussed with your physician and stopped, if advisable, prior to conception. Other
sources of information about reproductive toxins are:

The Reproductive/Occupational Health Consultant, Bureau of Environmental
Health, Division of Health, State of Wisconsin Department of Health and Social Services:
266-2074.

Pregnancy Exposure Support Line of the Wisconsin Teratogen Project: 1-800-3623020.
4.5.c Chemical Carcinogens and Mutagens
When chemical carcinogens or mutagens (see Annex 4-1) are used, care is needed to protect
workers. The amount of a carcinogen or mutagen that will produce a biological
response such as tumors and mutations depends upon many factors such as the chemical
structure of the agent, species and genetic constitution of the exposed individual,
duration of exposure, route of administration, simultaneous or sequential exposure to other
agents, etc. (cf., Chapter 2).
Because of these variables, it is difficult to predict the minimum amount of agent to
implement safety precautions and it is prudent to handle all such chemicals carefully,
in properly designed and functioning laboratory. Adequate protective measures must be
taken to minimize the possibility of exposure, especially via skin, respiratory and digestive
tracts, and eyes. Additionally, the more potent the compound and the more compound
that is handled, the greater the application of protective measures.
Antineoplastic Drugs
Many drugs used as antineoplastic agents are in themselves carcinogens and
mutagens (e.g., cyclophosphamide). Small quantities of these drugs are often used in
research laboratories as biological modulators. Aerosolization or direct skin contact are
the primary routes of exposure during research or drug preparation and administration.
Handle antineoplastic drugs while wearing gloves and working in a Class II, Type A or B
biological safety cabinet (BSC). If sterility is not a concern, a fume hood can be used.
Reagent Chemicals
Certain reagents commonly used in biochemical and molecular biology laboratories are
hazardous. One such chemical is ethidium bromide (see 4.5.i), a strong mutagen used in
DNA sequencing and other molecular research. Handle hazardous reagents in a fume
hood while wearing gloves to prevent skin contact or breathing of aerosols.
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Laboratory Concerns
Safety begins with a quality laboratory facility and workers properly trained to use the
hazardous materials. As noted earlier, engineered facilities in conjunction with work
practices and administrative controls ensure safety.

Cover all work surfaces on which chemical carcinogens and mutagens are used
with stainless steel or plastic trays, absorbent plastic-backed paper, or other impervious
materials. After use, decontaminate these surfaces with appropriate solvent and dispose of
waste products as described in Chapter 7.

Perform procedures involving large amounts of chemical carcinogens or
mutagens (e.g., syntheses) in a fume hood in metal pans which should be large enough to
contain all material in case of a spill.

Use a properly functioning fume hood (see Section 4.4) for procedures that
involve volatile chemicals or that may produce aerosols from nonvolatile chemicals. Some
aerosol-producing procedures include:
-Opening closed vessels
-Transfer operations
-Opening centrifuge containers

-Blending
-Mixing animal diets
-Inoculating and intubating animals

The fume hood must have a face velocity of at least 100 fpm when the window sash is
lowered to the designated working position for maximum air flow and shielding. While
the Safety Department periodically measures face velocities and records the value on
the hood, fume hood users should be alert to any decrease or egress of air flow (e.g.,
use a piece of tissue to verify flow). Don't use a poorly functioning fume hood until
repairs are made.

If sterility is required, tissue cultures containing low-level amounts of carcinogenic chemicals may be manipulated in Class II, Type B biological safety cabinets that
is vented to the building exhaust system. Class II, Type A biological safety cabinets may be
used only if adapted to discharge exhaust air to the outdoors. For cultures containing
larger amounts of carcinogens, Type B total exhaust cabinets may be used.

Never use clean benches or horizontal laminar flow cabinets for hazardous
chemicals since air passing over the work area is directed at the user.

Vent vapors or aerosols from analytical instruments (e.g., gas chromatographs)
into fume hoods or Class II, Type B biological safety cabinets, or capture at the exhaust
port with snorkels and duct into an exhaust system that vents outdoors.

Exhaust and supply air openings should be kept unblocked and free of debris.

Hand-washing facilities should be available in the lab. Liquid soap is recommended. Knee- or foot-operated apparatus is recommended for new laboratories.

Prominently marked emergency showers and emergency eyewash devices should
be readily available (see Chapter 5).
Operational Practices
The best laboratory available is of little use if the workers do not implement good work
practices. Procedures that help reduce risks include:

Only authorized personnel involved in research are permitted in the laboratory
(no casual visitors or children).

Keep access doors closed while work is in progress.

Inform maintenance and repair personnel of hazards and instruct them in precautions if they are permitted entry.

If housekeeping staff are permitted entry, inform them of work areas they should
not clean and waste receptacles they should not empty.

Keep working quantities of chemical carcinogens to a minimum.

Label all chemical carcinogens and mutagens.

Designate specific work sites and storage areas by labeling.
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Wear a fully-fastened, long sleeved laboratory coat and leave coats within the
laboratory before leaving.

Wear fresh gloves appropriate for the chemical carcinogen to be used. Wear
double gloving for especially hazardous compounds. Do not handle telephones, door
knobs, etc., while wearing contaminated gloves. Remove gloves after use, discard in the
appropriate waste container and wash hands.

Wear eye protection when working in laboratories. Nonrefracting safety
glasses or goggles are available from the UW Material Distribution Service. The Safety
Department provides prescription safety glasses at nominal costs for lab workers.

Do not eat, drink, smoke, chew gum, or apply cosmetics in laboratory areas where
chemical carcinogens are used or stored. Keep hands away from mouth, nose, eyes, and
face.

Do not store food in laboratory refrigerators.
Mouth pipetting is prohibited. Use mechanical pipetting devices.
Wash hands immediately after completing a procedure, after chemical exposure or spill,
and before leaving the laboratory.
Disposal
Chapter 7 discusses specific disposal chemical disposal methods and Chapter 8 discusses
animal use and disposal. Here well review some specific disposal considerations for
carcinogens and mutagens.
Appropriate procedures for disposal of chemical carcinogens and mutagens depend on
the nature of the agent and the manner and quantity in which it has been used. Properly
identified wastes collected by the Safety Department will be disposed of following all
EPA and State DNR rules and regulaitons.
Residues of chemical carcinogens and mutagens on glassware can be rinsed with solvent
into carboys supplied by Safety for disposal of organic solvents. In this way multi-gram
quantities of carcinogens and mutagens can be safely destroyed. olvents may be ethanol,
acetone, or dimethylsulfoxide (DMSO). The amount of water in the carboys should be kept
as low as possible. If appreciable amounts of halogenated
hydrocarbons are used, they must be disposed of in a halogen approved carboy, also supplied
by the Safety Department. See http://www.fprn.wisc.edu/safety or call the Safety
Department (2-8769) for information on disposal methods, waste analysis forms, and
collection times. There are also some agent-specific degradation and disposal methods:

Alkylating agents (see Annex 4-1) and nitrosamides are usually readily
destroyed by alkaline solutions. In a fume hood, dissolve the agent in a water-miscible
solvent (ethanol, acetone or DMSO) and slowly add an excess of 5% sodium hydroxide or
sodium thiosulfate. After 24 hours the mixture should be neutralized, if necessary, and
washed down the drain with large amounts of water. One word of caution, the treatment of
N-Methyl-N'-nitro-N-nitrosoguanidine (MNNG) and related nitrosamides with alkaline
substances should be carried out with extreme care because toxic, gaseous diazomethane is
produced.

Aromatic amines, polycyclic aromatic hydrocarbons, and nitro-samines can be
degraded by incineration temperatures. Thus they can be discarded in the appropriate
waste solvent jug if they are in solution.

Ethidium bromide can be disposed of by adding water (100 ml water to 100 mg
ethidium bromide or 100 ml of a 1 mg/ml solution) and 50 ml of 5% sodium hypochlorite
(e.g., Clorox-type bleach). After stirring the mixture for 4 hours or allowing the solution to
remain overnight in a fume hood, flush down a sewer drain with ten times the volume of
water.

Aflatoxin can be destroyed by oxidizing agents such as 5% Clorox followed after
several hours by an equal volume of 5% acetone.
Emergency Procedures
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In the event of an emergency (accident or spill), appropriate action, first aid, and
decontamination are highly dependent on the nature of the material. Therefore, it is
important to base an emergency response plan on the chemicals most likely to be
encountered. Post an emergency spill protocol in all laboratories which specifies
procedures, identifies appropriate response personnel to notify, and lists sources of
medical aid. Chapter 5 of Guide discusses emergency procedures.
4.5.d Chemicals that have a Specific OSHA Standard Because of their hazards,
OSHA has specific standards for exposure to
 asbestos
 2-acetylaminofluorene
 coal tar pitch volatiles
 4-dimethylaminoazobenzene
 N-nitrosodimethylamine
 13 carcinogens including 4 vinyl chloride
nitrobiphenyl
 Inorganic arsenic (& arsenate salts)
 alpha-naphthylamine
 lead
 methyl chloromethyl ether
 benzene
 3.3'-dichlorobenzidine (& salts)
 1,2-dibromo-3-chloropropane
 bis-chloromethyl ether
 acrylonitrile
 beta-naphthylamine
 benzidine
 ethylene oxide
 formaldehyde
 4-aminodiphenyl
 ethyleneimine
 cotton dust
 beta-propiolactone
 cadmium

If you can routinely
smell formaldehyde in
your work area you
may be overexposed.

If you work with any of the above chemicals, you need to be aware of and comply with
the specific OSHA standards governing their use. These standards are above those
required by the OSHA laboratory standard and, in some cases, may require special
signs, medical surveillance and routine air monitoring of your workplace. If you use
these chemicals routinely, even for short periods of time, you must have your
workplace evaluated by the Safety Department to assure that your work practices
and engineering controls are sufficient to keep your exposures below the OSHA
specified limits. The most common of these in laboratories are formaldehyde (formalin),
benzene and ethylene oxide.
Formaldehyde is a potent irritant, a skin sensitizer and a carcinogen. The current
Permissible Exposure Limit (PEL) for formaldehyde is 0.75 ppm and the odor threshold
for most people is 1 ppm. If you can routinely smell formaldehyde in your work area you
may be overexposed.
First, try to find a less toxic substitute material. If you must use formaldehyde, perform all
operations in a fume hood. Wear splash proof goggles and neoprene, butyl rubber or
polyvinyl gloves. Remember, 100% formalin is 37% w/v formaldehyde.
We have found that formaldehyde vapor is very difficult to control. Air monitoring shows
that it is often necessary to add ventilation and other engineering controls to protect
laboratory workers from dangerous levels of formaldehyde exposure. Call Safety if you
have any questions about the health risks of formaldehyde.
Benzene is a known human carcinogen, with an OSHA Permissible Exposure Limit of 1
ppm. Generally accepted safety guidance for carcinogen exposure is to limit one's
exposure to the lowest level feasible. Laboratory use of benzene has diminished
markedly in recent years, as xylene or toluene have been found to be satisfactory and
much less toxic substitutes in most cases.
Ethylene Oxide is also a known human carcinogen, with an OSHA Permissible Exposure
Limit of 1 ppm. It is a widely used sterilizing gas used for items that cannot
withstand steam autoclaving. Et0 sterilizers should be connected to dedicated
exhaust ventilation that purges the sterilizer chamber outdoors before the operator can open
the chamber. This is the type of engineering control necessary to reduce ethylene oxide
exposure to an acceptable level.
Laboratory Safety Guide

106 Laboratory Safety Procedures
4.5.e Precautions for Storing Osmium Tetroxide
Osmium tetroxide and sometimes ruthenium tetroxide are used in electron microscopy.
Because they are strong oxidizers, acutely toxic, volatile and difficult to contain, their
storage merits special precautions. Poorly stored osmium tetroxide is an unusually
difficult disposal problem.
Normally all of the osmium tetroxide in an ampoule is used at one time, but if surplus
needs to be stored it should be contained in the smallest container possible. This
minimizes the amount of vapor in the head space and the release of volatile hazardous
material when the container is opened.
Storage of concentrated solutions (1-5%) is a problem for the electron microscope labs
because usually only small amounts are used at a time. Seal spare crystals or solutions
in glass ampoules, using a flame to melt the glass. To avoid the problems of recontaining
surpluses, we recommend that you purchase tetroxide solutions in small, resealable
ampoules. If you are uncomfortable with flame sealing ampoules, a screw cap or crimp
collar and septum container is satisfactory for storage. It is essential that the cap or
septum liner not react with osmium tetroxide (use polyethylene or teflon) and that it
firmly contacts the bottle or vial rim. This requires that the liner be cushioned to provide a
seal when the cap is in place.
Wrapping a ground glass stopper with Teflon tape may adequately contain osmium
tetroxide if done carefully. A Teflon or polyethylene stopper in precision ground glass
may also work. Plastic snap-on caps on smooth rim volumetric flasks are suitable if they
fit correctly. Polyethylene snap-top tubes work as well, but they can splash upon forcing
open the snap-top. Other attempts to contain osmium tetroxide usually fail; even the
best ground glass stoppers allow tetroxide to leak. Silicone grease or parafilm wrapping
only postpones the eventual leaking.
4.5.f Corrosive Chemicals
Corrosives are materials that cause destruction on contact with living tissue. Precautions
for corrosives focus mainly on preventing such contact. Strong, concentrated or 100%, acids
and bases are especially dangerous. Aqueous strong acids (pH <2) or bases (pH > 12) at
greater than I molar, especially hydrofluoric acid, and strong organic acids (pKa <5) and
amines (pK0> 9) are corrosive to skin. Eye protection that forms a complete seal around
the eyes (goggles) and rubber gloves must always be used when handling corrosive
materials. A face shield over safety glasses, a rubber apron and rubber boots may also
be appropriate. An eyewash and safety shower must be readily accessible in areas where
corrosives are used and stored.
Acids and bases should be stored separately. Organic acids should be stored with
flammable materials, separate from oxidizers and oxidizing acids.
When mixing acids with water, slowly add the acid into the water. Acids that generate
heat during dilution, such as sulfuric, should be mixed over an ice bath to quench the heat.
Concentrated solutions of hydrochloric and nitric acids produce slight warming when
being diluted. Concentrated sulfuric acid, 18 molar, when diluted to 3.5 molar can
produce an 80 °C rise in water temperature.
4.5.g Reactive Chemical Precautions
The hazards of reactive chemicals are specific to each chemical's properties. Before
working with reactive chemicals, understand their dangers. Read the label for
recommended precautions. Consult references for specific information on their
reactivity and compatibilities. Chapter 2 provides an overview of reactive chemicals and
their identification.
With all reactives, use as small a quantity as possible. When working with reactive
chemicals, use a hood sash, a safety shield or a face shield. Segregate your reactive
chemicals and store them away from heat and sunlight.
Oxidizers: Oxidation reactions are a frequent cause of chemical accidents. When
stored, segregate oxidizers from flammable and combustible materials, organic

University of Wisconsin-Madison Safety Department (608) 262-8769

Laboratory Safety Procedures 107
Do not modify
literature procedures,
especially those
involving highly
reactive compounds,
without proper
technical review by
other scientists.

Inspect your stock of
reactive chemicals
regularly to see if they
are degraded and should
be disposed of.
Researcher heating a
mixture of aluminum
chloride, sodium azide
and dry tretrahydrofuran
on a hot plate thought to
be set at 65 °C in a
fume hood. While
researcher was away
from the hood, the
mixture detonated and a
fire ensued.
Cause: sodium azide can
explosively decompose
at temperatures above
275 °C, a steam or oil
bath was not used to
promote even heating.

material and other reducers.
Pyrophoric Chemicals: Pyrophoric materials (e.g., boranes, n-butyllithium, white
phosphorus) ignite spontaneously on contact with air. Avoid a flammable spill by storing
breakable glass bottles inside a rubber or plastic bottle carrier. Use and store all
pyrophorics in an inert atmosphere (e.g., stored under nitrogen or argon).
Shock Sensitive / Self Reactive / Explosive / Endothermic Substances: Atoms of these
substances are bonded to each other in an arrangement that has high potential energy.
They can then spontaneously release large amounts of energy when struck, vibrated,
dropped or agitated. An explosion results when a large amount of energy is released very
rapidly, a sensitive explosive is one that explodes on slight provocation. Examples of
"slight provocation" includes temperature increase, shock of impact, grinding, vibration,
or a chemical initiation. Chemical initiators include: redox; high nitrogen / oxygen
content (e.g., peroxide, halogen oxide, exceptionally nitrated compounds, etc.); copper,
silver and gold acetylides.
Some chemicals become increasingly shock sensitive with age. Inspect your stock of
reactive chemicals regularly to see if they are degraded and should disposed of those
compounds which appear degraded or of which you are suspicious.
Laboratory accidents may occur from the inadvertent formation of explosive or shock
sensitive materials such as peroxides from oxygen exposure on some chemicals,
perchlorates from perchloric acid procedures performed in fume hoods (see 4.6.g) and
azides from azide salt solutions acting on lead in drains.
Mercury manometers that are used to gauge ammonia or acetylene pressure have also
been involved in numerous lab accidents. Mercury nitride (a.k.a. fulminating mercury) or
mercurous acetylide can be formed by mercury oxide residue, that may be found on the
outside of the manometer tube, coming in contact with the gas while gauging its pressure.
Both can explode when the manometer tube is tapped by someone while trying to get a
reading from a "sticky" gauge.
Silver oxide and ammonia solution can produce a "fulminating silver" which is very
sensitive to movement and energetic in decomposition to its elements. This substance
also forms from left over, unreacted Tollins Test reagent. If the "silver mirror" test for
sugars is done, reduce any leftover reagent by immediately reacting the reagent with an
excess of a sugar.
Nitro organics such as nitromethane, nitrophenols and picric acid, form salts with a strong
base (e.g., sodium hydroxide). These solid salts are both thermal and shock sensitive,
producing quick, energetic decomposition.
4.5.h Peroxide-Forming Chemicals
Certain chemicals can turn into potentially dangerous, shock sensitive, organic peroxides
with prolonged storage and/or concentration. One step to reduce the risk is to simply
avoid the prolonged storage of all peroxide-forming chemicals. Use the
table on the following page as a guideline to determine safe storage limits for these
chemicals.
The chemicals listed in the Peroxide-Forming Chemicals table (next page) can form
polyperoxide chains or cyclic oligoperoxides that are difficult to detect and eliminate.
These peroxides can come out of solution and form crystals or a gel in the bottom of the
container. They are extremely unstable and can violently decompose with the smallest
disturbance, sometimes even spontaneously. Do not store these chemicals longer than
suggested, unless tests show that they contain less than 80 ppm of peroxides.
The chemicals listed as hazard due to peroxide initiation of auto- polymerization can
undergo explosive polymerization initiated by dissolved oxygen. Do not store these
chemicals longer than suggested, unless tests show that they contain less than 80 ppm of
peroxides.
The chemicals listed as peroxide hazard on concentration can form hydroperoxides and
ketone peroxides. These peroxides are soluble and can be detected with peroxide test
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Worker attempted to
use anhydrous ethyl
ether in a rotary
evaporator extraction.
The 4-liter container of
ether was nearly
empty. While pouring
the ether into the
apparatus in a fume
hood, he noticed the
liquid was oily and had
a strange odor.
Deciding not to use it,
he poured the ether
back into the can and
went home. The next
morning he noticed a
white residue inside
the evaporator and
used a metal spatula to
scrape the residue from
a glass joint. There was
a detonation that
shattered the glassware. He was cut on
the hands, face, ear and
scalp. He was wearing
safety glasses and glass
was embedded in the
lenses. The sash of
the hood was cracked
and the light in the
hood shattered.

strips or a KI-starch test. It is common to distill these peroxidizable solvents before use
and this concentrates the dissolved peroxides and subjects them to heat and mechanical
shock. To safely distill peroxidizable solvents:
 Eliminate the peroxides with a chemical reducing agent or pass the solvent through
activated alumina.
 Add mineral oil to the distillation pot. This has the combined effect of "cushioning"
any bumping, maintaining dilution and serving as a viscous reaction moderator in case the
peroxides begin to decompose.
 Carefully monitor the distillation process to ensure that it does not dry out completely, and
then overheat.
Reducing Peroxides During Distillation
Add small pieces of sodium metal to the distillation vessel to reduce peroxides. Use
benzophenone as an indicator for the presence of sodium metal (benzophenone, in the
presence of sodium metal forms a radical with a deep-blue color). When the blue color
disappears, add more sodium metal. Be wary of high peroxide levels and wary of
cleaning a "spent" pot.
If you have any of the peroxidizable solvents listed in the table that are older than the
recommended shelf life, test them for peroxides if you can do so safely or call the
Safety Department for help.
Testing Peroxide-forming Agents
The most hazardous compounds are those that form peroxides on storage without being
concentrated. These are materials that can accumulate hazardous levels of peroxides
simply on storage after exposure to air. Peroxide-forming compounds that consist of vinyl
monomers can form peroxides that can then initiate explosive polymerization of the
monomers. When they are stored as a liquid, the peroxide-forming potential increases
and certain monomers (especially butadiene, chloroprene, and tetrafluoroethylene)
should be considered a peroxide hazard on storage. Thus, prior to working with a listed
compound test the peroxide level.
1.
Carefully examine the container for date of receipt and overall
condition. Containers that show signs of oxidation (e.g., rusty container or cap) or
are stored longer than the recommended shelf life should be handled with extreme
caution Do not open or move any of these containers. Call the Safety Department for
assistance.
2.
If the material is within the recommended shelf life, determine its peroxide
content. Quantitative test strips are available from numerous vendors. They are as easy
to use as pH paper.
3.
Materials with peroxide levels less than 80 ppm may be used as usual.
4.
Any compound containing peroxides in excess of 80 ppm should be treated and
disposed. Call a Safety Department chemist for specific treatment and disposal methods.
As with any procedure described in this Guide, the Safety Department chemists will
demonstrate peroxide testing or inspect a suspect container in your laboratory.
Peroxide-Forming Chemicals

High risk peroxide forming materials. Oxidation products are easily formed that are sensitive and
energetic. Examine these quarterly. The usual peroxide test will only work for isopropyl ether.
Sodium amide
Butadiene
Isopropyl ether
Vinylidene chloride
Divinyl ether
Potassium
Divinyl acetylene
amide
Common solvents that can accumulate peroxide
products that are a risk on heating and concentration.
Potassium
Test for peroxides yearly.
metal
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Acetal
Dicyclopentadiene
Furan
2-Butanol
Isopropanol
Diglyme
Methylcyclohexane
Cellosolves (e.g., 2-ethoxyethanol)
Diethyl ether (ethyl ether)
Cumene (isopropylbenzene)
Methyl isobutyl ketone
1,4-Dioxane
Cyclohexene
Tetrahydrofuran
Ethylene glycol dimethyl
Decalin (decahydronaphthalene)
Tetrahydronaphthalen
ether (monoglyme)
Liquids and liquefied compressed gases that can be initiated by oxygen to polymerize. The usual peroxide test
e
may not show peroxides. But there are indicators of polymerization. When inspecting liquids, look for an
increase in viscosity. When inspecting gases, look for residue after evaporation of a sample. Both of these
may suggest a polymer.
Chlorotrifluoroethylene
Styrene
Acrolein
Ethyl
acrylate
tetrafluoroethylen
Acrylonitrile
Acrylic acid
Ethyl vinyl ether
e Vinyl acetate
Chloroprene (2-chIorobutadiene)
4.5.i Ethidium Bromide (EtBr)
Ethidium bromide is a powerful mutagen widely used in biochemical research
laboratories for visualizing DNA fragments. It binds to single-, double- and triple-stranded
DNA. Its primary mobility hazard is as a dust dispersed in air while being transferred as a
powder from one container to another or while making solutions. Airborne dispersion is
also a concern when cleaning spilled powder. Fortunately, ethidium bromide is brilliantly
self-indicating in its intense color. Contact with skin will show.
There is no information on its rate of transport through skin. Mutagenic concentrations
demonstrated effects on DNA separations in cell division in fruit flies at 1200 ppm and
DNA damage in HeLa cells in culture at 16 ppm solution application. The threshold of
noticeable color is about 16 ppm. Thus, any contact that stains
skin should be washed off with soap and water until the stain is removed. Seek
immediate medical attention for dust inhalation that is at the level where color is seen
in sputum or on a nose swab.
Ethidium bromide stains will bind to absorbents and gels so that these two times won't
become sources of the dye. The sanitary sewer limit for ethidium bromide is 10 mg/L
(see Chapter 7). Solutions disposed via sanitary sewer will rapidly dilute below hazard
levels before treatment collection is reached. Non-permeable surfaces like glazed
ceramics, metal and glass can be washed free of the dye and trashed, sharps can be
disposed or reused, whichever is appropriate (see Chapter 9).
4.5.j Mercury
Mercury metal is one of the noble metals. It is quite stable to oxidation and occurs
naturally, in some cases, as the metal. The oxide is easily decomposed to mercury vapor
at — 500 °C. The metal is uniquely volatile for a metal; vapor pressure is 2.5 x 10-3 mm
Hg at ambient temperature. This is may seem to be a low pressure to be calling mercury
"volatile," but the hazards of breathing and skin absorption at that concentration are real.
Mercury spilled on the floor in a room will not result in equilibrium vapor pressure in
any reasonable amount of time. Undisturbed evaporation of a 10 cm diameter pool of
mercury is estimated at 0.1 jig/sec, which gives very low levels of vapor in lab air.
Noticeable mercury exposures will occur whenever a thermometer bulb is broken and
trapped in a rug that is then walked on. Vapor can be plumed into the air and will
accumulate if the ventilation rate is very slow, as is the case in an air tight house in the
winter. People who constantly work in the contaminated space will need a few months
to accumulate a hazardous blood level. However, mercury accumulation can be
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Worker received a
potentially fatal electric
shock when he touched
a high voltage
electrical connector on
an electrophoresis
device. These
connectors were in the
form of stack-able
banana plug and the
male connector plug
was left exposed with
no insulation.

drastically hastened if a vacuum cleaner sucked the mercury from a rug or floor and
blew warm air over it while it was in the collection bag. Vacuuming could thus throw
the whole amount into the air during the time the machine is running. Because the
person vacuuming would be breathing at an elevated level, they could rapidly intake a
large quantity.
High surface tension and poor "wetting" ability of liquid mercury makes handling drops of
the liquid generally safe. Transdermal diffusion will occur when the skin is stained with a
dispersion of the metal. People can be poisoned if they rub the metal into their skin and
leave it on for a while.
Mercury compounds are a totally different case. A notable example is the case of the
mobile, volatile and penetrating dimethyl mercury. A few drops that can rapidly absorb
into the skin of the hands can lead to slow death over months. Skin whitening cream that
have used mercury chloride as an ingredient have slowly invaded the users system and
produced toxic symptoms. A few tenths of a gram of mercury in the body as a burden,
whether rapidly acquired or slowly, can be lethal.
4.6 Laboratory Equipment Hazards
Remember the proverb, "familiarity breeds contempt?" Your laboratory has many
potential hazards. Working within this environment day-after-day safely often causes
workers to forget the potentially hazardous nature of their environment. Never
underestimate the hazards associated with a laboratory.
Instruments and equipment that operate at high voltage, high pressures, high
speeds or high temperatures, are potentially dangerous. Such equipment should be
inspected and maintained regularly and serviced to reduce the hazards from failure. Many
of the pieces of equipment you use daily can pose a hazard. When using any equipment
remember:





Never attempt to
operate a machine
or instrument until
your supervisor has
trained you in
proper operating
procedures and
safe use.

Disconnect any
equipment that is unsafe
or does not work
properly, and remove it
from service. Notify
your supervisor of the
problem.

use the correct equipment"
know how to operate the equipment
inspect the equipment
use the equipment properly

Equipment purchased for use in your lab is designed to be safely operated. Use the equipment
for its intended purpose only. Do not modify or adapt equipment without guidance from the
equipment manufacturer. Do not defeat, remove, or override equipment safety devices.
Be aware of the hazards of each type of equipment. Before using a new piece of equipment,
or one you have not used before, review the manufacturers literature to become familiar
with how to operate the item and appropriate safeguards. Always inspect equipment before
using and keep the area around instruments and equipment clear of obstructing materials.
Another potential hazard from operating equipment is aerosol production. An aerosol refers
to the physical state of liquid or solid particles suspended in air. Aerosols containing
infectious agents and hazardous materials can pose a serious risk because:

if inhaled, small aerosol particles can readily penetrate and remain deep in the
respiratory tract,

aerosols may remain suspended in the air for long periods of time, and

aerosol particles can easily contaminate equipment, ventilation systems, and
skin.
Types of operations which may lead to the production of aerosols include:
 centrifuge  blender
 shaker
 magnetic stirrer
 sonicator  pipet
 vortex mixer
 syringe and needle
 vacuum-sealed ampoule
 grinder, mortar and pestle
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To reduce or eliminate the hazards associated with aerosols:

Conduct procedures that may produce aerosols in a biological safety cabinet or a
chemical fume hood.

Keep tubes stoppered when vortexing or centrifuging.

Allow aerosols to settle for one to five minutes before opening a centrifuge, blender
or tube.

Place a cloth soaked with disinfectant over the work surface to kill any biohazardous agents.

Slowly reconstitute or dilute the contents of an ampoule.

When combining liquids, discharge the secondary material down the side of the
container or as close to the surface of the primary liquid as possible.

Avoid splattering by allowing inoculating loops or needles to cool before touching
biological specimens.

Use a mechanical pipetting device.
4.6.a Centrifuges
Centrifuging presents the possibility of two serious hazards: mechanical failure and aerosols.
While the most common hazard associated with centrifuges is a broken
tube, given the high speeds achieved and the necessity to maintain balance it is important
to properly load the unit, operate it only a speeds recommended by the manufacturer, wait
until it has completely stopped before removing all of the sample and properly cleaning
the unit. The following guidelines help reduce accidents:
A Beckman ultracentrifuge using a large
aluminum rotor was
spinning milk samples.
The rotor failed due to
excessive mechanical
stress and the
subsequent explosion
completely destroyed
the centrifuge. The
cause of the failure is
believed to be the use of
a model of rotor that
was not approved by
Beckman for use in that
ultracentrifuge.


When loading the rotor, examine the tubes for signs of stress and discard any tubes
that are damaged.

Inspect the inside of each tube cavity or bucket. Remove any glass or other

debris from the rubber cushion.

Insure that the centrifuge has adequate shielding to guard against accidental

flyaways.

Use a centrifuge only if it has an interlock that deactivates the rotor when the lid

is opened.

Do not overfill a centrifuge tube to the point where the rim, cap, or cotton plug
becomes wet.

Always keep the lid closed during operation and shut down. Do not open the lid
until the rotor is completely stopped.

Do not brake the head rotation by hand.

Do not use aluminum foil to cap a centrifuge tube, it can rupture or detach.
When balancing the rotors, consider the tubes, buckets, adapters, inserts, and any added
solution.

Stop the rotor and discontinue operation if you notice anything abnormal such as
noise or vibration.

Rotor heads, buckets, adapters, tubes and plastic inserts must match.
Some low-speed and small portable centrifuges may not have aerosol-tight chambers and
may allow aerosols to escape. In these instances, use a safety bucket to prevent aerosols
from escaping. High-speed centrifuges pose additional hazards due to the higher stress
and force applied to their rotors and tubes. For high-speed centrifuges:




Filter the air exhausted from the vacuum lines
Keep a record of rotor usage to reduce the hazard of metal fatigue
Frequently inspect, clean, and dry rotors to prevent corrosion or other damage.
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Proper care and inspection of centrifuge rotors is important. Periodic cleaning of the rotor
and chamber is necessary to keep the unit in proper working order. Clean any spills
immediately. Other tasks which can assure safe use of centrifuges include:

Review the rotor SOP to insure it includes the manufacturer's safety instructions.

Visually inspect the rotor for mechanical or chemical damage prior to each use.
Inspect the underside of the rotor, the web area of the rotor and the outer rim. Insure the
top and bottom pieces of the rotor are tightly connected.

Certain chemicals (e.g., phenol) attack plastic rotors and some nucleic acid
extraction kits can damage the rotor. Chemical damage often appears as discoloration,
crazing, granulation, peeling or similar deterioration of the rotor finish.

Mechanical damage such as cracks, scratches, or gouges can often be seen or
detected as an increase in noise or vibration during a spin. Do not ignore excessive
vibration that does not resolve after rebalancing and checking the fit of the rotor cover. Do
not use the rotor if any damage or change is evident.

Always use the rotor cover. Use an aerosol seal for containment of pathogenic
materials. If you see scoring around the circumference of the top of the plastic rotor cover,
replace the rotor, since this may indicate rotor deformation
4.6.b Compressed Gas Cylinders
As noted in Chapter 2, compressed gases in the lab present chemical and physical hazards.
If compressed gas cylinders are handled incorrectly, they can be lethal. A broken cylinder
valve can cause a cylinder to act like a rocket. Exposure to some gases, such as hydrogen
sulfide from a cylinder leak, can be lethal.
Storage of Large (50 inch) Compressed Gas Cylinders

Always secure gas
cylinders to a wall
or a stable bench with
clamps, straps or
chains.


Buildings where large gas cylinders are used should have a designated area for
storing newly received cylinders and empty cylinders for return to Materials Distribution
Services (MDS). Use chains or straps to keep cylinders secured to a wall or a cylinder rack.

Never accept a cylinder if the name of the contents is missing or illegible.

Don't rely on color codes for identification. Don't accept a cylinder if it only has a
color code or the color code does not match the printed name.

Transport cylinders on a cylinder cart with a safety chain. Never move a gas
cylinder unless the cylinder cap is in place. Do not move a cylinder by rolling it on its base.
Do not lift cylinders by the cap.

Always secure gas cylinders to a wall or a stable bench with clamps, straps or
chains. Fasten cylinders individually, not ganged, in a well ventilated area. Even empty
cylinders must be secured. Bench clamps are available from MDS.

Don't remove protective cylinder caps until the cylinder is secured. Replace cylinder
caps before returning cylinders to their storage area.

A maximum of 3 flammable, oxygen or health hazard gas cylinders should be stored
per 500 square feet of area.

Store cylinders of flammable and oxidizing agents at least 20 feet apart.

Keep only the cylinders that are necessary for current work in your lab.

Keep cylinders away from all sources of heat, sparks, flames and direct sunlight
to prevent pressure increases. Do not heat cylinders to raise internal pressure.

Do not store gas cylinders in hallways or public areas.
Use of Gas Cylinders

Only use regulators approved for the type of gas in the cylinder. Do not use adapters
to interchange regulators and never use improvised adapters.

Always wear impact resistant glasses or goggles when working with compressed
gasses.

Never refill gas cylinders.
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Limit the amount of highly reactive, toxic, or flammable chemicals to the quantity
necessary for planned experiments, or that will be used within a few months. Avoid the
use of these compounds whenever possible

Before using, check all connections under pressure for leaks. Swab connections with
a soap solution and look for bubbles.

Don't leave regulators and valves on corrosive gas cylinders except when they are
in frequent use. Work the valve stem of a corrosive gas cylinder often to keep it from
freezing.

Do not force valve stems; they can easily snap off.

Turn off both the main valve and regulator when not using the cylinder.

Do not use copper (> 65% copper) connectors or tubing with acetylene, the acetylene can form explosive compounds with silver, copper and mercury.

Clearly mark empty cylinders "empty." Secure empty cylinders in your building's
designated cylinder storage area until they are picked up by the vendor.
Rent and Demurrage for Large Gas Cylinders
For larger gas cylinders, there is usually a charge for the time the cylinder is in service.
Often this charge is in the form of demurrage, that is, a rental charge that starts after an
agreed upon period of time. These charges are quite small on a monthly basis, but can
add up over time. For example, a scientist on campus used a cylinder of nitrogen from 1986
to 1992. The price of the gas was $8.82 but he paid over $135 in cylinder rental. To
minimize these rental charges:

Order only the quantities of the gas that you need.

Keep track of the location of each cylinder and the date you received it.

Use your cylinders on a first-in first-out basis.

If you have no plans to use a cylinder for several months, it may be worthwhile to
return a partially full cylinder rather than storing it.
Precautions for Flammable Gases

In 1993 the University
spent $170,000 for
analysis and disposal
of 85 discarded
lecture bottles.

Flammable gases pose a double hazard. Restrict the use of flammable gases (e.g.,
hydrogen, acetylene, propane, butane, etc.) to no more than three 220-ft3 cylinders of
flammable gases or oxygen per 500 ft2 of unsprinklered laboratory space and use no more
than 400 ft3 of hydrogen gas in areas below ground level. If possible, use flammable
gases only in areas where a flammable gas detection system is installed. Do not flare or
burn off residual gas from laboratory equipment, duct the gas to a scrubber and
neutralize it, or call the Safety Department for proper disposal instructions.
Precautions for Lecture Bottles
Lecture bottles are small gas containers that can become a serious disposal problem for
the University. In 1993 the University spent $170,000 for analysis and disposal of 85
discarded lecture bottles ($2,000 per lecture bottle). This high disposal cost reflects the
hazards of laboratory gases and the difficulty of disposing of lecture bottles. Exotic and
toxic gases (e.g., arsine, phosgene and nitrogen dioxide) are often supplied in lecture
bottles. The most expensive to dispose of are lecture bottles that are old, have inoperable
valves or have no markings to indicate the contents.
Old lecture bottles can leak or spontaneously rupture. Here are some steps to take to
minimize the hazards and cost of lecture bottle disposal.
Annually inspect your lecture bottles. Examine your lecture bottles for the integrity of
their markings, tare weight tags and for corrosion. Use a soap solution (see above) to
check for leaks at the valves. If labels and valve tags do not agree or if there is any
question as to the contents, call Safety. Dispose of all lecture bottles that you have no
plans to use in the immediate future. Call Safety for disposal instructions (see Chapter 7).
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Store them safely. Lecture bottles should be stored in a separate ventilated cabinet
where the temperatures do not exceed normal room temperatures. Because lecture bottles
may contain gases that are liquified at pressures below the 150 atmospheric limit, they can
be more susceptible to increased pressure with heating;
especially if critical temperature is attainable near room temperatures, lay them on their
sides with their valves pointed toward the ventilation port.
Do not store corrosives with lecture bottles. The corrosive vapors of chemicals such as
hydrochloric acid or nitric acid can destroy markings and damage valves.
Track their use. Attach a clipboard to the cabinet or a tag to the cylinder to record dates
and the weight of bottles before and after use.
Buy only the amount
of gas necessary for
your work and use it
all.

Buy what you need; use what you buy. Buy only the amount of gas necessary for your
work and use it all. Consider the efficiency of sharing gases with other labs.
Return unwanted or surplus cylinders or lecture bottles to the vendor. Some vendors will
take back surplus gas and empty lecture bottles. When buying gases, ask the vendor
about providing return service. Consider the high cost of disposal if the vendor will not
accept surplus gases for return. Safety has lists of the vendors who accept returned
lecture bottles. We can also help you with packaging, labeling and shipping cylinders to
be returned.
Give Safety your unwanted lecture bottles. If you have lecture bottles that will not be
taken back by the vendor call Safety for removal. Safety will dispose of lecture bottles
not returned to the vendor. Don't mark a bottle "empty" unless you know that it is
actually empty.
4.6.c Cryogenic Liquids

A 250 ml glass flask
over- pressurized and
burst, spraying 2
workers with glass
shards. A small leak /
pinhole in the flask
developed while being
frozen and liquid
nitrogen entered
the flask. When the
flask warmed, the
nitrogen vaporized.

Cuts from forcing
glass tubing into
stoppers or plastic
tubing are the most
common kind of
laboratory accident.

Cryogenic liquids are hazardous because of the physical and chemical characteristics of
their super-cooled state. Cryogenic liquids may cause explosions, fires, asphyxiation,
tissue destruction or embrittlement of structural materials. Follow these guidelines for
using cryogenic liquids:

Avoid skin and eye contact with cryogenic liquids. Always wear eye protection,
preferably a face shield. Don't use gloves that can be frozen to the skin.

Keep cryogenic liquids away from all sources of ignition.

Store cryogenic liquids in a well-ventilated area to avoid buildup of flammable
gases or the displacement of air. Do not inhale cryogenic vapors.

Store cryogenic liquids in double-walled, insulated containers (e.g., Dewar
flasks). Handle Dewar flasks carefully. Tape them thoroughly to prevent the release of
a large number of tiny glass slivers in the event the flask shatters.

Pre-cool receiving vessels to avoid thermal shock and splashing.

Select work materials wisely. Cryogenic liquids alter the physical characteristics
of some materials. Accidents have been reported where Pyrex tubes have failed causing
injury.

Use tongs to place and remove items in cryogenic liquid. Rubber and plastic may
become very brittle in extreme cold, handle these items carefully when removing them
from cryogenic liquids.

Use extreme care in transporting cryogenic containers. Use a cart for large
cryogenic containers.
4.6.d Glassware Use
Broken glass is one of the most common causes of laboratory injuries. To reduce the chance
of cuts or punctures, use common sense when working with glassware. Inspect
glassware for chips and cracks before use. When you cut glass, use hand protection and
fire-polish all cut surfaces. Follow these additional tips to reduce the risk of injury:


Never use laboratory glassware to serve food or drinks.
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Use care in handling and storing glassware to avoid damaging it.

Discard or repair any chipped or cracked items.

Leave at least 10% air space in containers with positive closures.

When possible, substitute plastic or metal connectors for glass connectors.

Thoroughly clean and decontaminate glassware after each use.

When inserting glass tubing into rubber stoppers, corks, or tubing:

Use adequate hand protection (e.g., gloves or a towel)

Lubricate the tubing

Hold hands close together to minimize movement if the glass breaks.

Use thick-walled, round-bottomed glassware for vacuum operations. Flat
bottomed glassware is not as strong as round-bottomed glassware. Carefully handle
vacuum-jacketed glassware to prevent implosions. Dewar flasks, vacuum desiccators, and
other evacuated equipment should be taped or shielded and for vacuum work, use only
glassware designed for that purpose.

Large glass containers are highly susceptible to thermal shock. Heat / cool large glass
containers slowly. Use Pyrex or heat-treated glass for heating operations.
With proper precautions, work with glassware can be conducted safely.
Do not use chromic
acid to clean glassware, use a standard
laboratory detergent.
Chromic acid is
extremely corrosive.
(see Chapter 6)


When handling cool flasks, grasp the neck with one hand and support the bottom with
the other hand.

Lift cool beakers by grasping the sides just below the rim. For large beakers, use two
hands, one on the side and one supporting the bottom.

Never carry bottles by their necks.

Use a cart to transport large bottles of dense liquid.
Regardless of the precautions you take, glass may still break. Broken glass poses a hazard
for puncture wounds and injection of hazardous chemicals.

Do not pick up broken glass with bare or unprotected hands. Use a brush and
dustpan to clean up broken glass. Remove broken glass in sinks by suing tongs for large
pieces and cotton held by tongs for small pieces and slivers.

Glass contaminated with biological, chemical or radioactive material must be
decontaminated before disposal.

Follow the guidance in Chapter 9 for disposal of glass and other sharps.

Most of the recent
laboratory fires on
campus were started by
the careless handling of
electrical
equipment.

Acetone spilled out of a
reaction vessel during the
addition of dry ice. It
seeped underneath a
nearby electronic
balance and ignited.

Frozen Glass Stoppers. Ground glass stoppers frozen by contact with base solutions may be
welded hopelessly. Those welded by fluoride solutions may have built-up pressure of
silicon tetrafluoride. Be careful when removing frozen glass stoppers. First try s oaking
the stopper in hot water to expand the glass. If this doesn't work, try a special solution
for freeing frozen joints:

10 parts chloral hydrate,

5 parts gl ycerin,

5 parts water and

3 parts concentrated HC1
Paint the solution on the frozen ground glass joint or immerse into the solution. If you
need to remove a stopper by tapping, wrap the stopper in a cloth or paper towel and wear
gloves to protect your hands and prevent injury in case of breakage.
4.6.e Electrical Safety
Most of the recent laboratory fires on campus were started by the careless handling of
electrical equipment. Laboratories have stills, water baths and other apparatus that can
overheat or cause electrical shocks. Minimize electrical safety hazards with the following:
 Before use, check all electrical apparatus for worn or defective insulation and loose
or broken connections. Power cords should be checked closely and replaced if defective.
Laboratory Safety Guide

116 Laboratory Safety Procedures

Connect all ground wires to clean metal, avoid painted surfaces. Use three-prong
grounded plugs whenever possible.

Keep electrical wires away from hot surfaces.

Don't allow water and other potentially destructive liquids to leak on electrical wires,
switches and outlets.

Avoid the use of extension cords. University policy only allows extension cords in
temporary situations. The cord must be grounded.

Never touch a switch, outlet or other electric power source with wet hands.

Don't use homemade or makeshift wiring, call an electrician for wiring.
Electrophoresis equipment is an example of a system which may be a major source of
electrical hazard. This is because there is both high voltage and conductive fluid which
presents a potentially lethal combination. Workers may be unaware of the hazards
associated with electrophoresis. A standard electrophoresis operating at 100 volts can
deliver a lethal shock at 25 milliamps. Even a slight leak in the device tank can result in a
serious shock. Besides the above, use these safety precautions to protect yourself from
the hazards of electrophoresis and electrical shock.

Follow the equipment operating instructions.

Use physical barriers to prevent inadvertent contact with the apparatus.

Use electrical interlocks.

Do not disable safety devices.

Use warning signs to alert others of the potential electrical hazard.

Frequently check the physical integrity of the electrophoresis equipment.

Turn the power off before connecting the electrical leads, opening the lid or
reaching into the chamber.

Use only insulated lead connectors and connect one lead at a time using one hand
only. Insure that your hands are dry when connecting the leads.

Keep the apparatus away from water and water sources.

Never leave an open
flame unattended

4.6.f Heating Systems
Next to glass failure, the most common source of laboratory injury is the improper
manipulation of heating apparatus, particularly gas burners. These systems are needed
to provide the heat needed to effect a reaction or a separation. These include:
-open flame burners -oil and air baths
-furnaces
-hot plates
-hot air guns
-ashing systems
-heating mantles
-ovens
-microwave ovens
Some laboratory heating procedures involve an open flame. Common hazards
associated with laboratory heating devices include electrical hazards, fire hazards and
hot surfaces. When temperatures of 100 °C (212 °F) or less are required, it is
safer to use a steam-heated device than an electrically heated device because they do not
present a shock or spark hazard and they can be left unattended with the assurance that
their temperature will never exceed 100 °C (212 °F). Follow these guidelines when using
heating devices:

A rule-of-thumb to
remember:
Reaction rates
double for each
10°C (18 °F)
increase in
temperature.


Before using any electrical heating device insure that the heating unit has an
automatic shutoff to protect against overheating and that all connecting components are in
good working condition.

Heated chemicals can cause more damage and more quickly than would the same
chemical at a lower temperature.

Heating baths should be equipped with timers to insure that they turn on and off at
appropriate times.

Use a chemical fume hood when heating flammable or combustible solvents.

Arrange the equipment so that escaping vapors do not contact heated or sparking
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surfaces.

Use non-asbestos thermal-heat resistant gloves to handle heated materials and
equipment.

Do not leave oil baths unattended. Place your oil bath within a plastic or metal tray
to contain any spills.

Perchloric acid digestions must be conducted in a perchloric fume hood.

Minimize the use of open flames.

It is a good idea to connect all exit ports from gas chromatographs (GC), atomic
absorption (AA) spectrometers and other analytical instruments to an exhaust ventilation
system to exhaust toxic contaminants from the laboratory. Generally speaking, emission from
a GC is not significant, but an AA that uses a flame should be installed with a chimney
anyway.
Keep pressures and
volumes to the
smallest amount
needed for the
procedure.

Pressurized systems
should not include
glass components
unless they are
specially designed
and intended for
that purpose.

4.6.g Pressurized Systems
Processes requiring high pressures present a physical hazard should the equipment fail.
High pressure operations should only be conducted in equipment specifically designed for
this use and only by persons trained to use the equipment. Do not conduct a reaction in,
or apply heat to, a closed system apparatus unless the equipment is designed and tested
to withstand pressure (e.g., such systems may be stamped with safe operating pressures
or have a plate attached with the information). Pressure systems should also have an
appropriate relief valve. Additionally, pressurized systems must be fully shielded and
should not be conducted in an occupied space until safe operation has been assured. Until
safe operation is assured, remote operation is mandated. Points to remember for
pressurized work:

Minimize risk and exposure.

Identify and assess all hazards and consequences. In particular, consider how failures
may take place and their consequences.

Use remote manipulations whenever possible. Similarly, conduct the procedure with
equipment at locations remote from personnel.

Minimize pressure, volume and temperature. The stored energy available for release
is proportional to the total volume and pressure.

Design conservatively. Don't assume that the apparatus will have an "inherent safety
factor," sometimes this supposed factor will not be present.

Use material with a predictably safe failure mode. Seek material which will fail in
a ductile manner. Do not use a brittle material in an occupied area unless it is properly
shielded or barricaded. Remember, a failure is possible if the material is not correct for the
application, if fabrication is haphazard, or the right process is not employed.

Demonstrate structural integrity by a proof test. Ensure that the components of
the pressurized system will maintain structural integrity at the maximum allowable
working pressure.

Operate within the original design parameters. Do not exceed maximum allowable working pressure (MAWP). Do not change working fluids or service environments
without considering the consequences of a failure.

Provide backup protection. Suitable pressure relief valves should be installed to
insure that the pressure level will stay within safe limits if the equipment malfunctions of
is improperly operated.

Use quality hardware. When buying material, insist on information about the
manufacturer's design, test and quality control.

Use protective shields / enclosures. These are essential if quality hardware is not
procured and they provide insurance for the unpredictable failure.

Use tie-downs to secure tubing, hoses, and piping. Remember, if a line fails
under pressure it can whip about unless it is restrained.

Do not leave a pressurized system unattended.
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4.6.h Vacuum Systems

All vacuum equipment is subject to
possible implosion,
conduct all vacuum
operations behind a
table shield or in a
fume hood.

Vacuum systems may have similar hazards as high pressure work. Here, vacuum lines
and other glassware at sub-ambient pressure may implode, flying glass is not the only
hazard. Dangers associated with possible toxic chemicals contained in the system as well
as fire (e.g., of a solvent stored in the container). Precautions to help insure safety:

Insure that pumps have belt guards in place during operation.

Insure that service cords and switches are free from defect.

Always use a trap on vacuum lines to prevent liquids from being drawn into the
pump, house vacuum line, or water drain.

Replace and properly dispose of vacuum pump oil that is contaminated with

condensate. Used pump oil must be disposed to UW Safety (see Chapter 7).

Place a pan under pumps to catch oil drips.

Do not operate pumps near containers of flammable chemicals.

Do not place pumps in an enclosed, unventilated cabinet.
Glassware used in vacuum operations may pose a hazard if it breaks. To reduce the injury
from glass debris:

Only heavy-walled round-bottomed glassware should be used for vacuum operations. The only exception is glassware specifically designed for vacuum operations (e.g.,
Erlenmeyer filtration flask).

Wrap exposed glass with tape to prevent flying glass if an implosion occurs.

Carefully inspect vacuum glassware before and after each use. Discard any glass
that is chipped, scratched, broken, or otherwise stressed.
Glass desiccators may develop a slight vacuum due to contents cooling. When possible,
use molded plastic desiccators with high tensile strength. For glass desiccators, use a
perforated metal desiccator guard.
Vacuum pumps often have a cold trap in place to prevent volatile compounds from
getting into hot pump oil and vaporizing into the atmosphere and to prevent moisture
contamination in a vacuum line. Guidelines for using a cold trap include:

Locate the cold trap between the system and vacuum pump.

Insure the cold trap is big enough and cold enough to condense vapors present in
the system.

Check frequently for blockages in the cold trap.

Use isopropanol/dry ice or ethanol/dry ice instead of acetone/dry ice to create a
cold trap. Isopropanol and ethanol are cheaper, less toxic, and less prone to foam.

Do not use dry ice or liquefied gas refrigerant bath as a closed system, these can
create uncontrolled and dangerously high pressures.
4.6.i Distillation of Organic Solvents
Potential hazards from distillations arise from pressure buildup, flammable materials, and
the use of heat to vaporize the chemicals involved. Care must be taken during construction
of the system to insure effective separation and to avoid leaks which could lead to fires
or contamination. Take precautions with distillations and reactions, especially when
they run overnight. Use these guidelines for safe distillations:

Prevent overheating by ensuring that all hoses and connections are securely tightened.

Always leave a phone number where you can be reached. Post it on the door of
your lab so that emergency responders can contact you for information in case of a fire or
emergency. See the section on emergency posting in Chapter 5 of this Guide.

Use boiling chips or stir bars to prevent bumping during distillations, refluxing,
and similar procedures.

Be aware when distilling chemicals that certain types may autoxidize and
accumulate peroxides. Peroxides can explode when heated and concentrated during a
distillation. For more information on peroxides see Section 4.5.g.

Use only round-bottom flasks for vacuum distillations. Erlenmeyer flasks are
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more likely to implode. Vacuum distillations or evaporations should always be shielded in
case of implosion.
4.6.j Refrigerators / Freezers

Do not store food or
drink in laboratory
refrigerators unless
labeled “For Food
Only

As noted earlier (cf., 4.2.c), using a household refrigerator to store laboratory chemicals is
hazardous for several reasons. Many flammable solvents are still volatile at refrigerator
temperatures. Refrigerator temperatures are typically higher than the flash point of most
flammable liquids. Additionally, the storage compartment of a household refrigerator
contains numerous ignition sources including thermostats, light switches and heater strips.
Furthermore, the compressor and electrical circuits, located at the bottom of the unit where
chemical vapors are likely to accumulate, are not sealed.
Laboratory-safe and explosion-proof refrigerators typically provide adequate protection for
chemical storage in the laboratory. For example, laboratory-safe refrigerators are
specifically designed for use with flammables since the sparking components are located
on the exterior of the refrigerator. Explosion-proof refrigerators are required in areas that
may contain high levels of flammable vapors (e.g., chemical storage rooms). These
guidelines will help insure safety:

Never store flammable chemicals in a household refrigerator.

Do not store food or drink in a laboratory refrigerator / freezer.

Insure that all refrigerators are clearly labeled to indicate suitable usage.

Laboratory-safe and explosion-proof refrigerators should be identified by a
manufacturer label.
Refrigerators used to hold food should be labeled, "For Food Only."
4.6.k Autoclave Safety
Autoclaves are used in many areas to sterilize materials by high heat and pressure. The
hot (132 °C [270 °F]), pressurized (30 psi) steam that autoclaves generate make them
serious burn hazards as well. Burns can result from physical contact with the autoclave
structure and from contact with the steam leaving the unit. Explosive breakage of glass
vessels due to temperature stresses can produce mechanical injury, cuts and burns during
opening and unloading the unit. Burns can also result from careless handling of vessels
containing hot liquids. Additionally, because of the extreme conditions created inside
steam autoclaves, they can easily malfunction if not carefully maintained. Because each
autoclave make / model has unique characteristics, it is imperative that you read and
thoroughly understand the manufacturers operating procedures before you use an autoclave
for the first time.
An autoclave uses different patterns of high heat, vacuum and pressure to sterilize material.
The main types of runs are:

liquids, for any type of water-based solutions,

dry goods with vacuum, and

dry goods without vacuum
Autoclaves often have an additional drying cycle in which hot air is drawn through the
chamber to dry materials after sterilization. Remember, controls for different brand of
autoclave vary making it important to carefully follow the manufacturer's instructions about
loading, load sizes, and cycle types and settings.
The liquids run is longer than the other two types, but uses lower temperatures to minimize
evaporation of the liquids being sterilized. Insure seals on liquid containers are loose so
any expanding vapors produced during heating will not cause an explosion. Use a tray
with a solid bottom and walls to contain the bottles and catch spills. Never autoclave any
flammable or volatile liquids.
The dry goods with vacuum run moves steam and heat into the deepest part of large
bags or bundles of materials and produces the best conditions for killing persistent
organisms. During this procedure, they chamber alternates between cycles of high
pressure, steam and vacuum. It is important that steam and pressure be able to reach the
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entire load, so carefully loosen bag closures once they are in the autoclave.
The dry goods without vacuum run simply pressurizes the chamber with steam for the
duration of the cycle and then returns to normal. This process is primarily used for
items that have been cleaned but need to be sterilized. Materials should be packed
so that the heat and pressure can readily reach the whole load.
Autoclaves generate extreme heat and high pressures, users should understand and respect
the hazards these create. To prevent a sudden release of high-pressure
steam, firmly lock autoclave doors and gaskets in place before you run the autoclave. Most,
but not all autoclaves, have safety interlocks that prevent operation if the door isn't closed
properly. Know if your autoclave has interlocks and take extra precautions if it is not
equipped with interlocks. Some older autoclaves have little or no heat shielding around
the outside. For these systems, attach Hot Surfaces, Keep Away warning signs to
remind people of the hazard. Do not stack or store combustible materials (e.g., cardboard,
plastic, volatile or flammable liquids, etc.) next to an autoclave. When operating an
autoclave, follow these precautions:

Load the autoclave properly. Be sure to clean the drain strainer before loading.
Don't load plastic materials that are not compatible with the autoclave. Individual glassware
pieces should be within a heat resistant plastic tray on a shelf or rack, never place them
directly on the autoclave bottom or floor.

Be sure the autoclave is OFF and the steam pressure is down before opening the
door.

Open the door slowly, keeping head, face and hands away from the opening.

Wait at least 30 seconds after opening the door before reaching or looking into the
autoclave. Before removing autoclaved items, wait 5 minutes for loads containing only
dry glassware and 10 minutes for autoclaved liquid loads.

When removing items from the autoclave, wear heat-resistant, long-sleeved
gloves and safety glasses or goggles treated with anti-fog solution. Remove solutions
from the autoclave slowly and gently, some solutions can boil over when moved or
when exposed to room temperature.

Let glassware cool for at least 15 minutes before touching it with ungloved hands.
Be alert for autoclaved liquid bottles still bubbling. Let liquid loads stand in an out-ofthe-way location for a full hour before touching them with ungloved hands.
Clean up any spills immediately.

4.7 Review Questions
1.

To help ensure a safe laboratory, always make sure that your lab is:
a. Neat, clean and orderly.
b. Never stocked with more hazardous chemicals than you can possibly use within 1
year.
c. Well equipped with a nearby eyewash station, safety shower, fire extinguisher
and fire alarm so that you are ready when an emergency occurs.
d. Staffed by well-trained workers, who know about the hazardous properties of the
chemicals they work with, how to work with them safely, and what to do in an
emergency.
e. All of the above.
2.
Horseplay and practical jokes in a laboratory is:
a. Common practice.
b. Very dangerous and strictly forbidden.
c. Okay on April Fools' day since everybody else is doing it.
d. Unprofessional and should never be allowed.
e. b and d.
3.
Before you open a container of any hazardous chemical you should:
a. Find out if there is a less hazardous substitute for the chemical.
b. Find out all that you can about the physical, chemical and toxicological
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properties.
c. Have a plan for using the chemical, and know the proper method of disposal.
d. Write the date you opened it on the label, so that someone else will be able to
determine if the shelf life of the chemical has expired.
e. All of the above.
4.
Today's properly attired lab worker is wearing:
a. A Tyvek suit.
b. Closed-toe shoes, safety glasses with side-shields, a lab coat, and gloves that have
been selected on the basis of what chemicals are in use.
c. Natural fibers, such as cotton or wool.
d. A three-piece suit and necktie. (clip-on, of course).
e. A self-contained breathing apparatus and a fully encapsulating chemical resistant
suit.
5.
Flammable liquids should never be stored:
a. In paper cups.
b. On your lab bench top.
c. In a conventional refrigerator.
d. In your lab in large quantities (greater than ten gallons).
e. All of the above.
6.
Regarding water and concentrated acids, "Always:
a. Add acid to water, like you oughta."
b. Add water to acid, then watch it bubble over."
c. Have a bucket of water available for emergencies."
d. Dispose of acid by rinsing it down the drain with lots of water."
7.
Corrosives are materials that cause tissue destruction on contact. Corrosives
include:
a. Acids with a pH < 2.
b. Bases with a pH > 12.
c. Mineral oil.
d. Saline solution.
e. a and b.
8.
Protective equipment required for using corrosives in a laboratory includes:
a. A respirator.
b. Steel-toed shoes.
c. Goggles that form a seal completely around the eyes.
d. Heavy-duty rubber gloves.
e. c and d.
9.
According to State fire codes, the maximum number of large four foot taIl
oxygen, flammable, or health hazard gas cylinders allowed per 500 square foot laboratory
area is:
a. Five.
b. Twelve.
c. Three.
d. As many as you want, as long as they are securely chained.
10.
Formaldehyde is:
a. A potent irritant.
b. A skin sensitizer.
c. A carcinogen.
d. Something you should only use under carefully controlled conditions, in a
properly operating fume hood.
e. All of the above.
11.
A chemical fume hood's purpose is:
a. For storage of chemicals.
b. A display case for fancy lab equipment.
c. To assist in the safe handling of hazardous materials that represent an inhalation
hazard.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

d. To contain small explosions that may occur in certain laboratory operations.
e. c and d.
Responsibility for laboratory safety on the UW Campus lies with:
a. Students and employees.
b. Faculty and staff.
c. The Safety Department.
d. All of the above.
Employees and students are responsible for:
a. Making sure that all fire extinguishers are inspected once a year.
b. Making sure safety glasses are available for everyone in the laboratory.
c. Reading Material Safety Data Sheets for every chemical they work with.
d. Writing a Chemical Hygiene Plan for their laboratory.
When transporting hazardous chemicals on the highway:
a. Keep them safely stored in the passenger compartment of your vehicle.
b. Call the Safety Department first.
c. Keep all containers hidden from view.
d. Have another person accompany you.
When distilling organic solvents:
a. Use an Erlenmeyer flask.
b. Stay out of the room.
c. Make sure every last drop is boiled off.
d. Use boiling chips or stir bars to prevent bumping.
A refrigerator for storing flammable chemicals must be:
a. Set at a very cold temperature.
b. Frost free.
c. Vented.
d. Have no spark sources inside.
e. All of the above.
Chemicals can be safely stored by:
a. Putting them up high, out of the way.
b. Keeping them on the floor.
c. Putting them as close to a fire suppression sprinkler as possible.
d. None of the above.
Flammable liquids can be safely stored:
a. In a cabinet under a fume hood.
b. In a flammable storage cabinet.
c. In a functioning biosafety cabinet.
d. All of the above.
Wisconsin law requires that:
a. No contact lenses are worn in a chemical laboratory.
b. At least one respirator is available in every laboratory.
c. Eye protection is worn by everyone in a laboratory.
d. All of the above.
A good way to tell if a fume hood is running is:
a. Check the indicator light.
b. Use the "tissue test."
c. Look at the inspection labels.
d. All of the above.
When working with particularly hazardous chemicals (Appendix D):
a. Establish a designated area.
b. Use a containment device.
c. Wear a double pair of gloves.
d. Have brush available to sweep up any spilled powders.
e. All of the above.
f. a, b and c only.
When working with autoclaves, both the high temperature and high temperature
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steam are a hazard. It is prudent to:
a. Wait at least 30 seconds after opening the door before looking into the autoclave.
b. Before removing autoclaved material, wait at least 5 minutes for dry glassware
and 10 minutes for liquids.
c. Let glassware cool at least 15 minutes before touching it with ungloved hands.
d. All of the above.
23.
Laboratory refrigerators used to hold food should be labeled:
a. "No flammables."
b. "For Food Only."
c. "Food O.K. in refrigerator compartment."
d. "No Chemicals."
24.
One of the most common causes of laboratory injury is:
a. Inoculation with an infectious or carcinogenic agent.
b. Explosion from flammable gas cylinders.
c. Cuts from broken glass.
d. All of the above.
25.
Cryogenic liquids are hazardous because of their super-cooled state. Hazards
include:
a. Embrittlement of materials.
b. Freezing of equipment to unprotected skin.
c. Lung damage from inhalation of cryogenic vapors.
d. All of the above.
26.
Types of operations which may produce an aerosol include:
a. centrifuge
b. blender
c. shaker
d. sonicator
e. pipet
f. vortex mixer
g. vacuum-sealed ampoule
h. All of the above.
27.
Centrifuging presents two types of hazards:
a. aerosol production.
b. sample implosion.
c. mechanical failure.
d. a and c.

Laboratory Safety Guide

124 Laboratory Safety Procedures
Annex 4-1. Experimental Carcinogens and Mutagens
Although some of these examples are active per se, the majority require enzymatic activation. Store
these agents dry and away from light. Agents that should also be kept in a refrigerator are marked with
an asterisk (*).
Alkylating agents (active per se)
Ethylmethanesulfonate (EMS) (volatile liquid)
Methylmethanesulfonate (MMS) (volatile liquid)
Dimethylsulfate (volatile liquid)
Diethylsulfate (volatile liquid)
β-Propiolactone (volatile liquid)
Aromatic amines and derivatives
2-Acetylaminofluorene (AAF)
*N-Hydroxy-AAF
*N-Acetoxy-AAF (active per se)
2-Naphthylamine (β-Naphthylamine) (known human carcinogen)
Benzidine (known human carcinogen)
4-Aminobiphenyl (known human carcinogen)
4-Nitrobiphenyl (known human carcinogen)
4-Nitroquinoline-l-oxide
Nitrosamides
These are highly potent agents. Homologs (e.g., corresponding ethyl derivatives) are also highly potent.
These agents are essentially active per se since they form electrophiIes in presence of water or other
nucleophiles. Some of these compounds may decompose explosively if stored for long times at room
temperature.
*N-Methyl-N/-nitro-N-nitrosoguanidine (MNNG)
*N-Methyl-N-nitrosourea
*N-Methyl-N-nitrosourethane
*Streptozotocin
Nitrosamines (highly potent, light-sensitive)
Dimethylnitrosamine (Nitrosodimethylamine) (volatile liquid)
Diethylnitrosamine (Nitrosodiethylamine) (volatile liquid)
Polycyclic aromatic hydrocarbons
These highly potent agents are suspected of being active in humans.
Benzo(a)pyrene (3,4-Benzpyrene)
3-Methylcholanthrene (20-Methylcholanthrene)
7,12-Dimethylbenz(a)anthracene (9,10-Dimethy1-1,2-benzanthracene)
Miscellaneous
Aflatoxin B1. This is an extremely potent hepatocarcinogen suspected of being active in humans. It is
light sensitive and subject to electrostatic scattering during weighing of dry solid. Dissolve in solvent
and calculate amount from spectral absorption.
Mitomycin C
Urethan (Ethyl carbamate). This is a low-melting, volatile solid. Weigh it in a closed vessel.
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Carcinogens Regulated by State of Wisconsin Statute
Because of their carcinogenic activities, the use of the following chemicals, at the concentrations
indicated below, is regulated by State of Wisconsin Administrative Code 1910.93. This code requires
maintenance of inventories, use in a regulated area, and other special conditions.
Acrylonitrile (≥10.0 ppm/15 min)
2-Acetylaminofluorene (≥1.0% solutions or suspensions) 4AminobiphenyI (4-aminodiphenyl, p-arninobiphenyl) (> 0.1%)
Arsenic, inorganic (≥10.0 µgM3/8 hrs)
Benzidine (4,4'-diaminobiphenyl) (> 0.1%)
Bis(chloromethyl)ether (≥ 0.1%)
4-Dimethylaminoazobenzene (p-dimethylaminoazobenzene, N, N-dimethyl-p-phenylazoaniline) (>1.0%)
3,3'Dichlorobenzidine (3,3'-Dichloro-4,4'-diaminobiphenyl) (≥ 1.0%)
Ethylene imine (≥ 1.0%)
4,4'-Methylene-bis (2-chloroaniline) (≥1.0%)
Methyl chloromethyl ether (chloromethyl methyl ether) (≥ 0.1%)
α-Naphthylamine (1-naphthylamine, 1-aminonaphthalene) (≥1.0%)
β-Naphthylamine (2-naphthylamine, 2-aminonaphthalene) (≥ 0.1%)
4-Nitrobiphenyl (p-nitrobiphenyl) (≥0.1%)
β-Propiolactone (hydracrylac acid β-lactone) (≥1.0%)
N-NitrosodimethyIamine (dimethylnitrosamine) (≥ 1.0%) Vinyl chloride (≥ 5.0 ppm/15 min)
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Emergency Procedures
A laboratory worker was using a heat gun to heat approximately 0.5 liters of heptane in a
Pyrex beaker by hand over an open bench. A splash of heptane came in contact with the
elements of the heat gun, igniting the heptane and causing him to toss the beaker away
from him. The sleeve of the worker's shirt caught fire. The flaming beaker landed on
another work surface, spreading the fire to his computer. The worker immediately used
a safety shower to put out the fire on his clothing, then used a dry chemical fire
extinguisher to put out the other fire. The worker received burns to his hand. The computer
containing his thesis was destroyed by the powder from the extinguisher.
Plan your work around the possibility of an emergency. Don't let them take you by
surprise. Remember, if it can happen, it will happen.

First, look around your laboratory. Consider what emergencies are possible.
Fire? Spill? Chemical exposure? Gaseous release?

This part pertains to
chemical emergencies.
Call the Safety
Department for
guidance in preparing
for and responding to
chemical and other types
of emergencies.


Second, plan how to prevent and respond to those emergencies. For most labs,
this Guide will serve as its written Emergency Response Plan. Some laboratories may
need additional procedures for unusual situations. For example, some procedures cannot
be conducted safely by a worker working alone.
Third, make sure you are prepared to respond to an emergency. Have spill control
materials, personal protective clothing and other emergency response equipment nearby.
Get training in first aid and fire extinguisher use. Practice emergency communications,
evacuation procedures and spill response. Post hazard information and contact names on
the door to your lab to help emergency responders. The Safety Department can help you
with all these things.
5.1 In An Emergency — Notify
Emergency Phone Numbers
UW Police:
911
UW Hospital Emergency Room:

262-2398

UW Hospital Poison Control Center: 262-3702
Although Safety Department personnel often advise emergency
responders and ensure notification laws are followed, we are not a primary
emergency response organization for large incidents.

UW Police is the
communication
center for campus
emergency
response.

Immediately report any spill, leak or release to UW Police or the Safety Department. There
are Federal, State and local reporting requirements (cf. Chapter 3). Safety will assess the
incident and determine what, if any, reporting is required and if other action is needed.
Wisconsin's Spill Law covers accidental, intentional, sudden and non-sudden releases to
the environment including spills, leaks, and releases to land, air, or water. State
authorities may interpret the law as having a zero threshold for some chemical releases
to the environment. Therefore, state law may require the UW to report your release to
the State Division of Emergency Government.
Other spill laws require that releases of certain substances at specified reportable quantities be
reported to State and Local Emergency Planning Committees and the National Response
Center. Releases may also need to be reported under the Community Right-to-Know
Law via an annual report prepared by the Safety Department. To maintain the
University's compliance with these laws, report all spills, leaks, and releases to UW
Police or the Safety Department. A spill or release reported to UW Police will
automatically be reported to the Safety Department. Routine fume hood releases through
normal use need not be reported to the Safety Department, however, try to minimize
environmental releases. Check with the Safety Department if you emit highly toxic or
unusual chemicals via a fume hood
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5.1.a The 9 11 System
Call 911 when you
need a police officer,
firefighter or EMT to
respond.

Dialing either 911 or
9-911 will work from
campus telephones.

911 service is the universal emergency phone number that can be used no matter where
you are. Dialing 911 in an emergency speeds up emergency service by eliminating the
need for the caller to look up emergency phone numbers. When you dial 911 from a
campus phone, the call is received at UW Police. The caller's telephone number and
address are displayed to the police dispatcher and is printed. The police dispatcher
records any relevant information about the nature of the emergency and dispatches the
appropriate personnel. University Police receive their information from the database at
DoIT Voice Services, so it is very important that you inform DoIT Voice Services (2620521) of any changes in your office, room, or telephone numbers. If the correct
information is not in the database, emergency personnel may waste precious time
searching for the location of the emergency.
According to University Police, one of the biggest confusions about 911 service is
determining under what circumstances it should be used. Call 911 ONLY when the
situation requires a police or fire officer to respond. Don't call 911 if you need directions or
are locked out of a building.
Dialing 911 will work from all campus telephones. Cell phone calls will be
directed to the Dane County 911 Center, but University Police will also be contacted and
will respond.
There are also more than 40 blue-lighted emergency telephones at about 15
locations on campus. These telephones are connected directly to the University Police
911 service. When picked up, the phones will automatically dial 911.
5.1.b Cooperate with Emergency Responders

Never attempt a
rescue unless you
are protected from
the hazard and you
are sure of your
safe return. Leave
rescue operations
to the Madison Fire
Department.

When the fire alarm in your building goes off, immediately leave the building. Do not
take anything with you because this may slow you down or impede the exit of others.
Handicapped individuals who are unable to exit should go to the nearest predesignated area of refuge or exit stairwell. Designated staff or firefighters will assist
them when they arrive on the scene.
Even if the fire alarm stops ringing, do not reenter the building unless / until UW Police or
Fire Department officials give permission as some fire alarms will reset after 5 - 15
minutes even when emergency operations are ongoing.
5.1.c Post the Laboratory Emergency Information Form
Post the entrance to your laboratory with the Laboratory Emergency Information form
to inform emergency responders of the hazards present and who should be contacted in
an emergency. Posting this form will facilitate a prompt response and
minimize damage to your lab. The Madison Fire Department requires that each laboratory
be posted with the Laboratory Emergency Information form outside its entry door. The
form has two crucial items of emergency response information:

An indication of the level of flammability, reactivity and toxicity hazards of the
chemicals present in the room and whether water reactive chemicals are present.

The names and phone numbers (campus and home) of the person or persons
responsible for your lab, and an alternate emergency contact.
Some people may not wish to list their home phone numbers on the emergency contact
posters. You should understand, however, that firefighters may wait before entering your
laboratory to ascertain the presence of hazards, thus increasing the potential for property
loss in the event of fire.
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LABORATORY EMERGENCY INFORMATION
University o f W i s c o n s i n - M a d i s o n
Department

Room

Date

Faculty/Supervisor Responsible for Lab

Office Phone

Home Phone

Alternate Contact

Office Phone

Horne Phone

Alternate Contact

Office Phone

Home Phone

Emergency Coordinator:

Office Phone

Home Phone

 Building or  Dept/School

IN CASE OF EMERGENCY, tell your supervisor and call 911.
For fire, pull alarm; evacuate building; stay outside to meet with fire department official.
For hazardous vapors or gases, inform others to evacuate the area; close doors; dial 911.
For gases or vapors spreading to other areas, pull fire alarm; evacuate the building; WHEN IN DOUBT, GET OUT. For injuries, call
911 for ambulance.
For poison and other chemical toxicity information, call the Poison Control Center: 262-3702
For simple spills, call Safety Dept. (262-8769) for cleanup advice.
UW-Madison Emergency Coordinator
University Hospital Emergency Room:

Safety Department
262-2398

Ambulance/Fire/Police/Spill:

911

UW Hospital Poison Control Center

LOCATION

LOCATION

Nearest Fire Extinguisher:

Nearest Fire Alarm:

Nearest Spill Control Material:

Nearest Eyewash / Safety Shower:

BIOHAZARDS
LAB LOCATION
CHEMICALS
LAB LOCATION
LAB
 Flammable Liquid
LOCATION
 Air/Water Reactive
Biosafety
Level 1  Low
Toxics/Carcinogens
Biosafety Level 2 
 Conc. Adds/Bases
Biosafety Level 3  High
Pathogens:
 Gas Cylinders
 Human
 Strong Oxidizers
 Animal
 Waste Solvents
Toxins
 Other;
 Other:
 Other:
Complete and post next to your laboratory door, with a second copy next to your phone.

Remember, you are the person
most responsible for your
safety.

262-3702

RADIATION
Laser
 Irradiator
Red. Sealed Source
Radioactive Waste
Red. Materials
Other:

LAB LOCATION

UW-Madison Safety Department 262-8769 (2001)

If you use radioactive materials or biohazardous agents, or if other hazards are present in
the room that emergency responders should know about (e.g., high voltage power supplies,
explosives, etc.), be sure to include those hazards on the Laboratory Emergency
Information form. Contact the Safety Department for guidance.
5.2 Prepare for Emergencies / Spills
The Madison Fire Department will respond to emergencies and spills. They will ensure the
event is contained and presents no further hazard to life or the environment. However,
they will not clean any spill. After the emergency, the University will still be responsible
for cleaning the spill. Thus, the Madison Fire Department is not a panacea for a lab
worker's unpreparedness. Your lab needs to have a plan which addresses the following
issues:






Emergency contact information (see above)
Evacuation plans for the room or building
Understand your chemical hazards
Instructions for containing a spill
Spill control materials

5.2.a Understand your Hazards
Persons handling chemicals should be aware of the hazards associated with the
materials they are using and how to manage any spills of these materials. This
information can be found in the Material Safety Data Sheets (MSDS) which
accompany the chemicals purchased. If you are unsure of the safety hazards of a
particular chemical, review the MSDS before starting your procedure. These sheets should
be kept in a central location in your lab or other work area so you can access them quickly.
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Everyone who works
with chemicals should
learn how to respond to
spills.

If you need a MSDS, call the Safety Department or look for the sheet on one of the
MSDS sites listed to our web site: http://www.fpm.wisc.edu/safety.
It is unfortunate that emergencies happen why they are least expected, when the junior
person are working, after hours with no one present, etc. Be prepared for the worst case
scenario. Plan for a spill of your largest container of acid, base, solvent, or dry chemical.
Annex 5-1 discusses routine spill response and supplies needed to clean up spills.
Researchers and supervisors are responsible for training students and employees on the
procedures to safely work with chemicals, including responding to chemical spills.
Training aids (i.e., handouts , videotapes, etc.) are available from the Safety Department
and Safety can provide on-site training and consultation regarding safe practices and
engineering controls for spills / releases and recommended spill control materials tailored to
specific situations. Some of the most important response information includes:

(Example - not UW)
Graduate student weighing
NaH (97% dry) on lab
bench. While scooping
NaH onto balance with
spatula, NaH ignited.
Student tried to
extinguish fire with lab
coat to no success, so
used another lab coat.
That also caught fire.
 Know where laboratory equipment shutoff switches are located
Used a dry chemical fire
extinguisher, but wasn't
 Know the location of the nearest eyewash, safety shower, fire pull and type and
successful. Swept fire
location
of fire extinguisher.
into plastic bucket and
poured water on fire.
 Know evacuation routes , include both primary and secondary routes from the
Fire flared up. Fire
laboratory to the outside of the building.
extinguished with second
 Establish an assembly location where lab personnel can congregate and be
dry chemical fire
accounted for and ascertain no one remains in the building.
extinguisher.
Issues:
 Establish procedures for responses to personal injuries.
1. fire alarm not
pulled.
5.2.b Make a Spill Kit
2. The Third fire this
student had.
Your laboratory should have stockpiled sufficient quantity of absorbents and other

materials to control any spill that can be reasonably anticipated. Annex 5 -1
discusses spill cleanup and the supplies needed for response. Remember, you want to be
capable of responding to a spill of your largest container. Some labs use Particularly
Hazardous Substances. Use of these substances requires approval and development of a
spill plan. Other labs have special hazards (e.g., Hydrofluoric acid, mercury, etc.).
Response to these agents is discussed separately, at the end of this chapter. The general
requirement is to protect yourself while you absorb / neutralize the spilled material and then
clean the spill. Thus, items you will need in a spill response kit include:

Personal protective equipment

2 pair of chemical splash goggles

2 pair of gloves (e.g., Silver shield, Nitrile, etc., a universal glove)

2 pair of shoe covers

2 plastic or Tyvek aprons and/or Tyvek suits

Absorbent materials

Absorbent pillows / powders (e.g., 3M Powersorb or other commercial products)

Activated carbon (good for organic solvents)

Floor-dry / Oil-dry (inexpensive absorbent, the Safety Department can give you a gallon
container of this material).

Neutralizing materials

Acid neutralizer

Caustic neutralizer (e.g., Neutrasorb [for acids] and Neutracit-2 [for bases]

include a color change substance to indicate complete neutralization)

Solvent neutralizer (e.g., solusorb, activated carbon) to reduce vapors and raise the flash
point of the mixture

Cleanup equipment

Polypropylene scoop or dust pan

broom or brush with polypropylene bristles

2 five (5) gallon polypropylene pails

2 polypropylene bags

sealing tape

p H test p ap er s

Sign: Danger Chemical Spill - Keep Away
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5.2.c Assessing Spills
Some spills are easy. You look at them and they are obviously trivial. Some are more complicated
or contain materials which may be difficult for you to clean up. How to gauge the magnitude of a
spill? Quantity is one quick guideline:

Category

Size

Response

Treatment Materials

Small

<300 ml†

chemical treatment
or absorption

neutralization or
absorption spill kit

Medium

300 ml - 5 L

absorption

absorption spill kit

Large

> 5 liters

call 911

outside help

†

about the size of a can of cola

A small / medium spill:
 doesn't spread rapidly
 doesn't endanger
people or property
except by direct
contact.
 doesn't endanger the
environment outside
the building.

It is better to be safe
than sorry; when in
doubt, get out!
Major emergencies
include:
 Most fires and
explosions
 Spills or releases that
threaten to spread
to other areas
 Injuries that require
medical attention
 Any emergency that
requires evacuation

A small- or medium-sized spill is one that does not spread rapidly, does not
endanger people or property except by direct contact, and does not endanger the
environment outside the building. University policy is that the persons causing simple
spills are responsible for cleaning the spill to the extent of their abilities. Researchers
and supervisors should train all their workers to clean such spills. A simple spill can be
neutralized, absorbed, or otherwise managed by the user(s) of the chemical. No notification
of emergency responders is necessary for simple spills, (i.e., you don't need to call 911).
However, the Safety Department should be notified and Safety Department personnel are
always available for advice and assistance. Emergency phone numbers posted in labs
include Safety Department personnel's home phone numbers.
All other spills or releases should be considered large spills / major emergencies. Major
chemical spills or releases are handled by the Madison Fire Department's Hazardous
Incident Team (HITeam). Your call to UW Police (i.e., 911) will summon them.
They have self-contained breathing apparatus and other protective equipment that allows
safe entry into the hazardous area.
 Even a small amount of spilled flammable liquid or reactive substance presents a fire
hazard. Labs contain many spark sources. Do not hesitate to evacuate, notify UW Police
and pull the fire alarm if you are unsure of the spill's fire potential.
 Any uncontained chemical that can disperse fumes, gases, or dusts may be hazardous
to your health and the health of those around you. If you suspect that the spill released an
acute respiratory hazard, evacuate the area. If others in the area could be exposed to the
chemical, evacuate the area or building and follow the major emergency procedures.
 If anyone is injured or contaminated, notify UW Police and begin first aid.
5.3 Major (i.e., High Hazard) Emergencies
Major emergencies are those emergency situations that pose an high hazard such as an
immediate threat to health, property or the environment. Major emergencies, such as
large spills and releases of hazardous materials, are emergency situations which
normally require the assistance of outside specialists such as UW Police, the Madison Fire
Department or the Fire Department's Hazardous Incident (Response) Team (HIT). OSHA
defines major emergencies as situations that:

require evacuation of employees in the area

require response from outside the immediate release area

the release poses, or has the potential to pose, conditions that are immediately
dangerous to life and health

the release poses a serious threat of fire and explosion

require immediate attention due to imminent danger

the release may cause high levels of exposure to toxic substances
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the worker is uncertain that he / she can handle the severity of the hazard with the
PPE and equipment that has been provided and the exposure limit might easily be exceeded

the situation is unclear or data is lacking regarding important factors
Thus, emergencies that require the evacuation of a building (or a floor or a wing of a
building) are high hazard emergencies.
It is best to err on the side of caution. What begins as a small spill could escalate into a
major emergency. If you do not know the nature of the emergency, if you are uncertain about
how to handle the emergency or if the situation changes beyond your control, proceed with
the High Hazard Emergencies procedures, below.
Provide clear and
complete
information to
emergency
responders.

Be prepared for
emergencies;
know the locations
of your nearest
exits and fire
extinguishers.

In the event of a
fire, pull the fire
alarm first.

Find the nearest
fire extinguisher.
What kind of fire
is it capable of
extinguishing?

Fire
prevention is
discussed in
Chapter 4

5.3.a Responding to Major Emergencies
 Notify your supervisor and call UW Police (911 or 9-911):
 Identify yourself and the reason you are calling.
 Identify the exact location (building address, room number) of the emergency.

Identify the nature of the emergency, any injuries or symptoms involved, and the
identity of any hazardous materials involved if you know them.

For situations that threaten fire or explosion, and spills in which hazardous vapors
are present:

Evacuate the area and tell others to evacuate.

Close, but do not lock doors behind you to isolate the area.

If you have time to do so safely, close fume hood sashes.

If you have time to do so safely, post a sign to warn others not to enter the area.

Call UW Police from a safe location nearby.

If fire, smoke, gases or vapors are spreading to other areas:

Pull the fire alarm to evacuate the building.

Call UW Police from a remote location and inform them of the spill.

Be available to advise emergency response personnel by identifying yourself when
they arrive. Someone responsible for that room or building should be present to provide
details of the incident to emergency responders. This individual should be able to
identify the types and quantities of chemicals stored there, and their locations within the
rooms.
5.3.b Fires
Be prepared for fires. Participate in the annual building evacuation drills. Know where
your emergency exits and nearest fire alarms are. Call Safety to sign up for fire
extinguisher training. Your ability to respond quickly and competently with the appropriate
fire extinguisher can keep a minor flame from turning into a major conflagration.
In the event of a fire, pull the fire alarmist. Then, if you have been trained and the fire is
very small (e.g., no bigger than a wastepaper basket), attempt to extinguish the fire with an
appropriate fire extinguisher. If you manage to completely extinguish the fire, inform
UW Police.
These campus
fire extinguishers...
Class ABC
Dry Chemical
Class BC
Carbon Dioxide, Halon†
Class A Water†

colored
red
red
silver

...are good for fighting fires involving:
Normal combustibles (paper, wood, and
rubbish), flammable liquids and electrical
Flammable
liquids and electrical fires
fires
Dry combustibles, such as
paper, wood and rubbish fires
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Class D Dry Powder
(NaCI)

yellow

Alkali metals, such as sodium,
potassium, lithium and other alkali
†
metals
very few of these extinguishers are found on campus.
If you decide to fight the fire, do so from a position where you can escape. A fire contained in a
small vessel can usually be suffocated by covering the vessel with a lid. While attempting
to control the fire, continually assess the situation. If you doubt your ability to quickly
extinguish the fire with an extinguisher, get out of the building. If possible, prior to
evacuation shut down any equipment that may add fuel to the fire. Do not turn off any
hoods in the immediate area as they will work to keep the area free from smoke and flames,
but close the door behind you to help prevent the fire's spread. When you evacuate, move
well away from the building to allow firefighters room to work. Move upwind of the building.
Do not reenter the building until permission is given by the Fire Department.

Chapter 4 and
Appendix B of the
Guide contain
information about
preventing
explosions.

Be prepared.
Take a Red
Cross first aid
class.

5.3.c Explosions
Many experiments release tremendous amounts of energy. There are many fuel sources
in a lab that can aggravate the situation. An explosion (not just a pop) is a High Hazard
Emergency. Beware of secondary explosions, fires, and spills or releases of toxic
chemicals due to glass container damage triggered by the first blast. Stay clear of windows
that may shatter.
5.4 Skin Contamination and Injuries
Note: Hydrofluoric acid requires special precautions because of its unique hazards. While
we have included information here for completeness, see Section 5.6 if you work with
hydrofluoric acid.
Work with potentially hazardous chemicals may lead to contamination and injury.
Workers should be aware of signs and symptoms associated with chemical
intoxication and if an employee or student develops such signs or symptoms, they should
be offered the opportunity to receive an appropriate medical examination. If a spill, leak,
explosion, or other occurrence results in the likelihood of a hazardous chemical exposure,
affected workers should be given an opportunity for a medical consultation to determine
whether there is a need for a medical examination.
Regardless of an injury's magnitude, all injured persons should seek medical advice and
attention. If you have been trained to administer first aid, you can help treat minor
injuries or help direct interim first aid measures until medical personnel can take over.
Prompt action to notify emergency responders and appropriate first aid attention is
important to someone who is seriously injured. To transport an injured person to a local
emergency room call UW Police, (911). You may also take minor accident victims to a
local emergency room. The Emergency Room Entrance at UW Hospital is located on the
building's west side near the intersection of University Bay Drive and Highland Avenue.
However, do not move a seriously injured person unless he or she is in further danger. Also
be sure to notify your supervisor of any injuries, and complete an Occupational Accident or
Illness Report Form.
5.4.a Procedures for Chemical Spill on a Person
Time is crucial in an emergency situation. To react quickly to skin contamination, know
where the nearest eyewash and safety shower are located and remember,
decontamination removes the source of injury.
For small spills on the skin, flush immediately under running water for at least 15 minutes.
Remove any jewelry that might contain residue. For small spills with no sign of a burn,
wash the area with soap under warm running water. If pain returns after the 15-minute
flooding, resume flooding the area. When providing assistance to a victim of chemical
contamination, be sure to use appropriate personal protective equipment. Some important
points:
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First notify UW
Police, then
administer first
aid, then seek
medical
attention for the
victim.

Incidents, usually
involving phenol,
where workers
spilled a chemical
on their pants and
bypassed the safety
shower to enter a
restroom to remove
the pants and rinse
the leg. After, they
put contaminated
pants back on.
This resulted in
second degree
burns that could
have been
prevented.


Do not use solvents to wash the skin. These remove the natural protective oils
from the skin and can cause irritation and inflammation. In some cases, washing with
solvents may facilitate absorption of a toxic chemical.

For flammable solids on the skin, first brush off as much of the solid as possible
and treat as a small spill on the skin.

For hydrofluoric acid (HF) spills, wash and flush for only 5 minutes and
promptly apply calcium gluconate gel and get immediate medical attention. The gel helps
prevent permanent bone or tissue damage. If no gel is available, rinse for 15 minutes after
contacting 911 for immediate transportation to the emergency room.
For a chemical splash in the eyes, immediately flush the eyes under running water for 15
minutes, holding the eyes open and rotating the eyeballs. This is best done in an
eyewash fountain using a properly controlled flow of tepid water that allows for handsfree cleaning. Hold the eyelids open and move the eye up, down and sideways to ensure
complete coverage. If available in your first aid kit, use an irrigator loop to thoroughly
flush the conjunctiva under the upper eyelid. If no eyewash fountain is available, lay
the victim on his or her back and gently pour water in the eyes for 15 minutes or until
medical personnel arrive. If hydrogen fluoride is splashed in the eye, flush for five
minutes and then irrigate the eye with a 1% solution prepared from the calcium
gluconate antidote gel. Get immediate medical attention.
For spills on clothing, immediately remove all contaminated clothing, including shoes,
undergarments and jewelry, while standing under running water or the safety shower.
Chemicals can be absorbed by clothing and continue to present an exposure danger.
Removing saturated clothing promptly can greatly reduce the severity of a chemical
burn. When removing shirts or pullover sweaters, be careful not to contaminate the
eyes. Cutting off such clothing will help prevent spreading the contamination. To prepare
for emergencies, shears (rounded-tip scissors) should be available in the first aid kit to
allow safe cutting of contaminated clothing. Do not put contaminated clothing back on,
they still contain chemicals. Wash contaminated clothing separately or discard.
Check the MSDS to see if any delayed effects should be expected, and keep the MSDS
with the victim. Call UAW Police (i.e., 911) to have the victim taken to the emergency
room for medical attention. Be sure to inform emergency personnel of the
decontamination procedures used prior to their arrival (e.g., flushing for fifteen minutes
with water). Be certain that emergency room personnel are told exactly what the
victim was contaminated with so they can treat the victim accordingly.
5.4.b Cryogenic Liquid Spill Procedures
Contact with cryogenic liquids may cause ice crystals to form in tissues under the spill
area, either superficially or more deeply in the fluids and underlying soft tissues. The
first aid procedure for contact with cryogenic liquids is identical to that for frostbite.
Rewarm the affected area as quickly as possible by immersing it in warm, but not hot,
water (i.e., about 40 °C [102°F - 105°9). Do not rub the affected tissues. Do not apply heat
lamps or hot water and do not break blisters. Cover the affected area with a sterile
covering and seek assistance as you would for burns.
Remember, large cryogenic liquid spills and spills in enclosed areas may displace breathable
air causing instant unconsciousness without warning.
5.4.c First Aid for Other (Minor) Incidents
Remember 911. People often become so involved in the unfolding emergency situation
they forget that help is a phone call away. Initial response to an emergency event is dictated
by the emergency. Evaluate any situation before attempting to give aid. Do not expose
yourself to hazardous atmospheres, chemical contact or other dangers while attempting
to give aid. Responses to some common potential laboratory incidents are described
below:
Chemical inhalation: close containers, open windows and move worker to an area of
fresh air. In extreme situations, resuscitate with rescue breathing if necessary, and
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Remember, get
medical attention
for the victim after
administering first
aid.

A small / medium
spill:
doesn't spread
rapidly
doesn't endanger
people or property
except by direct
contact.
doesn't endanger the
environment
outside the
building.

Spill response
concept:
1. Notify others
2. Attend to any
injuries.
3. Identify the
spilled chemical.
4. Assess the spill
(i.e., major or
minor).
5. C l e a n u p .
Small liquid spill:
1. Notify all
workers.
2. Confine the spill
3. Wear protective
clothing
4. Place absorbent or
neutralizer on spill

give shock prevention treatment (victim lying down, lightly covered to preserve body heat
and comforted to reduce anxiety). If symptoms such as headaches, nose or throat
irritation, dizziness, or drowsiness persist, seek medical attention.
Chemical ingestion: Immediately go to the emergency room or call the Poison Center (23702) for advice about poisoning and chemical toxicity. Do not induce vomiting unless
directed to do so by a health care provider.
Thermal Burn: Immerse the burned area in cold water or hold under cold running
water until the pain stops. Cover with a sterile dressing.
Bleeding: Hold a clean pad directly on the wound and apply hand pressure. If necessary,
elevate the bleeding extremity and apply pressure to a pressure point to reduce blood
flow.
Clothing Fire: Put out burning clothing or hair by dousing the victim in a safety shower or
other water source, or by smothering the fire with a cotton lab coat or fire blanket. If a
safety shower or fire blanket are unavailable, have the victim roll on the floor to put out
the flames.
Always get medical attention for the victim after administering first aid and report the
incident to the laboratory manager, supervisor or principal investigator.
5.5 Small or Simple Spills
A small (or simple or incidental), spill is one that does not pose a significant safety or
health hazard to employees in the immediate vicinity nor does it have the potential
to become an emergency within a short time frame. Lab workers are qualified to clean
up small spills because they are expected to be familiar with the hazards of the
chemicals they normally handle and they should be able to assess what level of
emergency response is necessary.
At a minimum, persons spilling chemicals and persons discovering chemical spills are
responsible for assessing the spill and notifying UW Police or the Safety Department.
Campus chemical users are responsible for cleanup of simple spills and the Madison Fire
Department's Hazardous Incident Team is responsible for responding to more serious
spills. Each lab is responsible for cleaning their spills. Generally speaking, spills that
require involvement of individuals outside the lab would be those that exceed normal
exposures and may include spills which have become emergency situations because the
spill event is beyond the lab worker's level of training and experience. While the Safety
Department does not normally clean simple chemical spills, they are always available
for on-site advice and can occasionally loan spill cleanup supplies. Some spills may
require special equipment. Special procedures are outlined below for hydrofluoric and
mercury spills.
5.5.c Personal Protective Equipment for Spill Cleanup
Remember, cleaning up a spill may be potentially more hazardous than routinely
working with the same substance simply because you have no control over the
environment. Insure you wear personal protective equipment.
Eye Protection: Safety glasses are the absolute minimum for working in a laboratory or
cleaning up spills of hazardous materials; for corrosive and/or reactive materials, goggles or
a face shield are also necessary.
Skin Protection: All personnel in laboratories should at least be wearing a lab coat. If
splashing is a possibility, an apron should be worn as well.
Gloves are very important to protect your hands. A pair of heavy nitrile, butyl, or neoprene
gloves and one box of disposable polyethylene gloves are recommended for each person
involved in a cleanup. Plan on at least two people per cleanup. Since some chemicals may
go through even heavy nitrile, butyl, or neoprene gloves, you should refer to the glove
compatibility table in Chapter 4 of this Guide to choose the best glove for your work. The
Safety Department is available for consultation on glove selection. Boots or shoe covers
may be necessary for large liquid spills.
We do not recommend that you use respirators because if your spill results in the generation
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Small dry spill:
1. Notify all
workers.
2. Confine the spill
3. Wear protective
clothing
4. Dampen spilled
materials, use care
to not make an
aerosol (use water
or oil if reaction
possible
5. Plan the cleanup &
decontaminate.
6. Report to your
supervisor.

Spills should be
inactivated in situ or
be absorbed by
appropriate methods

Hydrofluoric acid (HF)
rapidly penetrates
deep into skin tissue,
so avoid getting any
on your skin or in your
eyes. Always wear an
apron, gloves and
goggles when using
HF.

A worker picked up a
container of
trifluoroacetic acid
with her ungloved
hand to move it. She
did not notice a small
amount of residue on
the glass. Several
hours later, she felt
pain in the palm of her
hand and on her
thumb. The result was
a serious burn that
required skin grafting.

of toxic vapors or gasses, it is a high-hazard emergency. You should evacuate and let
the trained professionals of the Madison Fire Department's Hazardous Incident Team
handle the spill. You should not use a respirator unless you have been trained,
medically evaluated and fit-tested.
5.5.d Responding to Small Spills
Immediately warn / notify all persons nearby. Then turn off any ignition sources such
as burners, motors, and other spark-producing equipment.
If this is a major spill that constitutes a high hazard emergency, leave the room and
close the door if possible. Call UW Police (9-1-1) to report the hazardous material
spill. University Police will contact the Madison Fire Department to alert emergency
response personnel.
Annex 5-1 outlines chemical spill response and cleanup. These procedures are relatively
common and the process is described in most documents. The concept is to absorb small
spills with paper towels or other absorbents (e.g., Floor Dry, Kitty Litter, etc.).
Remember, these materials can increase the surface area and evaporation rate,
increasing the potential fire hazard if the material is flammable and the airborne
concentration reaches the flammability level.
Alert persons in the area that a spill has occurred. This will insure that the lab's attention can
be focused on the immediate issue, cleanup.
Is this a major or minor spill? Evaluate the toxicity, flammability, and other hazardous
properties of the chemical as well as the size and location of the spill (e.g., chemical
fume hood or elevator) to determine whether evacuation or additional assistance is necessary.
Large or toxic spills are high hazard emergencies (see 5.2). Prevent the spread of
contamination and contain any volatile material within a room by keeping doors closed.
Increase exhaust efficiency by minimizing sash height of the chemical fume hood.
Consult your MSDS, the laboratory emergency plan, procedures in this guide, or call the
Safety Department for correct cleaning procedures.
Wear protective equipment (e.g., goggles, apron, laboratory coat, gloves, shoe covers).
Base the selection of the equipment on the hazard.
First, cordon off the spill area to prevent inadvertently spreading the contamination
over a much larger area. Then absorb liquid spills using paper towels, spill pillows, Floor
Dry, vermiculite or sand. Place the spill pillow over the spill and draw the free liquid into
the pillow. Sprinkle Floor Dry or sand over the surface of the free liquid. Place the used
pillows or absorbent materials in plastic bags for disposal along with contaminated
disposable protective equipment (e.g., gloves). Neutralize spills of corrosives and absorb,
if appropriate. Sweep up waste and place in plastic bags for disposal. Remember, the
equipment you used to clean up the
spill will be contaminated and should either be cleaned / decontaminated or disposed along
with the spilled material.
Complete a white Surplus Chemical form and notify the Safety Department to pick up
the wastes. Complete an report describing the spill response and send a copy to the Safety
Department.
Remember, call Safety if you have any questions of how to respond to a minor spill.
Major spills should be reported first via 9- 1- 1.
5.6 Hydrofluoric Acid (HF) Spills
As noted above, hydrofluoric acid requires special considerations. Some spill pillows
cannot be used with hydrofluoric acid (HF). If you use hydrofluoric acid, you should
buy the spill pillows specially made for hydrofluoric acid (e.g., 3M Powersorb) or to use
a neutralizing agent for cleanup. Sodium carbonate, sodium bicarbonate and sodium
hydroxide are suitable neutralization agents for hydrofluoric acid. Do not use Floor Dry or
other silica based clay products.
Know the hazards of chemicals involved before handling them. If you work with HF
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under any conditions, you need to be aware of its unique health hazards, delayed action
and special treatment requirements.
Always assume containers are contaminated and wear appropriate gloves when handling
chemical containers. If you spill HF on you skin, wash and flush for only 5 minutes and
promptly apply a calcium gluconate gel and get immediate medical attention. The
calcium gluconate gel helps prevent permanent bone or tissue damage. If no gel is
available, rinse for 15 minutes and go immediately to the emergency room.
If you splash HF in your eye, flush for five minutes and then irrigate the eye with a 1%
solution prepared from the calcium gluconate antidote gel.

Never use a regular
vacuum cleaner to pick
up spills of liquid
mercury. Some
mercury is picked up,
but most of it gets
dispersed into the air.

5.7 Mercury Spills
Mercury is the single most spilled chemical on campus. It presents a special problem
because of the difficulty in picking up the tiny droplets and the hazards of
undetected residues. Metallic mercury remaining in cracks and crevices will give off
toxic vapors for years.
Prevention is the best way to handle mercury spills. Trays should be used under equipment
wherever a mercury spill is possible.
Wear gloves when cleaning up mercury spills. Although the main exposure route is
through inhalation, it can also be absorbed through the skin.
Small Mercury Spills
Small mercury spills are spills of less than 5 milliliters. First, pick up glass or other large
debris, then pick up the spilled metallic mercury. You can use a side arm flask connected to a
vacuum pump or sink aspirator to vacuum up small beads.
Alternatively, you can consolidate the spill by using a thin piece of cardboard or plastic.
The mercury can be pushed onto another thin piece of cardboard or plastic and
transferred into the disposal container. Use mercury spill powder, mercury absorbent
paper or mercury sponges to decontaminate the area and clean up spill residues. A recipe
for mercury spill powder is provided on the next page. Commercial kits and equipment
are available for mercury spills.
Put the mercury into an airtight container labeled, "Waste Mercury" (scintillation vials
work well). Debris that cannot be cleaned should be sent to the Safety Department
using the white Surplus Chemicals form. Glassware and other debris that are clean (no
visible mercury) may be discarded in the normal trash.
Broken Mercury Thermometers
Put the mercury in an airtight container labeled "Waste Mercury" or carefully wrap the
sharp ends of the broken thermometer and place in a plastic bag, wide-mouth jar or other
puncture resistant container. Refer to procedures in Chapter 7, Chemical Disposal
Procedures, for disposal instructions.

A spill of more
than 5 ml is a
large mercury
spill.

Hg Spill Powder
85 gm sodium
thiosulfate powder
15 gm EDTA
powder

Large Mercury Spills
For mercury spills greater than 5 ml, including manometer and barometer spills, call the
Safety Department. The Safety Department has a mercury vacuum cleaner and will help
you clean the spill. Close off and post the area to prevent mercury or vapors from
spreading. Safety can also meter the air after a large spill to verify that airborne levels of
mercury have been reduced to an acceptable level.
Mercury Spill Powder
You can make your own mercury spill powder to clean up mercury spills: Mix 85 grams
of finely powdered Sodium Thiosulfate with 15 grams of finely powdered EDTA.
Follow this procedure to clean up a spill:
1.
2.

Pick up all the large drops of mercury using an aspirator or other means.
Sprinkle the powder on the spill area, wet it down with a water mist (pump
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operated spray bottles work well for this).
3.
Let it sit overnight.
4.
Depending on what is being cleaned up the powder can be swept up or mopped
up.
5.
Dispose of the resultant powder according to Chapter 7, Chemical Disposal
Procedures. Residue from mopping can be discarded down the sanitary sewer.
5.8 Review Questions
1. It's an emergency! Who should you call?
a. The Safety Department.
c. The Federal Emergency Management Agency.

b. UW Police: 911.
d. Wisconsin Department of Natural Resources.

2. High hazard chemical emergencies (such as large spills, releases or fires) on the UW-Madison
campus are handled by:
a. Whoever caused it.
b. UW Safety Department.
c. Madison Fire Department's Hazardous Incident Team.
d. Wisconsin Department of Natural Resources (DNR).
3. A fire alarm is used to:
a. Evacuate a building in case of a fire.
b. Evacuate a building in case of any emergency requiring evacuation.
c. Shut down a building's ventilation system to prevent spread of fire, smoke, or hazardous vapors.
d. All of the above.
4. You have a Class BC fire extinguisher. What kind of fire is it not appropriate for?
a. Normal combustibles, such as paper, wood and rubbish.
b. Flammable liquids.
c. Electrical fires.
d. Alkali metals, such as sodium or potassium metal.
e. a and d.
5. You're using an acidic solution in a repipettor dispenser. The delivery tube pops off and squirts your
eye with the acidic solution. The correct response is:
a. Go to the nearest eyewash station and flush your eye for at least 15 minutes.
b. Go to an emergency room for medical attention.
c. Use a basic solution to neutralize the acid.
d. a then b.
6. You've knocked a 1-liter glass container of a liquid chemical off of the counter in your lab, spilling
the contents all over the floor. The correct response is to:
a. Pull the fire alarm.
b. Determine the chemical spilled, notify your supervisor, then call Safety for advice on how to
clean it up.
c. Call Safety and ask them to come and clean it up for you.
d. Don't worry about it and continue on with your work.
7. You've knocked a small bottle of a pyrophoric chemical from the hood where you were working into
a nearby wastepaper basket. It bursts into flames. The correct response is to:
a. Pick up the flaming trash can and put it in the sink, where you can turn on the faucet to put out the
fire.
b. Pull the fire alarm! call 911, then attempt to extinguish the fire with your lab's fire extinguisher if
the fire is small and you believe you can extinguish it.
c. Pull the fire alarm and run out of the building.
d. Pick up the flaming trash can and put it in the hood, and close the sash and turn off the hood's fan.
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Then allow the fire to burn out.
8. Your mercury manometer fell over and shattered, spilling the contents onto the carpeting in your lab.
The correct response is to:
a. Vacuum it up with a Hoover.
b. Clean it up with the Shop-vac.
c. Pull the fire alarm and run out of the building.
d. Close off the room, post warning signs and call Safety.
9. The Madison Fire Department provides the following services to campus:
a. Fire fighting in case of a fire in campus buildings.
b. Response to a hazardous material spill or release, including use of special personal protective
equipment and clothing for safe entry into a hazardous area.
c. Emergency medical transport of injured persons to a local emergency room via their ambulance.
d. Inspecting campus buildings to prevent fires.
e. All of the above.
10. Which of the following describes a simple spill?
a. A simple spill does not spread rapidly.
b. A simple spill does not endanger people or property except by direct contact.
c. A simple spill does not endanger the environment outside the building.
d. A simple spill can be neutralized, absorbed, or otherwise managed by the user(s) of the chemical.
e. All of the above.
11. The proper response for hydrofluoric acid spills on skin or oyes:
a. Wash and flush for only 5 minutes.
b. Use calcium gluconate gel (1% solution if in eyes).
c. Seek medical care.
d. All of the above.
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Annex 5-1. Chemical Spill Cleanup Procedures & Response Supplies
Step
1. Control the spread of the liquid. Make a dike
around the liquid by placing absorbents or
pillows at the outside edges of the spill.
2. Treatment is optional, but preferable, for
acids and bases. Spills of most acids or
bases, once neutralized, can be mopped up
and rinsed down the drain. A neutralizing
spill absorber greatly simplifies cleanup and
disposal.
3. Absorption: Add the absorbents to the spill,

working from the outer edges toward the
center.

4. Recovery and Containment for Disposal:

The neutralized spill residue or the
absorbent should be scooped or swept up
into a 5 gallon plastic bucket, jar, or other
container. For dry powders or liquids
absorbed to dryness, you can double bag the
residue into plastic bags (clear plastic bags
are best) and place the bags into a box. For
spills of powders or solid materials, either
sweep up the material or add something to
lower the dust and/or the volatility of the
material (e.g., sweeping compound or a
spill mix consisting of: calcium carbonate:
oil-dry or kitty litter: and sand - 1:1:1 mix).
5. Decontamination: Ventilation may be
necessary. Open windows or use a fan. In
some instances, the Safety Department can
test the air in the vicinity of where the spill
occurred, to see if air concentrations of the
chemical have been lowered to an
acceptable level.
6. Disposal: See instructions on the white
Surplus Chemicals Form. The identity of
the spilled material and whether it is
absorbed or neutralized should be written
on the container and on a white Surplus
Chemicals form, available from the Safety
Department.

Supplies Needed
 Absorbent material (e.g. paper towels,
oil-dry, cat litter, spill booms and
pillows).
 For acids: sodium carbonate, calcium
carbonate or sodium bicarbonate.
 For bases: citric acid powder.
 pH paper to indicate when spills of acids
and bases have been neutralized.
 Specific agent: call Safety Department
for advice.
 Absorbent material such as: paper towels,
cat litter or Floor / Oil Dry (available
from Stores), diatomaceous earth, or
vermiculite, are relatively inexpensive
and work well, although they are messy.
A 25 pound bag of oil-dry will be
sufficient for a one gallon solvent spill.
 Spill control pillows are an alternative
way to absorb solvents, acids, and bases
and are available from commercial
suppliers.
 Activated carbon is an excellent
adsorbent for solvents and especially
odorous organic chemicals.
 Plastic bag, jar, bottle, jug or plastic pail.
 Forceps (to pick up broken glass), broom,
shovel, dust pan.
 Mop and bucket.

 For most spills, conventional cleaning
products applied with a mop will
decontaminate satisfactorily.
 For toxic chemicals: use a suitable
solvent; call Safety for advice.
 White Surplus Chemicals forms.
 Sturdy cardboard boxes.
 Packing material (floor dry, newspaper,
bentonite).
 Packing tape.
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Chapter 6
Pollution Prevention and Waste Minimization

Green labs are
designed to reduce
pollution. What steps
can you take to may
your lab green?

The methods in this
chapter not only
'prevent pollution,
but can also reduce the
risk of chemical
exposure and
accidents.

Call the Safety
Department if you
have pollution
prevention ideas. We
can help implement
them. We will share
successful solutions
with others.
EPA defines pollution
prevention as:
 source reduction
 environmentally
sound recycling

Is your laboratory a "green" laboratory? "Green" is the design, development and implementation
of chemical products and processes to reduce or eliminate the use and generation of
substances hazardous to human health and the environment. Since laboratory activities differ,
there is no single set of standards for a green laboratory. Observing the following guidelines
will help reduce pollution and minimize waste produced during laboratory work.

Train new personnel in chemical and environmental safety, including methods of
pollution prevention and waste minimization used in the lab.

Prepare for leaks and spills by using secondary containment (i.e., trays) and by
stocking spill control supplies.

Review the properties of chemicals in use to understand their hazards (i.e., reading
Material Safety Data Sheets) and search for safer substitutes.

Assess laboratory air emissions, sanitary sewer disposals and waste generation to
understand how your operations impact the environment.

Keep caps on carboys and other containers of volatile chemicals.

Buy only chemicals in the amounts needed, date chemicals upon arrival, and
store chemicals according to their properties (e.g., reactivity, flammability, etc.).

Use redistributed (i.e., LABSCAN) surplus chemicals whenever possible.

Create and annually review chemical inventories; routinely give usable surpluses
to the Safety Department to make those chemicals available to other laboratories.

Keep waste types separate and develop a workable system of waste collection.

Dispose of waste in a responsible manner, neutralize acids and bases and, where
practical, perform in-lab treatment of other chemicals so they do not become a waste
requiring commercial disposal.
This chapter offers suggestions to help you minimize the environmental impact of your
laboratory operations.
6.1 Pollution Prevention
Pollution is a byproduct of research. Laboratory workers create pollution when they:
generate hazardous waste, allow volatile chemicals to evaporate in a fume hood or
discharge certain hazardous materials down the drain. A variety of methods can be used
to reduce pollution to the air, water or land. This section will address methods to prevent
pollution caused by hazardous chemicals in the laboratory.
Air and water pollution can impact individual health and the health of the environment.
For example, it is claimed that particulate emissions from the UW's heating plant increase
health problems among those persons with impaired pulmonary function. Run-off from
construction sites may cause problems if it enters the lakes through storm sewers. There
is also a direct financial impact from laboratory research. It costs over $250,000 annually
to properly dispose of laboratory chemical waste through commercial vendors. Each
carboy costs about $10 to dispose; bottles of stock chemicals cost approximately $5 to
incinerate; and disposal of one lecture bottle (i.e., a small gas cylinder) may cost as much
as $2,000. When you prevent pollution, you also reduce its human and environmental
impact and disposal costs.
In 1999, the Howard Hughes Medical Institute (HHMI) recently led a 2-year collaborative
initiative to establish consensus best practices for managing hazardous wastes in academic
research institutions. The initiative partnered environmental health and safety
professionals and biomedical research scientists from ten major academic research
institutions including the MY. A guiding principle of the initiative was a commitment to
promote stewardship and responsibility for health, safety and the environment as an
integral part of the nation's biomedical research mission
(http://www.hhmi.org/research/labsafe/projects/reportcongress.html).
6.1.a Reduce Pollution at its Source
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Source reduction
includes:
 modifying
processes
 improving
operations
 material
substitution
 product
modification

Changing practices and processes to prevent pollution at its source is referred to as source
reduction. Source reduction methods include process modification, improved
operation and material substitution. Some businesses can prevent pollution by modifying
their product, but this method is not as applicable at an educational institution.
Modify Laboratory Processes
Pollution can be prevented or reduced by changing the laboratory process by which the
pollution is created. Modern extraction techniques, (e.g., those that use a solid phase or
supercritical fluid) minimize waste by using much smaller volumes of organic solvents.
Computer simulations and modeling eliminate all environmental impacts when they are
substituted for wet laboratory experiments. In the classroom, computer and multimedia
simulations often allow students to observe more complex procedures than would be
available by a traditional laboratory exercise.
Reduce the Scale of Laboratory Processes. One of the most successful pollution prevention
modifications is microscale work. In microscale work, the amounts of materials used are
often reduced to 25 - 100 mg for solids and 100 – 200 µL for liquids compared to the
usual 10 - 50 g for solids or 100 - 500 mL for liquids. This often 1000-fold reduction has
been brought about by design and material innovations in labware and technological
innovations such as PCR. Reducing the scale of laboratory processes not only
reduces/prevents pollution, but also has other benefits:

Simple laboratory
improvements can
prevent pollution:
 minimize the amount
of chemicals used
 be neat when using
chemicals
 keep volatile
chemicals
 capped and sealed


Small scale experiments cost less because they use smaller amounts of chemicals,
decrease the amount of needed chemical storage space and reduce chemical waste requiring
disposal. Thus, you can then make your research dollars go farther.

Small scale experiments usually run more quickly.

Heating and cooling is easier with smaller volumes.

Less chemicals means chemical exposure is reduced.

The degree of risk and severity of accidents, fires or explosions is reduced.

The amount of fugitive emissions (evaporative losses) will be reduced
Improve Laboratory Operations

About 25% of the
"waste" chemicals
collected have never
been used.
Less is better!
Buying smaller
amounts of laboratory
chemicals means:
 fresher stocks
 reduced
exposures
 reduced
emissions
 less surplus to
dispose of
 fewer accidents

Pollution can be prevented by improving laboratory operations. As seen above,
innovative technology can help you redesign laboratory procedures to use smaller
amounts of chemicals, reduce waste, prevent fugitive emissions and minimize
unnecessary discharges to the sanitary sewer.
Careful and neat operations reduce waste. Take care when weighing or transferring
chemicals between containers to minimize spills. Don't take fume hood emissions, sewer
effluents or chemical wastes for granted. They are all necessary to safely use laboratory
chemicals, but chemical releases and disposal affect the environment and should be
minimized when practical. When it can be done safely, seal and contain processes to
prevent the escape of fumes or leaks to the environment.
Less is Better. The American Chemical Society (ACS) urges scientists who work with
chemicals to adopt the motto "Less is Better." A PDF copy of ACS's booklet, Less is
Better, is available (http://membership.acs.org/c/ccs/pub_9.htm). It is more safe and
environmentally sound to buy less, store less, use less and dispose of less. Less reduces
risks to you and your colleagues. Less reduces the risk of an accident or fire. Less saves
space and money. Less reduces pollution.

Buy less. Approximately 25% of the "waste" collected is unused chemicals.
Purchase only the chemicals and amounts that you need in the immediate future. If you
need only a small amount, ask another lab if you can borrow from their stocks. There is
no such thing as a "large economy size" of laboratory chemicals. A bulk quantity may
appear economical, but the cost of disposing of any excess will negate the savings.
Don't purchase chemicals speculatively. Smaller containers are easier to handle, less
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likely to be dropped. Some chemicals age and degrade more rapidly than others, large
containers often end up with half their contents becoming waste. Avoid end-of-budgetyear buying sprees. Do not accept gifts or samples unless you plan to use all of them in
the immediate future. Do not accept more than you need. These practices minimize
chemical waste because much of the University's hazardous waste is unwanted surplus
chemicals. Unfortunately, because of these unnecessary purchases, tons of laboratory
chemicals still with factory seals are shipped to be incinerated each year.

Store less. Storing excess and duplicate chemicals risks a fire, spill or leak. Some
chemicals become reactive or explosive with age. Fugitive emissions from stored chemicals
can lead to a harmful exposure. Storage of surplus takes up valuable laboratory space and
may be a violation of the fire code (see 4.2.c). Excess stored chemicals exacerbate a spill,
leak or release, and adds risks when responding to a fire. These are all good reasons to buy
less, and good reasons to regularly review your laboratory chemical stocks and dispose of
surplus. See procedure On-Site Service 4 in Chapter 7 of this Guide for how the Safety
Department will help you with a laboratory clean-out.

Use less. As discussed above, using smaller volumes / quantities of chemicals is
safer for you and the environment.

The Safety Department redistributes
surplus chemicals
between laboratories.

Call the Safety
Department for the
most recent copy of

LABSCAN.

Call us if you have
surplus chemicals that
can be used by another
laboratory.

Redistribute Surplus Laboratory Chemicals
One way the EPA measures source reduction is to review the volume of hazardous waste
generated from year to year. The redistribution program tries to reduce the volume of
unused chemicals being disposed as waste. The Safety Department will deliver these
surplus chemicals to your lab for free. When we collect a chemical for disposal, a chemist
examines it to determine that it has not degraded and is still useful for research. If so,
the Safety Department will redistribute it to another campus laboratory. All
redistributed chemicals are in their original manufacturer's container. In many cases, these
surplus chemicals still have the manufacturer's seals.
Use surplus chemicals. There are several ways to obtain surplus chemicals. The Safety
Department provides an updated list of LABSCAN redistributable chemicals on the Safety
Department website (http://www.fpm.wisc.edu/chemsafety/). Call the Safety Department to
contact the redistribution coordinator with a list of requested chemicals and arrange for
delivery to your laboratory. Some laboratories have given
Safety standing orders for chemicals they use frequently in large quantities. Tell us if
you can use chemicals that are not reagent grade. In some cases, one laboratory's wastes
can be used for a procedure that doesn't require a high purity chemical.
Redistribute your surplus chemicals. Redistribution works with chemicals that have not
degraded with age. So, please review your chemical inventory regularly and give your
surplus chemicals to the Safety Department. This will make your surplus chemicals
available for use by other laboratories. See procedure On-Site Service in Chapter 7 of
this Guide for removal of surplus chemicals.
A success story. The Safety Department's laboratory chemical redistribution program has
been in existence since 1980. About 30% of each LABSCAN list is redistributed, which
saves the University about $10,000 to $20,000 in the cost of chemical disposal. You
receive free laboratory chemicals. We reduce the amount of chemical waste that needs to
be disposed of. The whole University benefits!
Control Your Laboratory Chemical Inventory
As described above, a significant amount of laboratory hazardous waste is the result of
poor chemical inventory practices. Duplicates are purchased because chemicals are not
stored carefully and records of the current inventory do not exist. Labels fall off of older
containers creating an unknown that must be analyzed to enable appropriate disposal.
Because of undocumented use and poor inventories, researchers are often reluctant to
share chemicals, so laboratory shelves often hold half-filled bottles that are eventually
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Many vendors sell
laboratory
chemical inventory
software.

See the Chemical
Storage and
Management section in
Chapter 4 of this Guide
for chemical labeling
guidelines.

A chemical mass
balance is the first step
in assessing your lab's
impact on the
environment.

disposed of as hazardous waste. Worse yet, some chemicals become unstable, reactive
and explosive with age. If you are not monitoring expiration dates and chemical stocks,
your safety is at risk.
You can reduce these problems by controlling your laboratory's chemical inventory.
Keep an inventory of your laboratory chemicals in a card file, computer database or
spreadsheet. Some suggestions to having a viable inventory system:

Place one or two people in charge of purchasing new chemicals and maintaining
the inventory; some labs rotate this responsibility monthly.

Mark or code chemical containers to correspond to an identifier in the inventory
database; also, date each incoming container.
 Because of their small size and great number, samples are usually omitted from the
inventory, however, make sure samples are properly marked.
 To keep the system manageable, some laboratories do not inventory containers smaller
than 100 grams unless highly reactive, toxic or valuable.
 Devise a system of identifying chemical storage areas in your laboratory and mark
them; include this location in the database, spreadsheet or card file.

If you keep a collection of related chemicals that are used by numerous individuals in your research group (e.g., restriction enzymes), keep the inventory of these items
taped to the refrigerator or freezer whey they are stored.

Rotate stock; follow the principle of first-in, first-out.

Keep track of expiration dates and storage times, especially for peroxide- forming
and other degradable chemicals; see Section 4.5.h of this Guide.

Keep track of emptied containers and waste disposal to remove chemicals from
the database, spreadsheet or card file.
6.1.b Where Do Your Chemicals Go?
You purchase and use laboratory chemicals, but where do they go? Chapter 7 of this
Guide describes chemical disposal procedures, and what happens to waste that is
disposed of in the sanitary sewer or given to the Safety Department. But if you added
up all your chemical purchases, and subtracted all the waste you give to the Safety
Department, chances are there will be some amounts unaccounted.
One way to assess your laboratory's impact on the environment is to conduct a mass
balance. Choose one chemical, such as an organic solvent, and account for purchases and
disposal. Then try to determine how the rest disappeared. Stored solvents can evaporate,
be emitted to the air, and may contribute to air pollution. Poorly capped volatile organic
solvents stored in a fume hood can disappear overnight. Does yours? A rotary
evaporator will draw solvents into the sanitary sewer. You start your procedure with a
certain amount of solvent. How much of it ends up in the waste solvent carboy? Safety
occasionally tests building air emissions and sewer effluents, but the irregularity of
laboratory operations make a University. wide mass balance difficult.

Fugitive emissions are
the inadvertent
evaporation of
volatiles to the
atmosphere.

Reduce Laboratory Air Emissions
One potential source of pollution from laboratories is the emission of volatile chemicals
into the air. To prevent chemical exposure of personnel, laboratories are designed to
include fume hoods, local ventilation, ventilated cabinets and a specific level of room
ventilation. The exhaust of these systems is not filtered or treated in any way. Therefore,
you should use these ventilation systems to protect you from chemical exposure, but also
use them prudently to prevent excessive / unnecessary emissions to the environment.
Evaporation of laboratory organic solvents alone contributes significantly to the
University's toxic air releases. It is obvious when a sulfur-containing compound escapes
into the atmosphere, but most chemicals do not have such a low odor threshold to indicate
their release. Simple laboratory practices can minimize air emissions.

Keep containers of volatile chemicals capped; if a cap is not tight, replace the cap
or transfer the contents to another container. Keep waste solvent collection containers
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To reduce air
emissions, keep
containers of
volatile chemicals
closed.

Keep laboratory
operations using
volatile chemicals as
closed as safely
possible.

Do not dispose of
any chemical by
evaporation.

capped at all times, unless you are adding waste.

The best container seals have an even rim on the bottle and an appropriate fitting
cap with polyethylene or Teflon liner.

Minimize the amount of volatile chemicals in your lab; order and store only what
you need in the immediate future; call the Safety Department to redistribute your surplus
(see On-Site Service in Chapter 7).

Do not store chemicals in the fume hood; use an approved ventilated cabinet.
These have only a slight negative pressure and are less likely to draw volatile emissions
into the air.

Keep laboratory processes using volatile chemicals as contained as possible.

Keep the amount of waste solvents in your lab to a minimum. Dispose of carboys
by calling the Safety Department for removal. You should call Safety for carboy disposal
within three days of it being filled (see On-Site Service in Chapter 7).

If you do not fill carboys within 6 - 12 months, call Safety to have them picked up
anyway. Carboys that sit in a lab for a long time tend to become disconnected from their
contents log and become a disposal problem.

Do not dispose of any chemical by evaporation; it is illegal to evaporate hazardous chemical waste for the purpose of disposal.

Do not dispose of any gas by venting unless told to do so in Chapter 7 or by the
Safety Department.
Fume Hoods, Energy and the Environment
Fume hoods are invaluable laboratory safety controls. When you use a toxic chemical in a
fume hood, it can protect you from a harmful exposure. Fume hoods are also energy
wasters. On average, it costs $2,500 a year to operate a fume hood. This is because it
exhausts conditioned air -- warmed air in the winter and cooled air in the summer.
Pollution is also a byproduct of energy generation and use.

Wasteful energy use
results in unnecessary
pollution. Your efforts
to conserve energy
prevents pollution.

Also remember, if a
process is connected
to a water supply,
do not connect it to a
sewer or use
contaminated or
toxic liquids unless
an antisiphon or
backflow device is
included. Do not
remove installed
devices. These
protects your drinking
water.

So, to reduce / prevent pollution, we need to conserve energy while insuring safe working
conditions. This is accomplished by using fume hoods wisely. Do not use a fume hood
for chemical storage; keep it clear for work. Instead, use a ventilated storage cabinet that
draws less conditioned air.
If you are involved in the design or remodel of a laboratory, consider local exhaust
systems (such as a benchtop exhauster) for routine operations. These systems often
provide protection at lower cost, use less energy and make unencumbered workspaces.
Also, do not alter or remove original parts of a fume hood for any reason. Each piece of
metal and/or glass is there for a very specific reason and was in place when the fume
hood was last certified. Annual certification (see Chapter 4) verifies that the hood is
drawing an adequate amount of air from the room to provide a safe environment for our
work. If you modify the hood, it may very well fail to adequately protect you.
6.1.c Reduce Laboratory Wastewater Effluents.
As long as you use a sanitary sewer and follow the Sanitary Sewer Procedures in Chapter
7 and Appendix A of this Guide, you may safely dispose of a variety of laboratory
wastes into the sanitary sewer system. Remember, everything that goes into the sanitary
sewer system at the University, goes through numerous treatment processes at the
Madison Metropolitan Sewerage District before it is released. Because of the
chemical, physical and biological degradation processes in the system, sanitary sewer
disposal is often more appropriate than commercial disposal, poses no undue safety
hazard and is less expensive. Just remember:
 Make sure containers of liquids are not leaking nor overfilled.
 Make sure any apparatus that drains directly into a sink do not leak or have
unnecessary discharges.

Make sure liquids are stored in trays, other containers or diked areas with no floor
drains so that spills are contained.
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Work with others in your laboratory to limit sewer discharges to those in
Chapter 7 of this Guide.

We've learned much
about toxicity in
recent years. Try a
less hazardous
substitute in methods
that traditionally use
toxic chemicals.

Search for a safer
substitute. Let us
know if you find
ones not mentioned
here.

Substitution
with a safer
chemical is
one of the
best ways to
reduce
pollution.

Substitution isn't
always ideal. Some
procedures don't
work as well.
Some substitutes
aren't as safe as
you'd like.
Substitution often
requires
successive trials
and evaluations.


Do not dispose of any waste into a storm sewer; most outside drains and sewers
are storm sewers that discharge directly into a lake.

For wastes that are disposed of in the sanitary sewer, consider less toxic
substitutes.
6.1.d Substitute With a Safer Chemical
One of the most successful ways to reduce pollution is by substituting a chemical with
less hazardous properties for a more hazardous chemical. For many laboratory protocols, an
environmentally sound alternative exists.
Use non-ignitable liquid scintillation cocktail. One of the UW's more successful pollution
reduction practices is the substitution of non-ignitable liquid scintillation cocktail (LSC)
for toluene-based cocktails. This change was initiated by the Safety Department in 1990.
These non-ignitable cocktails reduce the risk of laboratory fire and personnel exposure to
toluene. Additionally, toluene-based cocktails must be commercially incinerated as a
hazardous waste while most non-ignitable, water emulsifiable LSC can legally be disposed
of in the sanitary sewer.
Other substitutes. In one study, the University of Illinois, Urbana-Champaign's Division of
Environmental Health and Safety, explored laboratory waste minimization opportunities
(Ashbrook, Peter C., Cynthia Klein-Banay ad Chuck Maier, Determination, Implementation
and Evaluation of Laboratory Waste Minimization Opportunities, 1992). The following table
includes some common chemical substitutes from that study.
Hazardous Chemical

Safer Substitute

Used For

Acetamide

stearic acid

freezing point depression

Benzene

xylene or hexane

many solvent uses

benzoyl peroxide

lauryl peroxide

some polymer catalysis

carbon tetrachloride

cyclohexane

qualitative test for halides

formaldehyde (formalin)

ethanol

specimen storage

halogenated solvents

non-halogenated solvents

some extractions and other
solvent uses

sodium dichromate

sodium hypochlorite

some oxidation reactions

sulfide ion

hydroxide ion

qualitative test for heavy
metals

toluene-based scintillation
cocktail

non-ignitable scintillation
cocktail

studies using radioactive
materials

Stop using chromic acid solution. Chromic acid solution is a mixture of concentrated
sulfuric acid and potassium dichromate, Chromerge® (chromic acid), or chromium anhydride
(chromium trioxide). It is used to clean laboratory glassware because it oxidizes most
residues and eats away a very thin layer of the glass surface, leaving a new, clean surface.
Chromic acid solution is a dangerous chemical. It is a strong corrosive. It is a strong
oxidizer that has been known to react violently and explode when combined with
oxidizable materials. It contains chromium(VI), as chromic or dichromic acid, which is a
known human carcinogen. Chromium is toxic in other ways to humans, flora and fauna.
These properties make it extremely difficult to handle safely.
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There are many commercially available alternatives for chromic acid solutions. The
Safety Department strongly encourages you to stop using chromic acid solutions unless you
have tried the alternatives below and found them to be unsatisfactory. They are listed in
groups of increasing hazard. This information is also derived from the University of
Illinois study.
Nonhazardous cleaning solutions (safest; try these first)

Ultrasonic baths (these work well for many labs)

Alconox or similar detergents

Pierce RBS-35 or similar detergents

Biodegradable surfactants
Strong corrosive solutions (hazardous due their con-osivity)



Potassium hydroxide/ethanol solutions (also flammable)
Dilute hydrochloric acid

Strong oxidizing acid solutions not containing chromium or other toxic metals (very hazardous;
least desirable alternative). Other solutions of strongly oxidizing acids work in the same
way as chromic acid solution. Potassium permanganate / sulfuric acid baths are generally
not recommended, they are very dangerous and potentially explosive if made incorrectly.


At the UW, the cost and
time spent on the
cleanup and disposal of
mercury spills is
disproportionately high.

See Chapter 5 of the
Guide for details on
mercury spill
cleanups. Chapter 7
describes mercury
disposal procedures.

In many labs, most
mercury thermometers
can be replaced with
non-mercury
thermometers.

Potassium persulfate / sulfuric acid (sold commercially as NoChromix®)
Aqua regia (mixture of hydrochloric and nitric acids)

Avoid mercury and its compounds. Like chromium, mercury is a toxic metal that, unlike
other corrosive or organic compounds, can't be neutralized or destroyed. As a result,
mercury is very difficult and costly to safely dispose.
Mercury and its compounds are used widely in laboratories. Mercury waste from broken
thermometers and manometers is far too common at the University of Wisconsin.
Although free-flowing, metallic mercury can be recycled commercially for reuse,
mercury contaminated thermometers and spill cleanup supplies are expensive wastes.
Anyone who has broken a mercury thermometer or spilled free-flowing mercury knows
how difficult and time consuming it can be to clean up the residue. In the extreme case,
residual mercury from a spill or careless handling can pose a chronic health risk to
laboratory personnel.
To prevent these problems, the Safety Department strongly recommends that you use
alternatives to mercury thermometers. These include alcohol (red liquid) thermometers,
thermocouples and other electronic temperature devices. Thermocouples are preferred for
monitoring the temperature of a water bath where glass thermometers are prone to
breakage. If alcohol thermometers and thermocouples are unsatisfactory, consider using
Teflon® coated thermometers that will contain the mercury in the event that the capillary
is broken.
Due to their toxicity, mercury compounds and solutions containing mercury must be
carefully stored and used. Laboratories are encouraged to reduce the amount of mercury
they use and mercury-containing wastes they generate. Possible alternatives include:
 If a mercury compound is specified for a procedure, first determine if a less toxic substitute
can be used; for example, in most cases copper sulfate can be substituted as the catalyst
in Kjeldahl analyses with no loss in total organic nitrogen recovery.

Reduce the scale of the process to reduce the amount of mercury used and
disposed.

Minimize the volume of waste generated by including precipitation or other treatment methods during the last step. Call the Safety Department for chemical treatment
procedures.

Only buy as much mercury and mercury compounds as you will use in the
immediate future.
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6.2 Environmentally Sound Recycling

The Safety Department inspects the
UW's commercial
recyclers to make
sure they use
chemical and
environmental
safety practices.

Once you have done what you can to prevent pollution, try to reduce risks to the
environment in other ways and follow those practices that have the least impact
on the environment. This chapter describes some of these methods.
Recycling is the processing of waste so that it can be used again. While
recycling is viable, it should be done in a way that does not harm the
environment. For example, distillation of waste organic solvents requires
containment to prevent spills and leaks. Controls may be necessary to minimize
air emissions and prevent exposure to laboratory personnel. Transport and
handling risks are minimized when recycling occurs as part of the laboratory
process (e.g., in-process recycling) or near to the point of waste generation (i.e.,
in the lab or building). Photography and x-ray laboratories have recovered silver
from their wastewater for many years. Many recovery systems exist, including
in-lab electrophoretic units that are maintained by commercial services.
6.2.a Distill Waste Organic Solvents

Because waste
organic solvents
is such a large
wastestream in
many labs,
distillation and
reuse has great
potential for
preventing
pollution.

In-laboratory distillation of waste organic solvents has been used by several
laboratories at the University to recycle waste organic solvents. One laboratory
recovers xylene for reuse in tissue preparation; several histology laboratories
have successfully recycled their solvents. Recovered acetone and ethanol can be
used for rinsing glassware, where technical grade quality solvents are satisfactory.
The University of Illinois study and laboratories at other institutions have found
that many hazardous waste streams could be successfully recycled. Some
candidates include methanol / laser dye mixtures and acetonitrile waste from
HPLC analysis.
Modern spinning band stills can produce a very pure product. Their
microprocessor controllers make these stills easy and safe to use. Simple gas
chromatography can be used for quality assurance of the purified product. Call
the Safety Department if you would like to explore solvent distillation and we'll
help you get started.
6.2.b Commercial Recycling of Laboratory Chemicals

Reduce,
reuse,
recycle!

The Safety Department actively recycles metallic mercury, petroleum-based
oils from diffusion and vacuum pumps, and uncontaminated lead from
radioactive packages. To dispose of these, simply give these wastes to the Safety
Department by following procedure On-Site Service in Chapter 7 of this Guide.
Not all wastes can be recycled. Just as the city has difficulty recycling certain
plastics, commercial recycling of laboratory chemicals and wastes is limited by
the fact that small scale lab wastes are uneconomical, the lack of markets for
certain recycled waste, and the unavailability of environmentally sound recycling
facilities.
6.3 Minimize Waste
It may be difficult for your laboratory to minimize its waste. By its very nature,
research is often the process of investigating something and throwing the
residue away. Unlike large industrial processes, the multitude of irregular
laboratory operations are intrinsically more difficult to control. Still, there are
things you can do to prevent pollution and minimize hazardous waste.
As noted above, beyond pollution prevention, hazardous chemical waste can be
minimized by reusing the waste in another process or by recovering its energy value.
Beneficial reuse is exemplified when laboratories use surplus base to neutralize
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waste acids (and vice versa). This not only minimizes hazardous waste, but creates
a product that can be safely disposed of in the sanitary sewer.
Hazardous waste is also minimized when organic solvents are disposed of
via the Safety Department in a waste collection carboy. Most waste organic
solvents from the University have a high BTU value and are excellent fuels. To
recover their energy, waste solvents are blended with other fuels and used as
heat sources such as in the production of cement. Chemical destruction by this
heating process, which normally reaches 1650 °C (3000 °F), is very efficient.
Lime in the cement also neutralizes any acid gases that are produced.

For those wastes
that cannot be
prevented or further
minimized,
incineration and
fuel blending are
environmentally sound
chemical disposal
methods.

6.4 Reduce Environmental Risks
After you've tried the above pollution prevention and waste minimization
methods, there are other things a laboratory can do to reduce environmental
risks. Wastes that are neutralized, treated and managed in the laboratory are not
subject to accidents and releases that can occur during transportation and
handling. Chapter 7 of this Guide describes In-Lab Chemical Management, such
as neutralization of acids and chemical treatment of toxic chemicals.
The majority of non-solvent hazardous chemical waste disposed by the
Safety Department is commercially incinerated. Incinerators reduce
environmental risks of hazardous waste by destroying more than 99.99% of the
organic constituents. Air pollution control equipment on these incinerators is
used to further reduce emissions.
6.4.a Neutralize Waste Acids and Bases
The Safety Department strongly encourages laboratories to neutralize their
waste acids and bases for disposal in the sanitary sewer. After neutralization,
these wastes can be safely disposed of in the sanitary sewer. Waste acids are
very difficult to transport and handle. In-laboratory neutralization and sewer
disposal can be done safely and is very efficient. See Chapter 7 of this Guide for
several neutralization procedures. Appendix A lists neutralizable chemicals and
their corresponding procedure in Chapter 7.

Be responsible.
For the waste you
generate neutralize
acids and chemically treat other
wastes (see
Chapter 7).

6.4.b Chemically Treat Laboratory Wastes
The Safety Department also encourages labs to chemically treat certain chemical
wastes in the laboratory. In-lab chemical treatment reduces transport and
handling risks, and reduces the cost of collecting, storing and disposing chemical
wastes. If you routinely generate wastes that can be treated, include waste
treatment as the final step in your procedures. In some cases, the treatment
product can be safely disposed of in the sanitary sewer. Chapter 7, Chemical
Disposal Procedures of this Guide includes methods for deactivation, bleach
oxidation, precipitation and reduction to yield a less toxic waste. Chemical
treatment procedures are described for:






Acrylamide solutions (polymerization).
Chemical carcinogens and mutagens.
Cyanide salts (oxidation with bleach).
Ethidium bromide solutions (oxidation with bleach).
Neutralize Acid 6: Chromic acid cleaning solutions (reduction and
neutralization of Cr(VI)) and COD waste.
 Osmium tetroxide (conversion to less volatile form).
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Other in-lab chemical treatment procedures can be found in the Hazardous Laboratory Chemicals Disposal Guide by Margaret A. Armour, CRC Press, 1991 and
Destruction of Hazardous Chemicals in the Laboratory by George Lunn and Eric B.
Sansone, Wiley-Interscience, 1990.

6.5 Manage Waste Efficiently
In many cases, waste can be minimized, but not eliminated. As mentioned above,
waste is a byproduct of research, teaching and testing. However, it is prudent to
manage all remaining wastes as efficiently as possible. Resources saved from
efficient waste management can be utilized to improve the University's teaching,
research and public service programs or they can be reallocated to other environmental protection projects.
The management of chemical waste is most efficient when laboratory personnel
keep waste types separate, prudently use the sanitary sewer and normal trash, and
help us collect waste efficiently. Thus, the Safety Department collects and handles
waste organic solvents in 5-gallon carboys because it is safer and more efficient than
collecting such waste in many smaller, potentially breakable, bottles.

Keeping wastes
separate maximizes
disposal options
and keeps disposal
costs down.

Also keep radioactive, biohazardous
and chemical waste
as separate as
possible.

Refer to Chapter 7
for guidelines on
normal trash and
sanitary sewer
disposal.

6.5.a Keep Waste Types Separate
Do not mix different types of wastes (e.g., hazardous and nonhazardous) together
except for organic solvents that are collected in carboys as described in procedure
Organic Solvent Collection in Chapter 7 of this Guide. When hazardous and
nonhazardous wastes are mixed, the mixture becomes hazardous and the entire
volume needs special disposal procedures. When wastes of different characteristics
and compositions are mixed, treatment and disposal becomes much more difficult
and expensive. A small amount of hazardous liquid waste mixed with a large
amount of non-hazardous liquid waste must be disposed of as hazardous waste.
Thus, organic chemicals can be incinerated, but mercury waste that has been mixed
with organic chemicals cannot be incinerated. Some cardinal principles to observe:
 Do not place hazardous waste in the normal trash. Appendix A lists some chemicals that can safely be disposed of in the normal trash; follow Normal Trash
Procedures in Chapter 7 of this Guide for those wastes.
 Do not place normal trash, or wastes that can be disposed of in the normal trash or
sanitary sewer, in containers of laboratory chemicals or chemical wastes.
 Dispose of organic solvents in the proper carboy. White carboys are primarily
intended for non-halogenated solvents suitable for fuel blending; yellow carboys
are for the disposal of halogenated solvents that must be incinerated, with no
energy recovery. Appendix A lists organic solvents and their appropriate carboys.
6.5.b Safely Use the Sanitary Sewer and Normal Trash
There are many laboratory chemicals that can be safely disposed in the sanitary
sewer or in the normal trash. Proper use of these methods prevents unnecessary
handling of these wastes. Chapter 7 of this Guide includes specific procedures for
using the sanitary sewer and the normal trash.
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6.5.c Minimize Chemically Contaminated Labware
One of our fastest growing waste streams is chemically contaminated labware. The
procedure in Chapter 7, Labware Contaminated With Chemicals, of this Guide
describes how to dispose of labware. There are several ways to reduce the volume of
contaminated labware. First, discard only wastes known to be chemically
contaminated as hazardous wastes. If your gloves and benchtop covers were not
contaminated, dispose of them as normal trash. For contaminated labware, try to
decontaminate it according to the procedures in Chapter 7.

6.6 Review Questions
1. Which of the following is not a method of source reduction:
a. Process modification
b. Substitution
c. Recycling
2. A substitute for benzoyl peroxide for some polymer catalysis is:
a. Cyclohexane
b. Sodium hypochlorite
c. Stearic acid

d. Improved operation

d. Lauryl peroxide

3. Less toxic alternatives to chromic acid include:
a. Detergents, ultrasonic baths and potassium permanganate baths
b. Detergents, ultrasonic baths, lead chromate dissolved in sulfuric acid and biodegradable
surfactants
c. Detergents, ultrasonic baths, oxidizing agents not containing heavy metals and biodegradable
surfactants
d. Detergents, ultrasonic baths, bleach and biodegradable surfactants
4. Which of the following is not an alternative to an ordinary glass mercury thermometer?
a. Alcohol (red liquid) thermometer
b. Thermocouple
c. Teflon® coated mercury thermometer
d. An incubator
5. Which of the following are waste minimization strategies applied by the University of WisconsinMadison Safety Department?
a. On-site recycling and land filling
b. Neutralization and chemical treatment
c. Off-site recycling and beneficial reuse
d. Product modification and substitution
6. Which of the following is not a method to reduce the risk involved in chemical use and management?
a. Neutralization
b. Chemical treatment
c. Open burning
d. Incineration
7. Items that cannot be disposed of safely in the normal trash include:
a. A half-full bottle of barium carbonate
b. Solvent-soaked silica gel
c. Glassware containing mercury droplets
d. All of the above
8. To reduce the volume of waste that is generated in your laboratory you can:
a. Take the cap off your carboy to evaporate solvents
b. Precipitate heavy metals out of solution
c. Dispose of any quantity of chemical in the sanitary sewer
d. Heat aqueous solutions until they are evaporated away
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Chemical Disposal Procedures
There are three kinds of chemicals in the lab:

Those that will be used soon

Those that someone could use, if not your lab

Those that are unusable, unreclaimable or spent
We discussed usage in Chapter 4, waste minimization in Chapter 6. In this chapter
we will Took at disposal. Regardless of the use, respect all chemicals for the chemical and physical properties (hazards) that they possess.
EPA and DNR laws
regulate the
generation, transport, treatment,
storage and
disposal of chemical waste.

Disposal of waste and unwanted chemicals has become increasingly
complicated. The U.S. Environmental Protection Agency (EPA) and the
Wisconsin Department of Natural Resources (DNR) regulate the disposal and
treatment of hazardous waste, including waste laboratory chemicals. By
following the procedures in this chapter, you help the University comply with
these environmental laws and protect health and the environment. For more
information about the details of hazardous waste laws, see Chapter 3 and
Appendices B and H.
Before seeking a disposal method for your chemical waste and when
planning your work, consider the pollution prevention and waste
minimization methods discussed in Chapter 6. Some unwanted chemicals can
be used by another lab if they are in their original containers and are in good
condition. If you have surplus chemicals, call the Safety Department for onsite removal. Well try to find another laboratory that can use them.
There are two methods of dealing with chemical products and waste:

In-Lab Chemical Management. In-Lab
Management includes simple disposal and
treatment methods that can be done in your Jab,
such as solvent commingling, flushing down the
sanitary sewer, and neutralization. These disposal
procedures are described in detail on the
following pages. Call the Safety Department for
advise regarding the disposal of specific
chemicals and wastes and, in some cases,
demonstrate treatment and neutralization
procedures.

Call the Safety
Department at
262-8769 if you
have any disposal
questions.

 On-Site Hazardous Materials Management. For On-Site Service the Safety
Department staff will come to your laboratory to remove those items that can be
recycled, require a more complex disposal procedure, or require disposal at a
commercial hazardous waste treatment, storage and disposal facility. Most of
the University's hazardous waste is either incinerated in an EPA permitted
hazardous waste incinerator or blended with fuel for incineration in a cement
kiln to recover its heat energy.
The following instructions address a broad scope of chemical disposal situations.
For customized treatment methods, individual consultation or further information on
our services, please call the Safety Department.
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7.1 In-Lab Chemical Management
There are many chemicals that can be properly disposed of by discharge into the
sanitary sewer after neutralization or other chemical treatment method, by discharge
into the sanitary sewer with no neutralization or other chemical treatment required, or
directly into the normal trash. Deciding which disposal route is most appropriate for
your material depends on the amount of waste, its chemical and toxicological
properties, its environmental fate, and the capability of your laboratory.
Appendix A of this Guide is an alphabetical list of chemicals and their appropriate disposal procedures. If your chemical is not suitable for reuse by another lab (see
Chapter 6 for suitability criteria), look it up in Appendix A for its disposal
procedure. If it is listed in Appendix A you may dispose of the material in your
laboratory following one of the following procedures. Some laboratories do not have
the facilities for in4ab management or the personnel are uncomfortable using the
disposal procedure described here. If so, use the On-Site Service procedures.
The specific procedures and waste types are detailed alphabetically in the following sections. Call the Safety Department if you have any questions.
 Acids
Look up chemical in Appendix A, then see Neutralization Procedures: Strong Acids
and Bases.
 Acrylamide
Acrylamide is a potent neurotoxin. Respiratory protection should be used when
handling powder or it should be handled in a fume hood.
 Dispose of solid acrylamide powder using On-Site Service 1 procedure.
Most acrylamide
gels can be
 Acrylamide and other electrophoresis gel solutions can be polymerized and
disposed following
discarded in the normal trash. Acrylamide solutions should be polymerized
procedure Normal
according to the procedure given by the supplier. Discard the gel in the normal
Trash 2.
trash following Normal Trash 2. If gelling does not occur, discharge to the
sanitary sewer according to Sanitary Sewer 7.
 Dispose of empty acrylamide containers using Normal Trash 4 procedure.
Remember to rinse container of dust or residuals with water and sewer rinsate.
 Alternatively, follow procedure On-Site Service 1 for the disposal of acrylamide
solutions.
 Aerosol Cans
Refer to procedure Gas 1 for disposal of aerosol cans.
 Aqueous Solutions
Most aqueous solutions can be disposed of in the sanitary sewer.
 Aqueous solutions of water miscible flammable organic solvents. Solutions of
less than 10% acetone, ethanol, methanol and other water soluble and miscible
solvents, can be put down the drain followed by 10 volumes of water. These
solvents are in many ways similar to an alcoholic mixed drink. One safe way to
sewer them is to pour the solvent mixture directly into the drain with the faucet
running for dilution. See procedure Sanitary Sewer 8 for more information.
Aqueous solutions of more than 10% of the above solvents or more than 5 liters
should be disposed according to Organic Solvent Collection.
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 Aqueous Solutions of Inorganic Chemicals. Check Appendix A for the appropriate disposal procedure. Aqueous solutions of inorganic chemicals should be
disposed of according to Sanitary Sewer 6.
 Aqueous Solutions of Organic Chemicals. Check Appendix A for the appropriate disposal procedure. Aqueous solutions of organic chemicals should be
disposed according to Sanitary Sewer 7.



Bases
Look up the chemical in Appendix A, then see Neutralization Procedures: Strong
Acids and Bases.



Batteries
There are four types of batteries used on campus: automotive, ordinary alkaline,
toxic metal containing (e.g., cadmium and mercury) and flammable. Each of these
battery types requires a different disposal procedure:
 Batteries containing toxic metals like mercury and cadmium (i.e., rechargeable
nickel-cadmium [NiCad]) should be disposed of following On-Site Service I.
 Lithium metal nickel-metal hydride containing batteries may be hazardous
(flammable) and must be disposed following procedure On-Site Service I.
 Disposal of automotive (lead-acid) and smaller lead-acid batteries involves
contacting the University Garage for specific instructions.
 Ordinary alkaline batteries (e.g., zinc-manganese dioxide) can be disposed in the
normal trash.
 If you have a large number of batteries (i.e., more than 20) call Safety for advice.



Chemical Carcinogens and Mutagens
Chemical carcinogens or mutagens may be disposed of by following procedure OnSite Service I for removal by Safety Department personnel. Alternatively, you may
treat certain carcinogens and mutagens, depending on the identity and quantity of
waste. Treatment methods are detailed in Destruction of Hazardous Chemicals in
the Laboratory, George Lunn and Eric Sansone, Wiley and sons, 1994 2nd Edition
and Hazardous Laboratory Chemicals Disposal Guide, Margaret-Ann Armour,
CRC Press (Lewis), 1996 2nd Edition.
Laundry bleach, aqueous sodium hypochlorite-sodium chloride-sodium hydroxide
mixture, is often seen as a panacea treatment of toxics and smellies. Hypochlorite
specifically oxidizes only certain molecular functional groups. Questions to answer
before bleaching your substance are: Does the chemical have the right functional
group? Does oxidizing the compound solve the toxic or odor problem effectively?
Another important question to answer is: Is the chemical water soluble and is it
compatible with aqueous base (i.e., not an acid)? Remember, bleach solution will
also lose its titer (0.71 molar chlorine) if carbon dioxide in air gets into the container
over time. The acidification of chloride-hypochlorite produces chlorine (i.e., the odor
of bleach).

See Chapter 2 and
Appendix D bra
discussion of the
hazards of chemical
carcinogens and
mutagens.

 Chemical treatment of a substance should have a reason. Surplus or unused
material in a good container and labeled as to what is the chemical, should be
sufficient as is for OSHMM in-lab pickup (see Section 7.2). Toxic compounds in
aqueous or organic solvent may have added hazard due to the mobility of the
solvent, especially in the event of a breakage or spill. Being able to chemically
eliminate the toxicity and sewer dispose the water or commingle the solvent (i.e.,
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see Organic Solvent Collection) could be an advantage. Call Safety (5-5518) for
more information on specific chemicals.
 Ethidium bromide disposal procedures are addressed separately below.
 Specific procedures for degradation or destruction of other carcinogens and
mutagens can be obtained by calling a chemist at Safety.
 Materials for which there are no treatment methods can be disposed following
procedure On-Site Service 1 in Section 7.2.
 Cyanide Salts
Water soluble cyanide salts, excluding coordination anions, (e.g., NaCN) may generate deadly hydrogen cyanide gas when combined with acids. Carbon dioxide in air
will dissolve in cyanide solutions and slowly acidify cyanide ion to hydrogen
cyanide, which is volatile and is the odor of such solutions. Large volumes of
solutions, high concentrations and solid salts are best disposed of following procedure On-Site Service 1.
For smaller quantities of lesser concentration the following procedure may be used.
It describes a method to verify the oxidation of cyanide ions to cyanate. The
formation of a coordination compound in step 4 indicates further oxidation is necesFollow this ONLY
sary before the waste can safely be disposed into the sanitary sewer. For each
for small volumes of
dilute solutions
chemical or solute, limit daily discharges to 100 grams per principal investigator.
containing cyanide
ion.

See Hazardous Laboratory Chemicals Disposal Guide, Margaret A. Armour, CRC
Press, 1991, pp. 120-121. The procedure assumes fresh bleach is used. To check the
strength, titrate. This can be done fairly crudely by following the steps, below.
Conceptually, add I mL of bleach to 10 mL of 2.5% potassium iodide; iodine should
appear. Titrate that with 5% sodium thiosulfate pentahydrate, 0.2 molar solution ( a
10 mL graduated pipette with a two-way valve bulb on it works great!) to disappearance of iodine. Full strength should draw 7.1 mL.
1. Follow procedures described in Planning For Neutralization of Acids and Bases
found in Neutralization Procedures, below.
2. Dilute the solution with water to a concentration not to exceed 2% w/v of cyanide
ion. With this recipe, the oxidation reaction produces a temperature rise (AT) of
25 °C (45 °F), at most. Prepare a hot water bath in a fume hood.
3. For each 50 mL of this cyanide solution slowly add 70 mL household bleach
while stirring.
4. Test the solution for residual cyanide as follows:
a. Place 1 mL reaction mixture in a test tube. Add 2 drops 5% ferrous sulfate
solution. Remember, excess bleach will oxidize the solution.
b. Place in hot water bath and allow to boil for 30 seconds. Cool to room
temperature.
c. Add 2 drops 1% ferric chloride solution. Add 6 Molar hydrochloric acid until
the solution is acidic to litmus.
d. If residual cyanide is present a deep blue precipitate of sodium ferricferrocyanide (NaFe[Fe(CN)6]) will be formed.
5. If cyanide remains add more bleach to the reaction mixture and repeat the test for
residual cyanide.
6. If no precipitate is formed wash the solution down the sanitary sewer with 20
volumes water per volume reaction mixture.
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Bleach can lose its chlorine if carbon dioxide from the air gets in the container during
storage. Check for oxidizing capability with KI solution (OCl- + 2I- +H2O → I2 + Cl+ 2OH-). The same can be done for checking the reaction mixture. If 0C1- is in excess,
then any CN- that is in solution (i.e., not tied up) will have been oxidized.
 Ethidium Bromide
Ethidium bromide is a powerful mutagen widely used in biochemical research
laboratories for visualizing DNA fragments. For safe use considerations, refer to
Section 4.6.h. Ethidium bromide powder can be disposed following procedure OnSite Service 1.
»
Ethidium bromide
containing solutions
can be disposed in
the sanitary sewer,
poured in a carboy
or treated in-lab.

Ethidium Bromide 1: Aqueous solutions of ethidium bromide
 Aqueous run-off from gel staining can be sewered without concern.
 Dilute aqueous solutions less than 10 mg/L can be disposed of in the sanitary
sewer. See procedure Sanitary Sewer 7, below.
 Aqueous solutions of more than 10 mg/L ethidium bromide can be put in a
carboy. See Organic Solvents / Yellow Carboy procedure, below.
 Alternatively, you can use bleach to chemically treat ethidium bromide and dispose
of the resulting mixture in the sanitary sewer. Contrary to older literature, recent
findings of Margaret-Ann Armour of the University of Alberta show that waste
ethidium bromide solutions can be safely treated with common household bleach
to generate a non-mutagenic (according to the Ames test - note, Ames assay doesn't
detect recombinational mutations) solution of 2-carboxybenzophenone (see "Tested
Laboratory Disposal Methods For Small Quantities of Hazardous Chemicals" in
Waste Disposal in Academic Institutions, James A. Kaufman, ed., Lewis Pubishers,
1990, p. 127). Use this procedure to treat ethidium bromide solutions:
1.
Carry out these steps in a fume hood.
2. Add 4 mL fresh bleach for every 1 mg ethidium bromide (remember, bleach
can deteriorate upon exposure to air). For concentrations of ethidium bromide
below 250 mg/L, add 1 mL bleach for each 1 mL solution.
3.
Stir at room temperature for 8 hours or overnight.
4. Rinse the destroyed ethidium bromide solution down the sanitary sewer with
20 parts water.
Thus, stock aqueous solutions can be oxidized by bleach solution. Bearing in mind
that oxidizing one gram of the dye or 100 ml of 1% stock concentrate will need a
gallon of the 5.25% solution, and that is if its fully fresh, for at least 8 hours of
stirring and enclosed to keep out carbon dioxide.

»

Ethidium Bromide 2: Acrylamide gels containing ethidium bromide
Because of their low ethidium bromide concentration, acrylamide gels containing
ethidium bromide and stained absorbent materials can be disposed of in the normal
trash following procedure Normal Trash 2.

»

Ethidium Bromide 3: Cesium chloride / ethidium bromide solutions
Waste aqueous solutions of cesium chloride and ethidium bromide sometimes are
generated as a biphasic liquid with an alcohol layer. The following procedures are
all appropriate for these wastes.
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 Dilte aqueous solutions of less than 10 mg/L ethidium bromide can be
disposed of in the sanitary sewer. See procedure Sanitary Sewer 1.

Aqueous solutions of more than 10 mg/L ethidium bromide are best treated
by using bleach to chemically treat ethidium bromide. The resulting mixture should be
disposed in the sanitary sewer. Follow the procedure in Ethidium Bromide 1, above, to
treat ethidium bromide solutions:

Alternatively, you can dispose of your liquid following On-Site Service 1.
»

Ethidium Bromide 4: Alcohol solutions of ethidium bromide
Waste alcohol solutions of ethidium bromide commonly contain butanol, n-propanol or
amyl alcohol. Organic solvent solutions of the dye and Alcohol solutions of ethidium
bromide can be commingled with waste solvents. Place them in a round carboy
following the procedures for Organic Solvent / White Carboy.

»

Ethidium Bromide 5: Labware contaminated with ethidium bromide
Contaminated labware includes disposable gloves, pipettes, test tubes, etc., that are
contaminated with ethidium bromide. Follow the procedure below, depending on your
waste type.
 Needles, spatulas and other sharps contaminated with ethidium bromide
should be disposed of directly into the sharps container. See Chapter 9 for more
information about sharps disposal.
 Pipettes and other disposable glassware contaminated with ethidium
bromide should be disposed of in the waste container designated for glass
disposal (see Chapter 9). Grossly contaminated glassware may be washed in
water before disposal and the rinsate treated with bleach and sewered.
 Test tubes and centrifuge tubes contaminated with ethidium bromide should
first be emptied, with the liquid disposed according to the appropriate procedure
given above. Empty tubes can then be disposed in the normal trash (see Normal
Trash 2). Grossly contaminated glassware can be soaked in water prior to disposal
and the rinsate treated with bleach and sewered.
 Heat sealed tubes containing ethidium bromide should be given to Safety for
disposal according to procedure On-Site Service 1.
 Most other disposable labware contaminated with ethidium bromide can
safely be disposed of in the normal trash according to Normal Trash 2. If you
feel that your labware contains an unusually high concentration of ethidium
bromide, call the Safety Department for an evaluation, or follow procedure OnSite Service 1 for removal of your contaminated lab ware. Water rinsate of
grossly contaminated labware may be treated with bleach prior to disposal.

 Explosives and Potential Explosives
Explosive and potentially explosive chemicals may require specific handling procedures to prevent detonation. Read about reactive, explosive and shock-sensitive
chemicals in Part B. If you are concerned about the potential explosive nature of a
laboratory chemical, call the Safety Department for an evaluation by following
procedure On-Site Service 3.
 Flammable Solvents
Please refer to Organic Solvent Collection for further details
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 Gases in Aerosol Cans and Cylinders
As with most hazardous wastes, the best way to manage gas cylinders, canisters and
cartridges is to keep surplus to a minimum. This can best be accomplished by buying
only what you need, by using all you buy, by emptying cylinders completely through
routine use, and by not purchasing duplicate cylinders for those that are partially full in
Minimization is the
your inventory. Chapter 4 has more information on the safe management of gas
best disposal route
for gas cylinders.
cylinders. There are two types of cylinders used on campus:
 Cylinders supplied by our industrial gas vendor (containing argon, CO2, He, N2, O2,
air and other common gases) usually in 50-inch cylinders and distributed by Material
Distribution Services.
 Specialty gases, supplied by various vendors, usually in lecture bottles (usually
12-inches long).

»

Gas 1: Aerosol cans
Aerosol cans cover a wide spectrum of agents. Disposal should consider the kind of
aerosol, the propellant, status of the can. Types of aerosols include:

pesticides,

paint, hair spray lacquer, lubricants,

1 foams (shaving cream, whipped cream, oven cleaner, etc.),

propellant for spray reagents (Berneulli effect),
The type of propellant or material in the can:

solid dissolved in a liquid and charged with a gas.

liquid charged with a gas.

gas only (e.g., freon, CO2, N2, etc.)
The actual quantity of material remaining in the can:
 can is full

can is partially full

can has material, but no pressure

can is empty
Additionally, the operability of the valve is important:
 valve for making spray is missing, doesn't work or container needs a spray devise
that is no longer available.

valve can be made to operate.
Aerosol cans can be sprayed out until empty and disposed of in the normal trash.
Spraying out a full can, however, is tedious and messy. For cans of hazardous
substances that are not empty but have no propellant, use On-Site Service 1 for
disposal.

»

Gas 2: Return of gas cylinders to Material Distribution Services
Cylinders obtained from Materials Distribution Services (MDS) are to be returned
for reuse. The valve protection cap must be in place for transport. Call MDS for
pickup.

» Gas 3: Return of gas cylinders to supplier
Most lecture bottles can be returned to their supplier or manufacturer.

1. Contact the manufacturer or vendor of the gas cylinder in question to see if it can
be returned for reuse.
Laboratory Safety Guide

158

Chemical Disposal Procedures

2. Follow the instructions given by the vendor to ship the cylinder. Call the
Safety Department if you need help.
3. If the manufacturer or vendor will not allow for return, follow procedure Gas
4 for atmospheric gases and Gas 5 for other gases.
» Gas 4: Venting of atmospheric and inert gases
Cylinders of atmospheric and inert gases that are not returnable or emptied may be
Do NOT vent nitric
disposed of by venting in a properly functioning fume hood. Gases suitable for
oxide (NO). It is
extremely toxic.
venting include: argon (Ar), carbon dioxide (CO2), helium (He), krypton (Kr),
neon (Ne), nitrogen (N2), and xenon (Xe). Nitrous oxide (N20) and oxygen (O2)
must be vented slowly. DO NOT vent nitric oxide (NO) as it is an extremely
toxic gas. Do not attempt this procedure unless you are confident that you can do it
safely. If you are uncomfortable venting the gas, dispose of cylinder following
procedure On-Site Service 3. Follow this procedure to vent your gas cylinders:
1. Call the Safety Department to verify that the gas can be vented in your lab.
2. Check your fume hood to make sure that it is functioning properly. See Chapter
4 for fume hood issues.
3. Slowly vent the cylinder in the back of the hood.
4. To verify the valve is working and to make sure the cylinder is empty, attach
tubing to the valve exit and force line air into the cylinder and observe it to
take air and release air.
5. Dispose of the empty cylinder following procedure On-Site Service 3.
6. Remember, do not label a cylinder "empty" unless you know it is empty.
»

Gas 5: Commercial disposal
Follow procedure On-Site Service 3 to arrange for removal of gas cylinders
for commercial treatment and disposal.

 Inorganic Chemicals
Look chemical up in Appendix A for specific disposal procedure.
 Solids and reusable solids in their original container can be disposed following
procedure On-Site Service 1.

Gases. See Gases in Aerosol Cans and Cylinders, above.
 For inorganic solutes in an aqueous solution, follow the procedure for Aqueous
Solutions, above.
 For a contaminant on labware, see Labware Contaminated With Chemicals,
below.
 Labware Contaminated with Chemicals
Contaminated labware includes disposable gloves, aprons, bench top coverings,
centrifuge tubes, pipettes, pipette tips, test tubes, and unwanted glassware and other
items that are contaminated with a chemical. This is a very large laboratory wastesMost contaminated
tream. Its hazard depends on the amount, toxicity and environmental fate of the
labware can be
washed for reuse.
contaminant.
Collections of chemical samples, usually in milligram amounts in small vials,
from synthesis or systematic testing should be kept together in an orderly manner
and at least group labeled if not individually. Disposal to our contractor is best
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accomplished if these items have an identity and are not in a heap, as though they
were trash.
Many of these items are typically cleaned and reused -- and this is the best way to
minimize this waste. The vast majority of waste labware that is not reused can safely
be disposed of in the normal trash or the appropriate sharps or glass disposal
container. To minimize the amount of waste contaminated labware that needs to be
disposed commercially, decontaminate grossly contaminated labware whenever
possible (see procedure Labware 3). Keep contaminated labware separate from noncontaminated labware whenever possible by using separate waste collection
containers.
The U. S. Environmental Protection Agency regulates disposal of certain toxic
chemicals under the Toxicity Characteristic Leaching Procedure or TCLP (40 CFR
261). This method simulates the ability of a compound to leach out of a landfill into
groundwater. It extracts that which is soluble in acetic acid / water solution and uses
gas chromatography or atomic absorption to detect the chemical in the leachate. How
they do the TCLP for vinyl chloride gas is an interesting question. At 5 mg/L in
water at 55 °C, the vapor pressure would be about 2.7 mmHg. So, at the low
concentration that TCLP measures (0.2 - 10 mg/L), loss to evaporation from solution
may be minimal. Some of these compounds are very insoluble in water (hexachlorobenzene is 6 µg/L) and TCLP may not see them anyway. Volatile liquids would have
to be tightly bound to absorbent to contaminate it for any time. Silica gel is one kind
of absorbent that can do this. What the elements and their myriad compounds do is
dependent on specific properties, so the TCLP certainly safe-sides risk.
The following chemicals are currently listed as having the characteristic of toxicity by the U.S. EPA:
Toxicity Characteristic Chemicals
Arsenic
Barium
Benzene
Cadmium
Carbon Tetrachloride
Chlordane
Chlorobenzene
Chloroform
Chromium
m-Cresol

Contaminated
labware is one of
the largest waste
streams at UW. Do
all you can to
reduce the volume
your laboratory
generates.

o-Cresol
p-Cresol
Cresol, total
2,4-D
1,4-Dichlorobenzene
1,2-Dichloroethane
1,1 -Dichloroethylene
2,4-Dinitrotoluene
Endrin
Heptachlor

Hexachlorobenzene
Hexachlorobutadiene
Hexachloroethane
Lead
Lindane
Mercury
Methoxychlor
Methyl Ethyl Ketone
Nitrobenzene
Pentachlorophenol

Pyridine
Selenium
Silver
Tetrachloroethylene
Toxaphene
Trichloroethylene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4,5-TP Silvex
Vinyl Chloride

Disposable material contaminated with these compounds must not be disposed of in
the normal trash. They require treatment and disposal at a permitted hazardous waste
facility. Follow procedure On-Site Service 1 to dispose of these materials.
Labware 1: Decontamination and reuse of contaminated labware
1. Wash, empty or otherwise decontaminate chemically-contaminated labware to be
reused with the appropriate detergent or solvent. An overnight soak is sufficient
in most cases. Bleach is sometimes useful, but people tend to bleach anything. It
is sometimes not even safe and often may not work. Call Safety for advice.
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2. Dispose of the wash liquid appropriately. Most wash solutions can be disposed of in
the sanitary sewer. Decant organic solvents into the proper carboy (see Organic
Solvent Collection, below).
3. Call a Safety Department chemist if you have any questions about decontaminating
reusable items.
»

Labware 2: Decontamination and disposal of contaminated labware
1. Wash, empty or otherwise decontaminate the chemically-contaminated metal,
ceramic or glass labware with the appropriate detergent or solvent. An overnight
soak is sufficient in most cases. Call Safety for advice.
2. Dispose of the wash liquid appropriately. Most wash solutions can be disposed of in
the sanitary sewer. Decant organic solvents into the proper carboy (see Organic
Solvent Collection, below).
3. Dispose of the decontaminated wet solids in the normal trash according to the
procedure for Normal Trash 2.

»

Labware 3: Chemically contaminated disposable items
Contaminated labware must be placed in a plastic bag. Liquids should be emptied into
the appropriate liquid waste container. Add absorbent material (e.g., paper towels or oil
dry) to absorb any remaining liquids in the bag. Volatile organic liquids will not
remain contained in a plastic bag for very long, they diffuse through plastic readily.
1. Toxicity characteristic chemicals. If the labware is contaminated with any
amount of the TCLP chemicals listed above, give the waste to the Safety Department following procedure On-Site Service 1. On the "Surplus Chemicals'' form
provide a reasonable estimate of the amount of chemical in the waste container.
Chemically-contaminated sharps (see Chapter 9) must be disposed in a sharps
container (Note: Safety recommends you minimize use of sharps with toxic
chemicals).
2. Normal trash chemicals. If the chemical contaminant is listed in Appendix A as
having a disposal route of normal trash, the labware can safely be disposed of in the
normal trash following procedure Normal Trash 3, below. Follow procedures in
Chapter 9 if the waste is a sharp.
3. Hazard determination. Most remaining contaminated labware can be disposed of
in the normal trash by following procedure Normal Trash 3. If decontamination of
the labware is difficult, or your labware is contaminated with an extremely toxic
chemical (i.e., Dioxin), or with gross amounts of a toxic chemical, the Safety
Department can dispose of it according to procedure On-Site Service 1. We will
evaluate the waste further.
4. Snap-top tubes. For the 1 ml "snap top" tubes used for phenol-chloroform
extraction of DNA, because of the small amount of chemical per tube, before
snapping the top shut after material has been extracted, throw the open tube into a
large beaker (or similar container) of water (e.g., 100 tubes could be put into 3 L of
water) and the contents dissolved. Strain the tubes, sewer the water and trash the
tubes. This is much better than snapping shut and saving up thousands of tubes for
occasional disposal.
5. "Solid Waste". Note that merely labeling material as "solid waste" is not helpful; it
can be obvious that it is solid and that one doesn't want it. Identification should
include the hazardous ingredient(s) and any major components (e.g., palladium
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on celite). Waste disposal ordinances refer to "solid waste", but that has nothing to
do with our concerns (see Chapter 3 for definitions of "solid waste" and "hazardous
waste").
 Liquids
 Refer to Appendix A for the proper disposal procedure for your chemical.
 For aqueous solutions, see Aqueous Solutions, above.
 For organic solvents, see Organic Solvent Collection, below.
 For strong acids or bases, see Neutralization Procedures: Strong Acids and
Bases, below.
 For reusable chemicals in their original containers, see On-Site Service 1.
 Mercury
Mercury compounds and metallic mercury are very hazardous. Mercury is
Do not dispose of
especially difficult to handle safely because it is fluid and volatile, both for how
any mercurytoxic it is and for a metal (0.0012 mm Hg). If spilled in a poorly vented room,
containing waste
mercury residue in the cracks of lab benches or floor tile may pose an exposure
in the normal
trash or sanitary
hazard for years until the mercury has evaporated. For safe use considerations,
sewer.
refer to Section 4.6.i. It may be even more critical in its effect on experimental
subjects such as plants, animals or cell cultures. The safety department has a
mercury vapor meter that can detect vapor in the vicinity of hidden drops of the
metal.
We make sure that our disposal contractor uses reclaimation of elemental
mercury and retort methods for certain mercury compounds that are heat
decomposed to elemental mercury. Avoid using mercury by substituting red
liquid thermometers and electronic devices to measure temperature and
pressure. Ask about our thermometer exchange service.
Mercury 1: Recycling of free-flowing metallic mercury from thermometers
and manometers
Help us recycle mercury from your unwanted or broken mercury thermometers,
manometers, switches, controllers etc. The Safety Department accepts metallic
mercury and unwanted, unbroken mercury-containing devices. For free-flowing
mercury from broken items follow this procedure:
1. Follow Mercury Spill Clean-up procedure in Chapter 5 to contain and collect the
mercury.
2. If dealing with a broken thermometer preserve all sections containing visible
mercury, especially the bulb. The capillary contains a small amount, about 10 100 mg of the metal.
3. Contain the mercury in a small container secure air- and liquid-tight cover.
Mercury will corrode aluminum foil by amalgamating with it.
4. Dispose of the material following procedure On-Site Service 1.
»

Mercury 2: Other mercury-containing materials such as mercury- contaminated labware, mercury salts and spill clean-up products
All materials containing mercury or its compounds must be disposed following
procedure On-Site Service 1. Call the Safety Department if you have any questions
dealing with the disposal of mercury-containing wastes.
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 Metal Containing Compounds that are Toxic
Toxic metal containing compounds include those of beryllium and heavy metals such
as arsenic, barium, cadmium, chromium, lead, mercury, osmium, selenium, thallium
and vanadium.
 Disposal procedures for mercury are given above.
 Beryllium and beryllium dust must be given to the Safety Department following
procedure On-Site Service 1.
 Solid compounds containing toxic metals can be disposed following procedure
On-Site Service 1.
 Some dilute solutions of toxic metals may be disposed of in the sanitary sewer.
See procedure Sanitary Sewer 6.
 Items contaminated with a toxic metal should be managed according to the procedures for Lab ware Contaminated With Chemicals, above.
 Neutralization Procedures: Strong Acids and Bases
It is the policy of the University Chemical Safety Committee that people who use
strong acids and bases are responsible for their neutralization and disposal. Neutralization is the most efficient and least costly way of managing waste acids and bases.
This policy shares the burden for hazardous waste management with those people
who generate the waste. Before you use acids, bases or any other chemical, your
supervisor or principal investigator must train you to safely handle and dispose of
these compounds.
This section addresses the neutralization of acids and bases listed in Appendix A.
After neutralization, the warm, dilute salty water can be disposed of in the sanitary
sewer.
Call the Safety Department for advice or if you have questions regarding neutralization procedures. We are available to demonstrate. Call us if your facilities (e.g.,
sink or fume hood) are unsatisfactory or if you have large quantities of waste acid or
base to neutralize.

Safe neutralization
requires care and
proper equipment.
 Plan your
neutralization.
 Perform all steps
SLOWLY.
 Take special care
when neutralizing
strongly oxidizing
acids, such as
nitric or
perchloric.
 Caution: Vapors
and heat are
generated.
Perform procedures in a hood,
behind a shield,
wear acidresistant hand
and clothing
protection.

Do not neutralize these acids
The following acids are very reactive or have slow solubility with water. Do not
attempt to neutralize them unless you are expert in handling and using these acids.
Dispose of these waste acids following procedure On-Site Service 1.
 Acid anhydrides and chlorides
• Chlorosulfonic
Acid

Fuming Nitric Acid
•
Fuming Sulfuric Acid

Liquid halides of boron, silicon, tin, titanium and vanadium
 Liquid halides and oxyhalides of phosphorus, selenium, chromium, vanadium and
sulfur
Facilities, Personal Protection and Equipment for Neutralization
 Carry out neutralizations in a well-ventilated fume hood. Use the sash or a safety
shield for protection against vigorous reactions.
 Wear an apron, splash-proof goggles and a full-face shield and nitrile gloves
(other glove material may not provide proper protection). Long gloves or gauntlets
protect forearms from splashes.
 A five-gallon polyethylene bucket is recommended for neutralizing 1 to 10 liters.
A large container is needed for addition of cold water lice and base, and to safely
stir the reaction.

University of Wisconsin-Madison Safety Department (608) 262-8769

Chemical Disposal Procedures

163

Laboratory Safety Guide

164

Chemical Disposal Procedures
Strengths of Concentrated Acids

Concentrated Acid
Acetic Acid (Glacial)
Formic Acid (88%)
Hydrochloric Acid (36%)
Hydrofluoric Acid (50%)
Nitric Acid (67%)
Perchloric Acid (70%)
Phosphoric Acid (85%)
Sulfuric Acid (100%)
Trichloroacetic Acid (30% Solution)

Amount to furnish
one mole of acid
protons
57.1 mL
43.6 mL

Maximum Volume per
neutralization
in 5-gallon Bucket*
3.00 L
2.40 L

83 mL
34.6 mL
67 mL
83 mL
45.6 mL
27.7 mL
535 mL

4.40 L
2.20 L
1.00 L
2.00 L,
2.40 L
0.75 L
14.00 L

*All of these except nitric and perchloric acid are scaled to sulfuric acid, giving a 43 °C rise in water temperature
when neutralized without adding ice: 10 L of diluted acid + 5 L of base + ice = full bucket.

Dilution will reduce
the hazards of a
strong acid, such as
concentrated sulfuric acid.

»

Planning For Neutralization
 Before starting the procedure, calculate quantities of acid or base needed for
neutralization. The relative strengths of commonly used acids and bases are
summarized in the adjacent tables.
 Add the maximum amount of concentrated acid or base solution listed in the
following tables to 10 L water in a 5-gallon bucket. A general rule of thumb (not
applicable to sulfuric, nitric or perchloric) is to dilute up to 30 moles of acid
protons per 10 liters of water. This should give a 40 °C rise when neutralized. Here
is a useful tip in making up sodium hydroxide solution for acid neutralization: On
dissolving sodium hydroxide pellets, flakes or grains the solution warms about ten
degrees centigrade for each "normality" of concentration, each 40g per liter. Six
normal solution will be 70 °C if starting with 10 °C water from the faucet.
 If an acid mixture concentration is not known, it can be crudely measured for
neutralization purposes. One milliliter of the acid mixture, diluted to 10 mL in a
small Erlenmeyer flask with indicator added, can be titrated with 1 normal base
(4g NaOH in 100 mL water) in a graduated pipette with a two-way pipette bulb on
top to control delivery. With these proportions, the number of mLs titrant
delivered to make the end-point is equal to the normality of the unknown acid
(i.e., Va • Na = Vb • Nb, 1•Na=Vb•1, Na =Vb).
 Try a small batch first. Measure a few milliliters of waste acid into a beaker and
gradually add a measured amount of base while testing its pH and observing its
reaction. Assess the amount of heat and fumes generated, and the amount of base
needed. Use these observations for scaling up your neutralization. Remember that,
when scaling up, the lower ratio of surface area to volume may make heat
dissipation a problem. Ice, going slow and stirring all help.
Neutralize Acid 1: Sulfuric acid - significant heat of dilution
1. Follow Facilities, Personal Protection and Equipment for Neutralization and
Planning For Neutralizations, above.
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Strengths of Bases Used for Neutralizations
Amount to furnish
one mole of base
hydroxide

Base
Ammonium Hydroxide
(15 Molar)

67 mL

Notes

Must be used in a fume hood.

Calcium Hydroxide

37 grams

Add as a powder to neutralize acids (dust tends to fly).

Magnesium Hydroxide

29 grams

Add as a powder to neutralize acids (dust tends to fly).

Potassium Hydroxide

56 grams

Dissolve 336 grams KOH per Titer of water to make
6 N solution (temp rise is 82 °C).

Sodium Bicarbonate

84 grams

This is best used as a spill neutralizer.

Sodium Carbonate

53 grams

This is O.K. used as a spill neutralizer.

Sodium Hydroxide

40 grams

Dissolve 240 grams NaOH per liter of water to make
6 N solution (temp rise is 65 °C).

2.
3.
4.
5.

Pour amount of acid specified above slowly into water to make 3 N or less.
Neutralize by adding 6 N sodium hydroxide solution, stirring continually.
As heat builds up, add ice to dilute and cool solution.
Monitor pH change with a suitable indicator or check periodically with pH paper
(e.g., to go from pH 2 to pH 12 takes only 30 ml of 6 N NaOH in 15 L of
solution).
6. When pH > 2 is reached, the solution may be washed down the sanitary sewer
with tap water rinse to clear the drain trap.
»

Neutralize Acid 2: Concentrated acids such as formic, hydrochloric, acetic,
and phosphoric acid
1. Follow Facilities, Personal Protection and Equipment for Neutralization and
Planning For Neutralizations, above.
2.
Pour amount of acid specified above slowly into water.
3. Stir in 6 M sodium or potassium hydroxide solution (or other suitable base) while
monitoring the pH change with Universal indicator or check periodically with pH
paper.
4. Once a pH of > 2 is reached, the solution can be washed down the sanitary sewer
using a large amount of tap water to clear the traps. For acetic and phosphoric
acids, the pH change is more gradual with base addition.

»

Neutralize Acid 3: Hydrofluoric acid solution
1. Follow Facilities, Personal Protection and Equipment for Neutralization and
Planning For Neutralizations, above.
2.
Carefully pour amount of acid specified above into water.
3.
Stir in base solution as per Neutralize Acid 2, above.
4.
Monitor pH changes with pH paper or a suitable indicator.
5. When a pH of > 2 is reached, the solution can be washed down the sanitary sewer
with tap water rinse following.

Caution: Hydrofluoric acid is
extremely dangerous on contact:
prevent contact with
eyes or skin. Avoid
inhalation of vapor,
too.
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With magnesium or calcium hydroxide, a precipitate of magnesium or calcium
fluoride will appear. This precipitate may be disposed of in the sanitary sewer with
the rest of the solution.
»

Neutralize Acid 4: Oxidizing acids, especially nitric acid
1. Follow Facilities, Personal Protection and Equipment for Neutralization and
Planning For Neutralizations, above.
2.Carefully pour amount of acid specified above into water.
3. Neutralize with a suitable base, even ammonium hydroxide will be O.K. If you
use potassium hydroxide, a white precipitate of potassium perchlorate will form
when neutralizing perchloric acid. This precipitate may be disposed of in the
sanitary sewer with the rest of the solution, but make sure to clean the sink trap.
4. Monitor pH with pH paper or other suitable indicator. Note that more concentrated nitric acid will tend to bleach the indicator.
5. When a pH > 2 is reached, wash solution down the sanitary sewer making sure to
clear the sink traps by running tap water into them. Also, remember that strong
acids will have a rapid pH change between 2 and 12.

Example Calculation
You just moved into the lab and found the following under the hood:
300 mL of ammonium hydroxide
1.5 L of hydrochloric acid
250 mL of sulfuric acid
400 mL 20% trichloroacetic acid solution
Not knowing the purity, you decide that these items must go. How many grams of
sodium hydroxide will you need to neutralize all of these items?
Step One: Calculate how many moles of acid protons you have.
hydrochloric acid: 1500 mL ÷ 83.0 mL/mole =
18 moles
sulfuric acid: 250 mL ÷ 27.2 mL/mole =
9 moles
trichloroacetic acid: 400 rnL ÷ 871 mL/mole =
0.5 moles
28 moles acid
Step Two: Calculate how many moles of base you have:
ammonium hydroxide: 300 mL 4- 67 mL/mole = 5 moles base
Step Three: Subtract moles of base from moles of acid:
28 moles acid - 5 moles base = 23 moles base needed
Step Four: Calculate the grams of sodium hydroxide you would need to complete
the neutralization:
23 moles base x 40 g/mole NaOH = 920 grams NaOH
You need 920 grams sodium hydroxide to complete the neutralization.

»
Some hydroiodic
acid solutions are
oxidized to iodine,
you can use this
procedure to deal
with these.

Neutralize Acid 5: 57% Hydroiodic acid
1. Follow Facilities, Personal Protection and Equipment for Neutralization
and Planning For Neutralizations, above.
2. Dilute the dark orange/brown solution by a factor of 2 or more.
3. Rinse bottle with water and add rinsate to rest of solution to be neutralized.
4. If crystallized iodine remains in the bottle, dispose following procedure OnSite Service 1.
5. Add 6 M sodium hydroxide or other suitable base.
6. Add sodium sulfite or thiosulfate to clear the interfering color.
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7. When a pH > 2 is reached, solution can be washed down the sanitary sewer with
water following to clear traps.
Neutralize Acid 6: Chromic acid cleaning solutions (can be concentrated
sulfuric acid with chromate between 1 and 10%)
1. Follow Facilities, Personal Protection and Equipment for Neutralization and
Planning For Neutralizations, above. Limit this procedure to 20 L daily per
principal investigator.
2. Pour the acid (approximately 0.75 liters) into 10 L water, same as for sulfuric
acid.
3. Slowly pour 6 M sodium hydroxide into the solution, stirring continually.
4. Monitor pH change with pH paper if chromium color is too strong for the universal
indicator.
5. When pH 2 is achieved reduce the orange Cr(VI) to green Cr(III) by addition of
saturated sodium sulfite solution. Do this in a hood because sulfur dioxide is
produced.
6.
Add more base until this is a cloudy suspension.
7. Once a homogenous blue color is achieved the solution and precipitate can be
washed down the sanitary sewer with water rinse following to clear the trap. See
Sanitary Sewer 6 for more details.
Sodium sulfite only works with chromate at acidic pH. Hydrosulfite (dithiosulfite)
works at neutral pH. Adding sulfite to an acid solution will cause sulfur dioxide to be
evolved, so use a hood.

Always add
concentrated acid
or base to water as
recommended in
the tables to dilute
them prior to
neutralization.

»

It is prudent not to
use nitric or
perchloric acids on
amine bases.

Neutralize Base 1: General base neutralization such as solutions of potassium and sodium hydroxides and alcoholic sodium or potassium hydroxide
cleaning solutions
1. Follow Facilities, Personal Protection and Equipment for Neutralization and
Planning For Neutralizations, above.
2. Note that effervescence on addition of acid is common with older base solutions
due to carbon dioxide absorption.
3. Add up to 2 L hydroxide solution to 10 liters water.
4. Slowly add 6 N hydrochloric or other suitable acid, but not concentrated sulfuric
acid.
5. Monitor pH changes with pH paper or phenol phthalene. Note: Universal indicators
can air oxidize rapidly in basic solutions giving a false color change.
6. When pH < 10 is reached, solution can be washed down sanitary sewer with a
water rinse to clear the trap.
Neutralize Base 2: Amine solutions such as ammonium hydroxide, methyl
amine, dimethyl amine, ethyl amine, and trimethyl amine
1. Follow Facilities, Personal Protection and Equipment for Neutralization
and Planning For Neutralizations, above.
2. Add up to 1.5 liters amine with 10 liters water.
3. Slowly add 6 N hydrochloric or other suitable acid, but not concentrated sulfuric
acid. Concentrated hydrochloric acid will produce clouds of salt smoke, this is not
harmful, but may cause concern.
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4. Monitor pH changes with universal indicator, it will work with amines.

5. When pH <7 is reached (with amines, a pH of 9 can really stink!), solution can be
washed down sanitary sewer with tap water rinse to clear the trap.
»


Precautions For
Normal Trash
Disposal:
Do not discard any
chemical in normal
trash unless Appendix
A specifically lists
that as a method of
disposal.

Neutralize Base 3: Volatile low molecular weight amines such as allyl amine,
butyl amine, diethyl amine, ethylenediarnine, morpholine, pyrrolidine and
tetramethylethylenediamine
1. Follow Facilities, Personal Protection and Equipment for Neutralization and
Planning For Neutralizations, above.
2. Add up to 1.5 liters amine with 10 liters water.
3. Slowly add 6 N hydrochloric or other suitable acid (i.e., acetic acid is great for
amines, but not concentrated sulfuric acid).
4. Monitor pH changes with universal indicator.
5. When pH <7 is reached (for these amines, a pH of 9 really stinks!), solution can be
washed down sanitary sewer with tap water rinse to clear trap.
Normal Trash Procedures
Although certain laboratory wastes can safely be disposed of in the normal trash,
great care must be taken to protect custodians, handlers and the environment. This
section describes the necessary precautions for disposing of laboratory chemical
waste in the normal trash.
Safe and Legal Use of the Normal Trash
Where does it go? When you dispose of any waste in a normal trash wastebasket on
the UW-Madison campus, your laboratory waste is first brought to the normal trash
dumpster (not for recycling) outside of your building. When the dumpster is emptied,
the trash is mixed with other campus trash, refuse and garbage, and transported to a
local sanitary landfill for solid waste. UW-Madison alone disposes of about 55 tons
of solid waste every day. At the landfill, the University's waste is mixed with waste
from area households and businesses.
What happens to it? Modern solid waste landfills are designed to prevent
precipitation from entering them, and are managed to prevent liquids and hazardous
waste from being disposed of there. If leachate (liquids that leach through the waste) is
generated, it is collected to prevent it from reaching groundwater.
What is the law? You may not dispose of any regulated hazardous waste in the
normal trash. Chemical hazardous waste is defined in Appendix H, EPA's Hazardous
Waste Law. Hazardous waste includes chemicals that are:
 ignitable or oxidizers
 corrosive
 reactive, potentially explosive, or able to generate cyanide or sulfide gas
 contain a Toxic Characteristic Chemical (see Labware Contaminated with
Chemicals, above)
 listed as an Acute Hazardous Waste or a Toxic Waste (see Appendix H)
Unless this Guide specifically instructs you to dispose of a waste or chemical in the
normal trash, do not dispose of any laboratory chemical or chemically- contaminated material in the normal trash.
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Think of Others. Only certain wastes (specified in this Guide) may be disposed of
in the normal trash. To prevent risks to those who empty wastebaskets, you may not
dispose of any uncontained chemical in the normal trash. To keep things neat, any
liquids and wet wastes need to be absorbed or securely bagged.
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Prudent and safe use of the Normal Trash. Accounting for these concerns and
restrictions, a wide variety of laboratory waste can be safely disposed of in the normal
trash. Appendix A of this Guide lists those chemicals that are appropriate for the normal
trash, and this Chapter describes the procedures you should use. Normal trash is not
without hazard: staples (that can cut) and carbon black (a known human carcinogen) is
a common constituent of normal trash. Prudent use of the normal trash balances the
suitability of the sanitary landfill with the capabilities of other waste disposal routes.
Call if you have questions. If you have a waste not covered in this guide or if you
have questions about normal trash restrictions, call Safety.

Absolutely no free
liquids are allowed
in dumpsters or in
the landfill.

»

If you have more
than 5 pounds
(2.3 kilograms) of
any one chemical
for the normal
trash, call the
Safety Department
for further
evaluation.

Normal Trash 1: Nonhazardous solid chemicals
Use this procedure for nonhazardous solid chemicals that are listed as Normal
Trash 1 in Appendix A, such as talc, silica, sulfur and carbon. Do not dispose of
liquids or solutions in the normal trash.
 Normal trash is handled roughly. To prevent exposing handlers to powders, all
waste solids should be contained in a tightly closed bag, box or bottle that is
packed inside a second box or bag (i.e., an overpack). A box overpack is
preferred, especially to prevent breakage if glass is used as an inside container.
Mark the overpack with the waste's identity so that handlers can be assured that
the waste is safe for the normal trash.
 To further minimize the chance of breakage from handling, place more than one
kilogram of a nonhazardous chemical for the normal trash directly in your building's dumpster.
Be careful about putting containers that have a "chemical" label or those if put in a lab
waste basket may be viewed as misplaced by the custodians and brought to someone's
attention. Persons who are unaware of the potential hazards of chemicals are often
over cautious.

»

Overpack all chemicals for the normal
trash.

Normal Trash 2: Nonhazardous waste that is wet
This procedure is for nonhazardous waste listed as Normal Trash 2 in Appendix A
and for other wastes that refer to Normal Trash 2 (e.g., gels, precipitates, semisolids,
etc.). It can also be used for wet, emptied vials.
 Any waste contaminated with a Toxic Characteristic Chemical must be given to
the Safety Department following procedure On-Site Service 1. See Labware
Contaminated with Chemicals for a list of Toxic Characteristic chemicals.
 Minimize liquids in the waste by emptying vials, decanting any excess liquids,
filtering the waste or allowing the aqueous waste to evaporate in a fume hood.
Dispose of liquids in the sanitary sewer or in a organic solvent collection carboy, as
appropriate. Absorb any remaining liquids by adding absorbent (e.g., oil dry or
absorbent paper) to the waste or in the container.
 Normal trash is roughly handled. To keep the waste contained in the package, all
waste for the normal trash should be in a tightly closed bag, box or bottle that is
packed inside a second box or bag (i.e., an overpack). A box overpack is preferred,
especially to prevent breakage if glass is used as an inside container. Mark the
overpack with the waste's identity so that handlers can be assured that the waste is
safe for the normal trash.
 To further minimize the chance of breakage from handling, place nonhazardous
waste that is heavier than one kilogram directly in your building's dumpster.
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Do not place any of these wastes in organic solvent collection carboys; carboys are
only for the liquid wastes specified in the procedures for Organic Solvent Collection.
»

Normal Trash 3: Labware contaminated with chemicals
Use this procedure for chemically-contaminated labware that can be safely disposed of
in the normal trash, as referenced in Labware 3. See Labware Contaminated with
Chemicals for more information.
 Any waste contaminated with a Toxicity Characteristic chemical must be given to
the Safety Department following procedure On-Site Service 1. See Labware
Contaminated with Chemicals for a list of Toxicity Characteristic chemicals.
 Sharps and glass must be disposed of according to the procedures given in
Chapter 9, Sharps Disposal.
 Minimize liquids in the waste by emptying vials, decanting any excess liquids,
filtering the waste or allowing the aqueous waste to evaporate in a fume hood.
Dispose of the liquids in the sanitary sewer or in an organic solvent collection
carboy, as appropriate. Absorb any remaining liquids by adding absorbent (e.g.,
oil dry or absorbent paper).
 Normal trash is roughly handled. Keep waste contained by puting all waste for the
normal trash should in a tightly closed bag or box that is packed inside a second
box or bag (i.e., an overpack). An overpack is preferred, especially if the waste
contains breakable items. Mark the overpack with the wastes identity so that
handlers can be assured that the waste is safe for the normal trash.
 To further minimize the chance of breakage, place more than one kilogram of
waste directly in your building's dumpster.

»

Normal Trash 4: Disposal of empty containers
Insure containers are cleaned especially if using carcinogens or mutagens. To
dispose of an empty container that had contained a liquid or solid chemical:
 Remove all remaining chemical from the container by normal means (e.g.,
pouring, draining, aspirating, etc.)
 Rinse the container until discernibly empty (i.e., at least 3 times) using a small
amount of water or an alcohol or acetone rinse, which can be disposed of in the
sanitary sewer. Water is preferred for rinsing, even if the chemical is only slightly
soluble; try running warm water in the container while it is in a sink. If an organic
solvent that is not miscible with water is used, dispose of the rinsate in an organic
collection carboy (see Organic Solvent Collection).
 Dispose of the container in the normal trash, a glass collection container or a
sharps container, as directed in Chapter 9: Sharps Disposal.

Dispose of empty gas cylinder by following procedure On-Site
Service 3.

 Oils
We try to recycle petroleum-based oils used for lubrication of engines and
machinery. This includes centrifuges, diffusion pumps and vacuum pumps used in
Keep used oil
laboratories. Do not allow cleaning solvents or other materials to be combined with
separate from
used oils. Uncontaminated instrument and machine oils such as centrifuge, diffusion
solvents and other
pump and vacuum pump oils can be disposed of by the following procedure:
wastes.
1. Refer to Appendix A or call a Safety Department chemist to see if your waste oil
is suitable for recycling.
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2. Package each type of oil separately in containers of one gallon or less and label
contents. Do not place in carboys for solvent collection or mix with other
chemicals.
3.Refer to procedure On-Site Service 1 for disposal procedure.
4. If the oil may contain polychlorinated biphenyls (PCBs) refer to method PCB 1.
 On-Site Hazardous Materials Management (OSHMM)
See the end of this part for the procedures detailing On-Site Hazardous Materials
Management.
 Organic Chemicals
 Refer to Appendix A for the proper disposal procedure for your chemical.
 For solids and reusable solids in their original containers, see On-Site Service 1,
below.
 For organic solvents, see Organic Solvent Collection, below.
 For gases, see Gases in Aerosol Cans and Cylinders, above.
 For a solute in aqueous solutions, refer to Appendix A for the proper disposal
procedure for that chemical.
 For a contaminant on disposable labware, see Labware 3.
 Organic Solvent Collection
Five gallon (20 Liter) polypropylene plastic carboys (jugs) are used on campus for
collection of waste organic solvents, their solutes and some aqueous solutions of
toxic organic chemicals. If you need a carboy for your waste organic solvents, call
the Safety Department for delivery to your room.
It is important to use the appropriate carboy for your waste solvents. Review
Appendix A to determine the specific procedure for the solvent in question. If the
material is not listed, contact a Safety Department chemist for the proper disposal
procedure. We distribute two types of carboys for collecting waste solvents:
 Organic Solvent / White Carboy
White, square carboys are used for collection of waste solvents suitable for fuel
blending. These include non-halogenated flammable solvents such as acetonitrile,
Call Safety for
ethyl acetate, hexane, methyl alcohol and toluene. Low halogen content solvents
carboys to be used
(e.g., chlorobutane, chlorobenzene) can be included. Amines should be excluded
for solvent disposal.
from this collection. Follow the Guidelines For Using Carboys, below.
 Organic Solvent / Yellow Carboy
Yellow, square carboys are used for the collection of solvent wastes that must be
incinerated specifically for destruction at 99.99% level (i.e., to carbon dioxide, water
and hydrogen chloride) with scrubbing for hydrogen chloride. These include
halogenated solvents such as chloroform, dichloromethane (methylene chloride), Freon
113 (trichlorotrifluoroethane) and trichloroethylene. Follow the Guidelines For Using
Carboys, below.
 Guidelines For Using Carboys
The following guidelines further discuss the wastes that should not be put in carboys,
obtaining and storing carboys, adding waste solvents to carboys, required record
keeping and removing carboys for disposal.
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Wastes That Should Not Be Put In Carboys
 Smaller solvent bottles are best disposed following procedure On-Site Service I.
 Do not place any centrifuge tubes, glassware, gloves, ion exchange resins, paint
sludge, pipette tips, solids, syringe needles (see Chapter 9 for Sharps Disposal) or
viscous solutions (such as polymers) into the carboys. They will damage our
liquid transfer system.
 To prevent problems with waste compatibility and handling, and to ensure safe
disposal, follow the guidelines in this chapter for each chemical and do not put
the following chemicals in carboys:
acetaldehyde
acetic anhydride
acid chlorides
alkynes
amines with f.w. < 101 g/rnole
aqueous solutions of heavy (toxic)
metals
bromine
carbon disulfide
chloroformate esters
chloromethylsilanes
ehloropicrin
collodion
cyanohydrins
dienes
formic acid
furan
haloalkynes
α-halocarbonyls
halogeneated organic acids
hydrazines
isocyanates
isocyanides
metal halides and oxyhalides
mercaptans
mercury / mercury compounds
metal halides and oxyhalides
mineral acids

nitrate esters
nitrite esters
nitrosamines
nitrosourethanes
non-metal halides and oxyhalides
organic peroxides
organic solids in concentrated solution
organo metallic liquids or solutions
paint
perfluroaliphatic acids
phosphines
phosphate esters
phosphite esters
polychlorinated biphenyls (PCBs)
polymerizabIe monomers
polymer solutions
pyrocarbonate esters
reactives in solution such as:
alkaline metal alkyls
aluminum alkyls and hydrides
boron alkyls and hydrides
sulfate esters
sulfite esters
sulfonic acids
sulfonate esters
t-butyl hypochlorite
thallium ethoxide
thiocarbonyls

Obtaining and Storing Carboys
 To obtain a waste solvent collection carboy, call the Safety Department. We
will schedule a delivery to your room. Alternatively, some department
stockrooms stock empty carboys.
 Carboys of flammable solvents present a fire hazard, so minimize the number
of carboys and volume of flammable solvents in your laboratory.
 When not in use, partially full carboys should be stored in a flammable solvent
cabinet.
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Adding Waste Solvents To Carboys
 Organic solvents are toxic, so wear goggles, gloves and a lab coat when
handling carboys or when adding solvents to carboys.
 When in use, keep the carboy in a well-ventilated area.
 Keep the carboy securely capped at all times, except when adding waste to the
carboy. There are several good reasons that carboys must be capped at all times:
 volatile solvents are toxic and evaporation into your room threatens
your health;
 if an open carboy is accidentally tipped over, the solvent spill risks a fire
and the health of you and your colleagues;
 evaporation of organic solvents causes air pollution and is an illegal
disposal method
 A funnel may help prevent spills, but never leave a funnel in a carboy when
you are not adding waste.
 For either of the carboys (i.e., yellow or white), do not fill the carboy above the
5-gallon graduation mark on the side. This will allow sufficient room for
expansion and will help to prevent leaks.
 If you put a solvent into the wrong type of carboy, it happens, just be sure to
list all of the chemicals in the carboy on the form and note the error as well.
 Adding more than a liter of an aliphatic amine (i.e., triethylamine,
diethylamine, butylamine, etc.) to either carboy may result in a reaction that
produces enough heat to pressurize the contents and in some cases, melt the
carboy. One unfortunate example of carboy melting resulted when
pyrrolidine was added to a mixture that contained 1,2-dichloroethane.
Pyrrolidine being less dense, layered over the denser, halogenated mixture
with a boundary of contact that concentrated the reaction (i.e., forms 2chloroethylpyrrolidinum chloride) heat to melt the plastic. Secondary amines
react with ketones, aldehydes and esters and can get too warm as a result.
Required Record Keeping
 To dispose of waste properly, we must know its contents. In addition, the U.S.
Environmental Protection Agency requires that you identify the contents of all
waste solvent carboys using the green "Waste Analysis For Carboys" form.
 To obtain carboys and green "Waste Analysis for Carboys" forms call the
Safety Dept. (2-8769). Well mail them to you. Even easier, simply connect to
our web site, http://www.fpm.wisc.edu/safety and go to Chemical Safety to find
"download forms." Some department offices and stockrooms also have
disposal forms.
 It is important to keep an accurate inventory of the solvents placed in the
carboy. We recommend that labs assign one person to oversee the handling of
waste solvents or give large-volume users a carboy for their sole use.
 We recommend that you record all additions to your carboy. You can write these
on the carboy tag, a clipboard attached to the carboy handle or a log posted
nearby. When the carboy is full, summarize the information on the green "Waste
Analysis for Carboys" form.
 Minimize errors in tracking the contents by replacing carboys every six
months, even if they are only partially full.
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Waste Analysis for Carboys

Flammable Liquid Tag
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Removing Carboys For Disposal
 When the carboy is full, immediately call the Safety Department for removal
as specified in procedure On-Site Service 2.

Replacement / additional carboys can be requested when you request a pick
up.


Osmium Tetroxide
Osmium tetroxide solutions can be converted to a less volatile (safer) form in a
variety of ways, all of them involving the reduction of tetroxide to a nonvolatile
dioxide or the cyclic osmium (VI) ester. (Based on the discussion of cyclic osmium
(VI) esters in Reagents for Organic Synthesis, L.F. Fieser and M. Fieser, John Wiley
and Sons, 1967-1982.)
 Add sodium sulfite solution (prepare fresh as it slowly oxidizes to sulfate on
prolonged storage) to a solution containing osmium tetroxide. A black or purple
turbidity will indicate the reduction of the tetroxide to dioxide.
 Alternatively, add corn oil to the solution and shake. This method takes advantage of the double bonds of the unsaturated oil to form a cyclic osmic ester. The
reaction may be slow as corn oil is not really mixable with water, but its easy and
it works. The solution will become dark and a suspension will form; this is its
own indication of efficiency.



Polychlorinated Biphenyls (PCBs)
PCB-containing materials at concentrations over 50 ppm are regulated by the U. S.
Environmental Protection Agency under the Toxic Substances Control Act (TSCA).
The following guidelines should be followed to properly dispose of PCBs:

»

PCB 1: Liquids containing PCBs
These include PCBs mixed with organic solvents, PCB solutions mixed with
polymers, stock solutions, concentrated PCBs and rinsate from equipment
1. Store in a glass container, preferably 1 gallon or less, with a good cap that does
not leak. Do not place PCB materials in solvent carboys.
2. Clearly label that the contents are PCBs. Pre-printed stickers are available from
the Safety Department.
3. Keep track of all solvents and approximate PCB concentrations in the container,
(e.g., 100 mL 100 ppm Aroclor 1254 in hexane).
4. When the container is 3/4 full, arrange for disposal following procedure On-Site
Service 1.

»

PCB 2: PCB contaminated equipment such as gloves and labware
1. Keep contaminated materials separated from liquid PCBs.
2. Place the contaminated materials in a heavy plastic bag and seal. Place the bag
inside another bag (double bag), seal with tape and place inside a box.
3. Identify PCB concentration of contaminant on the white form.
4. Arrange for disposal following procedure On-Site Service 1.

»

PCB 3: Electrical equipment containing PCB (or suspected PCB) oil such
as fluid-filled capacitors, transformers and voltage regulators
1. Fluid-filled electrical equipment over 9 pounds may contain significant amounts
of PCB oil. Suspect electrical items should be stored in plastic trays containing
an absorbent to contain and absorb any spills or leaks.

Notify the Safety
Department if you
have PCB- containing material to
dispose.
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2. Electrical items containing PCB oil must be carefully handled and stored in
leakproof, fireproof containment areas. Oil leaking from these items will cause
serious contamination necessitating enormous cleanup costs.
3. Disposal of PCB electrical equipment is strictly regulated by the U.S. EPA. The
University of Wisconsin Safety Department provides sampling and analysis for
PCBs and disposal of oil-filled electrical items. Please call for further assistance
or information.


Never put chemicals into storm
sewers.
Most drains outside
of buildings are
storm sewers that
empty directly into
the lake without
treatment.

Sanitary Sewer Procedures
Many chemicals (see Appendix A) can be safely disposed of in the sanitary sewer
when flushed down a sink drain with enough water to dissolve them completely.
Safe and Legal Use of the Sanitary Sewer
Where does it go? When you dispose of any material or wastewater in a laboratory
sink on the UW-Madison campus, your laboratory effluent is mixed with other
sanitary sewage, water that the UW has used for heating and cooling, and other
wastewater and enters the sewage collection system of the Madison Metropolitan
Sewerage District (MMSD). LIW-Madison alone discharges about 2.7 million gallons
of water to the MMSD every day. In the collection system, the University's
wastewater is mixed with sewage and wastewater from area households and
businesses. The sewage and wastewater is conveyed to the MMSD treatment plant on
Madison's south side, which treats 38 million gallons of sewage every day.
What happens to it? Solutes that are in waste water are subject to physical
degradation in the sewage system. For example, a small quantity of most organophosphate pesticides is quickly hydrolyzed in the sewer. At the treatment plant, the
waste is subjected to bacterial degradation. During aeration, volatile organics can be
released into the air in minute amounts. Most organic compounds and salts, such as
sodium nitrate (an oxidizer) disposed of in the sanitary sewer will be used as a bacterial nutrient. There is also a tremendous degree of dilution that occurs in the system,
which facilitates both of these processes.
Non-degradable chemicals, such as metals, are adsorbed on the sludge or eventually
discharged to surface waters. In most cases, the concentration of chemical
contaminants are so low that the sewage sludge (which is rich in nutrients) can be
disposed of by application to farm land as MMSD's ''Metrogro.". Land application of
treated solids and disposal of treated water to surface waters are regulated by the U.S.
Environmental Protection Agency and Wisconsin Department of Natural Resources,
which is the basis for the MMSD Sewer Use Ordinances, on which this Guide is
based.
Madison drinking water is derived from groundwater, so there is no association
between sewage treatment plant effluent and our drinking water. Downstream, St.
Louis takes its drinking water from the Mississippi River. Dilution from the UW's
laboratories to St. Louis can be estimated with the following numbers. The UW
workday outfall rate is about 9 cubic feet per second. This feeds into a MMSD batch of
1.3 million cubic feet that takes 6 hours to process and dump, at 62 cubic feet per
second. This enters the Rock River above Janesville with a flow of about 10,000 cubic
feet per second. This river grows as it takes on other rivers and enters the Mississippi at
the "Quad Cities", above St. Louis. The Mississippi is about one million cubic feet per
second. Without absorption, biodegradation or volatilization
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along the way, 100 grams from a lab sink becomes 2.7 ppb in a MMSD batch, 17 ppt
in the Rock River and 0.17 ppt in the Mississippi.
What is the law? Only certain liquids and wastes (specified in this Guide) may be
disposed of in your laboratory sink. To prevent damage to the plumbing, you may not
dispose of any undiluted corrosive chemicals in your sink; corrosives must first be
neutralized.
Disposal into the sanitary sewer is regulated by MMSD. To prevent explosions in
the sewer system, you may not dispose of any undiluted or non-miscible flammable
liquid in a laboratory sink. Polychlorinated biphenyls must not be disposed of in the
sanitary sewer. Because they do not degrade, sewer disposal of toxic metals such as
chromium or lead is limited to small amounts of very dilute solutions.
Prudent and safe use of the sanitary sewer. Accounting for these concerns and
restrictions, the sanitary sewerage system is capable of safely handling and treating a
wide variety of laboratory waste. Appendix A of this Guide lists those chemicals that
are appropriate for the sanitary sewer and this Chapter describes the proper procedures
you should use. This guidance has been approved of by the MMSD. The University
Safety Department is in regular communication with the staff of the MMSD to ensure
the University's compliance with their ordinances. Prudent use of the sanitary sewer
balances the vast treatment capabilities of the sewage treatment works with the
capabilities of other waste disposal routes.
Call us if you have questions. Please call the Safety Department if you have a
waste not covered in this guide, or if you have questions about MMSD restrictions.

Always use plenty
of water when
disposing of chemicals in the sanitary
sewer.

Guidelines For Sanitary Sewer Disposal
Discharge compounds to the sewer only if: (1) you are certain of its identity and (2)
Appendix A lists the disposal procedure as Sanitary Sewer or (3) you have received
permission from a Safety Department chemist. Some chemicals that may be disposed
of in the sanitary sewer are toxic to humans. Follow these steps when discharging
compounds to the sanitary sewer.
1. Don't dispose of chemicals in the sanitary sewer unless you are confident that
your laboratory's sewer can handle large volumes of water and chemicals. Most
laboratory sinks can be used for sanitary sewer disposal, but avoid those sinks
with a history of plugging problems.
2. Refer to Appendix A for the specific procedure for your material. Remember that
concentrated acids and bases must first be neutralized.
3. For each chemical or solute, each procedure has a daily limit in grams, liters or
concentration per P1 or supervisor. Be sure to coordinate your sewer disposal
activities with others in your group to stay within the per principal investigator or
laboratory supervisor limit. If you approach this limit, you may call the Safety
Department for further evaluation or dispose of the waste according to procedure
On-Site Service 1.
4. Wear a lab coat, safety glasses or goggles, gloves, and avoid other potential
contact.
5. Use a hood sink where available. For procedure Sanitary Sewer 3 use of hood is
mandatory.
6. Rinse out the sink to remove any residual debris and to clear the trap.
7. Dispose of a small amount of the material first, noting reactivity and solubility.
To increase solubility try warm water. Do not flush materials that are insoluble.
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Some chemicals (e.g., sulfates and phosphates) that are ultimately very soluble,
can be slow to dissolve.
8. Dispose of small quantities at a time if possible. Limit discharges to limits set in
individual procedures. If you have more than the allowable amount to dispose of,
follow procedure On-Site Service 1 for disposal.
9. Some of the permissible-to-sewer salts are oxidizing and may react with organic
compounds and some reducing inorganics like iodide salts, sulfites, stannous
salts, thiosulfates or thiocyanates. Strong oxidizers include chlorate, bromate,
periodate and peroxydisulfate. It's best to avoid mixing things that are being
dissolved. Even calcium salts with carbonates or phosphates can become a
precipitation mess.
10. After, flush chemicals with large quantities of water (10-20 times the amount).
»

All material deposited in a sanitary
sewer is treated
prior to release
back into the
environment.

Sanitary Sewer 1: Readily soluble solids, solutions and nonvolatile liquids
Soluble organic salts, sugars, amino acids, nucleotides, nucleosides, vitamins, acids,
amines, surfactants and the many metabolic intermediates can all be disposed of in
the sanitary sewer. In addition, soluble salt combinations of these ions can be
discharged to the sanitary sewer system:

Aluminum
Ammonium
Bismuth
Calcium
Cerium
Cesium
Cobalt
Iron

Cations
Lithium
Magnesium
Manganese
Potassium
Rubidium
Sodium
Strontium
Tin

Acetate
Bicarbonate
Bisulfite
Borate
Bromate
Bromide
Carbonate
Chlorate
Chloride
Cyanate
Fluoride
Iodate
Iodide
Nitrate

Anions
Nitrite
Perchlorate
Periodate
Permanganate
Phosphate
Silicate
Stannate
Sulfate
Sulfite
Thiocyanate
Thiosulfate
Titanate
Tungstate
Vanadate

1. Follow Guidelines For Sanitary Sewer Disposal, above. For each chemical or
solute, limit discharges to 1000 grams per day per principal investigator.
2. Look at the label to see if it is an anhydrous aluminum or magnesium chloride or
bromide (see Sanitary Sewer 3).
3. Slowly pour into stream of running water down drain.
4.Dispose of the rinsed, empty bottle following Normal Trash 4.
»

Sanitary Sewer 2: Slowly soluble solids
This procedure is optional; you may not have the time or facilities, in which case,
dispose of the material following procedure On-Site Service 1.
1. Follow Guidelines For Sanitary Sewer Disposal, above. The slower rate of
solution of some of these will be what limits the amount of discharge per day.
2. a. Dissolve as much as possible in a bucket of water, decant and try to dissolve
the remainder.
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2.

b. Alternatively, with water running through a colander or strainer, pour in a little
of the solid (powder, crystals, etc.) at a time. Use a hood and go slowly with
light, fluffy powders that tend to be airborne. Allow a stream of water to run over
any undissolved material in the strainer.
3. Dispose of the rinsed, empty bottle following Normal Trash 4.
Always use plenty
of water when
disposing of chemicals in the sanitary
sewer.

Check Appendix A
to be sure you can
use this procedure.

Sanitary Sewer 3: Water reactive but suitable if dissolved
1. Follow Guidelines For Sanitary Sewer Disposal, above.
2. Always sewer these materials in a hood sink. If a hood sink is not available,
dispose of the material following procedure On-Site Service 1.
3. Pour slowly into a stream of water running across the sink to the drain.
Anhydrous halogen salts of Mg, Al, Ca or Fe (most notably aluminum chloride)
may hiss and generate heat as they dissolve in water. Dropping the whole bottle
into water, accidentally or otherwise, may be hazardous.
4. Dispose of the rinsed, empty bottle following Normal Trash 4.
»

Sanitary Sewer 4: Pretreatment prior to sewer disposal
This Guide describes chemical treatment procedures for acrylamide, cyanide
solutions, ethidium bromide, and strong acids and bases. There exists many other
simple chemical treatment procedures that can be performed in the laboratory to make
the chemicals suitable for discharge to the sanitary sewer. If you generate small
amounts of waste that can be readily detoxified, neutralized, oxidized, precipitated or
reduced by laboratory methods, call the Safety Department for guidance.
For all chemical treatment procedures, follow Guidelines For Sanitary Sewer
Disposal.

»

Sanitary Sewer 5: Malodorous but suitable for sewer disposal
This procedure is suitable for aqueous solutions of acetaldehyde, formaldehyde,
glutaraldehyde, mercaptoethanol, low molecular weight amines, and sulfide solutions.
In general, this procedure is for neat liquids as well as solutions addressed in Sanitary
Sewer 8.
1. Follow Guidelines For Sanitary Sewer Disposal, above. For each chemical,
limit daily discharges to 1000 grams per principal investigator.
2. The sink should be in a hood that is performing well. Pour directly into drain
with water running. Don't allow the solution to spread in sink. Flush with large
volumes of water afterwards.
3. Dispose of the rinsed, empty bottle following Normal Trash 4.

»

Sanitary Sewer 6: Aqueous solutions of inorganic chemicals and small
amounts in non-solution
Use this procedure only if you have been referred here from Appendix A or another
section of this part. Follow Guidelines For Sanitary Sewer Disposal, above. The
concentrations of the following toxic metals are regulated in the sanitary sewer. Do
not exceed these daily limits for discharge per principal investigator:
Arsenic
Barium
Cadmium
Chromium (III)

1000 g
1000 g
25 g
1000 g

Chromium (VI)
Copper
Cyanide
Lead

50 g
150 g
10 g
500 g

Nickel
Selenium
Silver
Zinc

200 g
30 g
300g
800 g
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Concentrated solutions of these metals could be treated to precipitate and remove
metals before discharge to the sanitary sewer. Adjust pH to basic side of neutrality and
collect any precipitate that occurs. This will work well with silver, lead and cadmium.
Chromates and dichromates can be treated with sodium bisulfite or dithionite to reduce
them to Cr (III). Copper, zinc, nickel, arsenic (cacodylate buffers) and barium
solutions can be sewered directly. Dispose of the precipitate via On-Site Service 1.
When practical, photography labs should install and maintain silver recovery units.
»

Sanitary Sewer 7: Aqueous solutions of organic chemicals and small
amounts in non-solution
Use this procedure only if you have been referred here from Appendix A or another
section of this part. Follow Guidelines For Sanitary Sewer Disposal, above. Aqueous
solutions of biodegradable concentrations of 10% or less can be disposed of in the
sanitary sewer with copious amounts of water. Degradable organic chemicals include
acrylamide, nicotine, diaminobenzidine, phenol, and picric acid, as well as others
listed in Appendix A. Call the Safety Department for further evaluation if you
approach 10 liters of solution daily per principal investigator.

»

Sanitary Sewer 8: Aqueous solutions of organic solvents
Solutions of these biodegradable organic chemicals used as dilute, homogenous
aqueous solutions (or as aqueous extract wastes from reaction work-ups) may be
safely disposed of in the sanitary sewer. These include low molecular weight
alcohols, aldehydes, ketones, amines, ethers, cellosolves, nitriles, esters and nitroalkanes such as:
 methanol to pentanol
 formaldehyde to butyraldehyde
 acetone, methyl ethyl ketone
 propyl amine to piperidine
 propylene oxide, tetrahydrofuran, dioxane and diethyl ether
 methyl cellosolve and ethyl cellosolve
 acetonitrile
 methyl formate and methyl acetate
 nitroethane and nitromethane
 dimethylformamide (DMF), hexamethylphosphoramide (HMPA) and dimethylsulfoxide (DMSO)
1. Follow Guidelines For Sanitary Sewer Disposal, above.
2. Limit sewer disposal of dilute aqueous solutions of these solvents to 10 liters daily
per principal investigator. One important safety aspect of this is the ignitability of
vapor from the solution (see Section 2.1.a). Pouring directly into the drain,
avoiding spreading of liquid surface, reduces the hazard. Using the Henry's Law
constant (i.e., equilibrium vapor pressure per aqueous
concentration) and the "Lower Ignitable Limit" of the solvent leads to an estimation of the concentration at which a Flash Point of 25 °C (77 °F) is reached. For
the alcohols, 10% is the limit (t-butanol). For aldehydes (excluding formalin
solution), ketones, esters, THF and nitriles, 2% (methyl acetate) is generally safe.
Diethyl ether and MTBE are at 0.2% and must be considered. The safe aspect of
the low limit organics is that there is very little to flash if they were to flash.
3. Follow the solution with approximately 10 volumes of water.
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4. Dispose of the rinsed, empty bottle following Normal Trash 4.
5. If the material is malodorous, follow procedure Sanitary Sewer 5.
 Solids
Refer to Appendix A for disposal procedure for solid chemicals. Solids and reusable
solids in their original container can be disposed following procedure On-Site
Service 1.

Double-bag
any wet
solids to
prevent
leakage.

 Solids That Are Wet: gels, precipitates and semisolids
Use this procedure for solids that are wet, such as gels, precipitates, semi-solids, etc.
This procedure can also be used for wet, emptied vials.
 Minimize liquids in the waste by emptying vials, decanting excess liquids, filtering
the waste or allowing the aqueous waste to evaporate in a fume hood. Dispose of
liquids in the sanitary sewer or in an organic solvent collection carboy, as
appropriate. Absorb any remaining liquids by adding absorbent (e.g., oil dry or
absorbent paper).
 Any waste contaminated with a Toxicity Characteristic chemical must be given to
the Safety Department following procedure On-Site Service 1. See Labware
Contaminated With Chemicals for a list of the Toxicity Characteristic chemicals.
 For all other wet wastes or chemicals, call the Safety Department for advice, or
dispose of the waste following procedure On-Site Service 1.
 Unknowns
Analysis and disposal of material for which the identity is not known can be expensive, from $30 to $1500 per unknown. The following steps will aid in the disposal of
unknown materials generated on campus:
1. Consult with other workers in the area who may have an idea as to the identity of
the material. Even a general chemical classification (such as aromatic sulfur
compounds) can be very helpful. A phone call to a colleague who has left will pay
for itself. To prevent unknowns, remember to label all your containers. When
scientists plan to leave the university, contact Safety to help you clean out the
laboratory so that unknowns can be identified.
2. Dispose of the material following procedure On-Site Service 3.

7.2 On-Site Hazardous Materials Management Service
Surplus chemicals, waste organic solvents, most waste chemicals and some contaminated labware can be removed from your laboratory by the Safety Department's
On-Site Hazardous Material Management Service (OSHMM).

Hazardous waste
disposal costs more
than $200,000 each
year at the UW.

7.2.a Disposal of Chemical Waste at UW-Madison
Where does it go? When the Safety Department removes chemicals from your
laboratory, it is first brought to a campus storage facility. There, the chemicals are
sorted into several routes: on-campus redistribution, neutralization, chemical treatment, recycling, etc. Chemical waste that cannot be managed on campus is shipped
out of state for incineration in a commercial hazardous waste incinerator or cement
kiln. Waste containing toxic metals is shipped to a facility to recover the metal or to
encapsulate the waste.
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What happens to it? Incineration of hazardous chemical waste is required by law
to achieve a 99.99% destruction efficiency and many chemicals are destroyed at even
greater efficiency. Toxic metals are removed from the exhaust gases and remain in the
ash. Although incineration is a superior method of hazardous waste disposal, all
incinerators emit carbon dioxide (a global greenhouse gas) and other products of
combustion, some of which may be toxic. No disposal method is without risk.
Protecting the Environment. No laboratory chemicals or chemical wastes may
be disposed of in any campus incinerator. Campus incinerators do not meet the
destruction standards for chemical waste, and are not permitted for chemical waste
disposal.
Appendix A of this Guide lists those organic solvents that are to be collected in
carboys for incineration via the Safety Department's On-Site Service. Many of those
chemicals not listed in Appendix A (to be disposed of by On-Site Service) will also be
disposed of at a commercial hazardous waste facility. This section describes
procedures you should use for on-site removal of your waste by the Safety
Department.
Call us if you have questions. Please call the Safety Department if you have a
waste not covered in this guide, or if you have questions about On-site Service for
removal of your chemical wastes.
7.2.b General Guidelines for Using OSHMM
This service is only for the removal of surplus chemicals and chemical wastes. For
disposal of:
 radioactive waste, see Section XIX of the UW-Madison Radiation Safety Guide.
 animal tissue, carcasses and bedding, see Chapter 8 of this Guide.
 sharps (needles, pipettes and broken glass), see Chapter 9 of this Guide.
 biohazardous (infectious) waste, see Guidelines for Handling Pathogenic Microorganisms, from the UW Biological Safety Office.

Do not leave waste
chemicals on
loading docks.

Many chemicals can be managed in your laboratory. Before using one of the
procedures below, look up your chemical or waste in Appendix A. In the preceding
pages of this chapter is an alphabetical list detailing the disposal procedures that
Appendix A lists by chemical. For all procedures, please follow these general
guidelines:
 For chemicals or wastes not listed in Appendix A or not described in the preceding pages, call the Safety Department for removal. We will schedule a date and
time to meet you.
 Prior to visit by the Safety Department, describe the chemical or waste on a
Surplus Chemicals Form. Many department offices and stock rooms have these
forms. The Safety Department will mail them to you upon request, or download
them at http://www.fpm.wisc.edukhemsafety/forms.htm.
 Safety Department staff will meet you to remove your chemicals; do not bring
chemicals to the loading dock.
 Never leave chemicals or waste in a hallway.
 Solvent collection containers (carboys) are supplied by the Safety Department.
You should supply all other containers according to the specifications below.
Empty containers in which the chemicals are supplied are usually satisfactory for
collection.
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Call us if you have questions or problems. This service is available at no cost to UWMadison faculty, staff and students. We encourage you to minimize the amount of
chemicals in storage by promptly calling us to remove surplus or waste chemicals.
The Safety Department's On-Site Hazardous Materials Management (OSHMM)
Service can be arranged by following one of the procedures described below,
depending on the type of chemical or waste you wish removed. For removal of:
 Carboys containing organic solvents, follow procedure On-Site Service 2, below.
 Potential explosives, gas cylinders or unknowns, follow procedure On-Site
Service 3, below.
 Unwanted, surplus or waste laboratory chemicals, follow procedure On-Site
Service 1, below.
 More than twenty (20) items of unwanted, surplus or waste laboratory chemicals,
follow procedure On-Site Service 4, below.
 On-Site Service 1: Removal of surplus chemicals and chemical wastes
Call the Safety Department to schedule a visit for the removal of surplus chemicals
and chemical wastes from your room. Prior to our visit, complete a "Surplus Chemicals" form, which are available from the Safety Department and many department
offices and stockrooms. Use additional forms if necessary.
For sample collections of synthesis intermediates, extracted substances and
collections of chemically similar materials of great variety and small amounts (i.e.,
dyes and stains), keep these together, well capped vials placed upright in a box, not
as a pile in a bucket or in a sharps container. This is the best way to be able to
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present the collection to the people who receive chemicals for ultimate disposal
without having to write down each and every name (e.g., they can be named as a
group). With chemicals produced in a combinational array, this will be helpful as
well; keep similar series of different variants together as a neatly arranged group in a
box.
Labeling lab generated waste material as "Solid Waste" is not really helpful; we can
observe both that it is solid (or not) and that no one wants it. What is needed is the
hazardous ingredient (i.e., the reason it is hazardous and not just laboratory trash) and
any other major components.
You can arrange for delivery of empty carboys when you call. Waste organic
solvents should be disposed of in carboys according to Organic Solvent Collection
(above) and On-Site Service 2 (below).
Marking of Containers. All containers must be marked legibly with the chemical's identity. See On-Site Service 3, below, for unknowns.
Suitable Containers. Chemical mixtures, aqueous solutions, other liquids and
reaction products should be placed in a suitable container. Empty containers in which
the chemicals are supplied are usually satisfactory for removal. Make sure all
containers are tightly closed and contain the material that they hold. Please consider
whether a waste reaction mixture or cleaning solution is done reacting and no longer
producing a gas like nitrogen, carbon dioxide, hydrogen, oxygen or hydrogen
chloride. Please be aware that "Pirahna Acid" cleaners for silicon chip work that use
hydrogen peroxide and a strong acid (usually sulfuric), must NOT be made using
hydrochloric acid -- specifically because hydrogen peroxide will oxidize chloride
under acidic conditions to chlorine gas! It will oxidize hydrobromic and hydroiodic
even easier, but that will be immediately obvious. Remember that hydrofluoric acid,
even in low concentrations, will produce silicon tetrafluoride gas from glass. We
cannot accept leaking containers. Each container must be less than 5 gallons.
 Suitable containers for liquids include glass bottles with their original screw caps.
Plastic milk jugs are not suitable for waste collection.
 A variety of containers are suitable for solids, the container must be sturdy, rigid,
able to be tightly closed so that the product is well-contained. Glass bottles with
screw caps work well. Open beakers or flasks are not suitable.
 A suitable container for contaminated labware is a tightly closed plastic bag
(folding the bag and taping it works well) inside a cardboard box. Clearly mark
the outside of the box with its contents.
 Suitable containers for wet solids include (for small amounts) glass bottles with
screw caps and (for larger amounts) tightly closed plastic bags (folding the bag
and taping it works well) inside cardboard boxes. Clearly mark the outside of the
box with its contents. No free liquid should be present with wet solid wastes;
absorb any free liquid with absorbent paper or oil dry (do not use vermiculite for
an absorbent).
See On-Site Service 4, below, for removal of more than twenty (20) items.

See Organic
Solvent
Collection for
carboy
procedures.

 On-Site Service 2: Waste solvent carboy removal and delivery
See Organic Solvent Collection for procedures on disposing of waste solvents.
Removal of carboys of waste solvents. Call the Safety Department to schedule
the removal of waste solvent carboys from your room. Prior to our visit, complete a
green "Waste Analysis for Carboys" form, which are available from the Safety
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Department and many department offices and stockrooms. See Organic Solvent
Collection for more information on completing the form. You can arrange for delivery
of empty carboys when you call.
Delivery of empty solvent collection carboys. Carboys for waste solvent
collection can be obtained by calling our office; we will schedule a delivery. Some
stockrooms also have empty carboys. When reserving carboys, specify the type and
number that you need. The new carboy types are both "square" in shape, the
halogenated one is yellow and the non-halogenated one is white.
 On-Site Service 3: Evaluation of gas cylinders, unknowns and potential
explosives
For evaluation of gas cylinders, unknowns and material that you suspect may be
explosive, call the Safety Department. We will visit your laboratory to evaluate the
material and determine the most appropriate disposal route.
 On-Site Service 4: Laboratory and stockroom clean-outs
We encourage you to regularly review your chemical stocks and dispose of any
unwanted chemicals. For large cleanouts, it is most efficient if we can process and
sort most of the chemicals directly in your laboratory or stockroom. This also
minimizes the risk of transporting chemicals.
Our role. Clean-outs work best when the Safety Department and the lab work
together. We will:
 remove chemicals that can be used by others on campus.
 advise you on neutralization of strong acids and bases and other treatment
procedures.
 help you sort the remaining chemicals by disposal route.
Your role. If you plan to move from a lab, please call us two weeks in advance of
your move so that we can help you clean out any surplus chemicals and wastes. We
will need:
 to use your sinks and some space in your fume hood.
 help in locating empty containers, boxes and carts.
 equipment and materials for neutralizations and treatments.
 the guidance of someone who works in your lab to evaluate and identify samples,
experimental products, unknowns, gas cylinders and older chemicals.
 someone from your lab to complete our disposal forms and other assistance.
This procedure is also appropriate for those labs that have been vacated and a large
amount of chemicals have been left. For cleanouts of a small number of chemicals,
use procedure On-Site Service 1, above.

7.3 Review Questions
1. To dispose of an unusable bottle of barium sulfate you refer to Appendix A and:
a. Normal trash disposal is OK.
b. Discharge it to the sanitary sewer.
c. Set aside for the Safety Department's On-Site Hazardous Materials Management service.
d. Give to another lab for reuse.
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2. Waste chemical solutions poured down your laboratory sink go:
a. Into a reservoir under the building.
b. Into a storm sewer that leads to the lake.
c. Via the sanitary sewer to the Madison Metropolitan Sewerage District's Treatment Plant.
d. To the University's wastewater treatment plant.
3. Which of these bases is not suitable for the neutralization of perchloric acid:
a. Potassium hydroxide.
b. Sodium hydroxide.
c. Magnesium hydroxide.
d. Ethylenediamine.
4. Which of the following personal protective equipment should be worn while neutralizing waste acid or
base solutions:
a. Chemical splash goggles that form a seal against your face all around your eyes
b. A full-length (neck to ankles), vinyl or rubberized apron.
c. Heavy-duty acid-resistant gloves.
d. All of the above.
5. Your calculator batteries need to be replaced. The label indicates that they are mercury cells. What
would be the correct disposal method for them?
a.
Overpack them in a box and place it in the normal trash.
b.
Call for collection by the Safety Department.
c.
Break the case, recover the mercury and place the rest in the normal trash.
d.
Normal trash is satisfactory.
6. The five-gallon carboys that Safety provides for campus laboratories are used to dispose:
a. Phosphate buffer solutions.
b. Collection of waste organic solvents and their solutes produced in your lab.
c. Aqueous heavy metal solutions.
d. Anything that you should not pour down the drain.
7. Used vacuum pump oil should be:
a. Discharged in a floor drain.
b. Set on the loading dock.
c. Poured into a solvent collection carboy.
d. Collected in a non-leaking container, labeled properly and disposed of following procedure
On-Site Service 1.
8. After running a chloroform / methylene chloride extract through a silica gel column, you should:
a.
Double-bag the silica gel and place in the normal trash.
b.
Spread it out in the hood to evaporate the solvent, then dispose of the dry powder in the trash.
c.
Bag or otherwise contain the wet gel and dispose following procedure On-Site Service 1.
d.
Empty the column into a carboy because it contains solvents.
9. If you break your mercury thermometer, you should:
a. Recover or pick up the escaped mercury and store in a airtight container for disposal.
b. Dispose of it in the normal trash.
c. Replace it with an alcohol thermometer.
d. a and c.
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10. A 15-pound voltage regulator is found in the back of a stockroom. The instrument it originally part of
was replaced in 1978. What is the primary concern with disposal of this item?
a. It may contain PCBs. Contact the Safety Department for evaluation.
b. There may be asbestos insulation on the wiring.
c. Nothing; storage of electrical equipment is not regulated.
d. The equipment's wiring may contain large quantities of mercury.
11. Needles and other sharps should be disposed of:
a. In the normal trash.
b. In special sharps containers as described in Chapter 9.
c. Autoclaved, then thrown in normal trash.
d. Double box before placing in the normal trash.
12. Aerosol cans can be sprayed out until empty and disposed of in the normal trash. a.
a. True.
b. False.
13. Appendix A is an alphabetic listing of:
a. all the chemicals used at the UVV.
b. appropriate disposal procedures for waste laboratory chemicals.
c. a random listing of chemical disposal procedures not found in Chapter 7.
d. a list of chemicals to be picked-up via the On-Site Service.
14. Do not dispose of any mercury containing waste in the normal trash or sanitary sewer. a.
a. True.
b. False.
15. Which of the listed acids is so reactive and only slowly soluble in water that the Safety Department
recommends labs not to neutralize.
a. Concentrated hydrochloric acid.
b. Sulfuric acid.
c. Fuming nitric acid.
d. Sodium carbonate.
16. Yellow, square carboys are used for organic solvent wastes that contain halogenated flammable
solvents.
a. True.
b. False.
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Chapter 8
Laboratory Animals and Animal Tissue Disposal
The use of laboratory animals in research and instruction is regulated by federal law
and UW policy. The goal of these is to provide humane treatment to animas, protect
researchers, animal handlers and the environment. Policy governing the use of animals
in research and teaching at the University is promulgated by the All Campus Animal
Care and Use Committee to on-campus Animal Care and Use Committees (ACUC).
The administrative arm of the All Campus Animal Care and Use Committee is the
Research Animal Resources Center (RARC). The RARC works with the various
animal care and use committees to ensure responsible animal use on campus. The
RARC has four primary functions:
 provide veterinary and laboratory services in support of quality animal care.
 provide the support and training necessary to provide the highest quality care
possible for the University's research animals.
 provide oversight and assistance in assuring compliance to all laws, regulations,
and rules governing the care and use of laboratory animals.
 conduct direct or collaborative research and/or consultation on animal models for
biomedical research.
Information on submission of protocols, training, policies, etc. can be obtained from
the RARC web site, http://www.rarc.wisc.edu.
This chapter discusses safety considerations for both workers and animal handlers,
some general policies for care and use of research animals, and the procedures for
disposal of animal waste, bedding, carcasses and tissue. Annex A provides a disposal
flow chart. Information is also provided on regulated and transgenic plant disposal.
References are given below for other campus procedures for disposing of radioactive
animals, human tissue, human blood and body fluids, and biohazardous waste.

8.1 Laboratory Animal Safety
Safety requires a trained workforce. Before committee approval of an animal use
protocol, the UW All campus Animal Care and Use Committee requires all persons
who will use animals in teaching and research to complete the Animal User Certification program administered by the RARC. The RARC web site includes a listing of
the various training programs and training dates.
Additionally, the Safety Department maintains a database of animal handlers by
having all persons who will work with animals to complete the Animal Handlers
Health Questionnaire. This form can be downloaded from the Safety Department's
Occupational Health web site (http://www.fpm.wisc.edu/occhealth/). Completion of
this questionnaire will help insure you are properly protected from diseases in the
worksite and assist in identifying specific health issues.
Bites, scratches
and other mechanical injuries are the
most common
hazard associated
with research
animals.

8.1.a Direct Animal Hazards
The most common hazard associated with animal research is mechanical injury.
Animals are capable of causing significant injury to animal handlers. Most research
animals can bite or scratch. Livestock, large animals and primates can bite, batter,
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or crush. Because bites and scratches easily spread disease and infection, persons
handling animals must take special care when working with animals.
Researchers who work with animals may develop allergic reactions, including
rhinitis, conjunctivitis, asthma and dermatitis. Symptoms of animal allergy may include
nasal congestion, sneezing, water eyes, hives and eczema. Rabbits and rodents are the
most common research animals that cause severe allergic reactions. Animal dander, fur,
bedding, urine, saliva and tissues are the primary sources of allergic antigens. Mold
spores and proteins in animal feed may also act as antigens. To reduce exposure to
animal allergens, minimize the generation of aerosols and dust and wear respiratory
protection (e.g., dust mask) and other protective equipment, especially when feeding or
handling animals, changing bedding or cleaning cages. If you believe other types of
respiratory protection are needed, contact the Occupational Health Office to obtain work
site evaluation and medical clearance for respirator use as required by OSHA standards.
8.1.b Indirect Animal Hazards
Indirect hazards occur when research animals are intentionally exposed to biological
agents, chemicals and radioactive materials which then contaminate animal bedding,
equipment, waste products and the atmosphere around cages. The protocol approval
process requires the researcher to identify these agents and provide guidance to
protect workers and staff. Additionally, investigators must inform animal care
personnel of their responsibilities in the care of treated animals.
Animals and Toxic Chemicals
Animal research or testing with toxic chemicals, including carcinogens, mutagens,
reproductive toxins, and substances with a high degree of acute toxicity may produce
aerosols, dust or metabolic byproducts that contain these toxic materials. Treated animals
may excrete carcinogens or their metabolites. If this possibility exists, inform the animal
care workers that the animal bedding and other equipment may be contaminated and
provide guidance regarding protective equipment and procedures.
Wetting animal bedding before cleanup may help reduce aerosols.
When working with research animals and toxic chemicals, always wear gloves and
button your laboratory coat. If aerosol production cannot be controlled, use a respirator.
Fallow all instructions outlined in the approved animal use protocol for handling these
chemical agents. A few other safety issues to consider when planning the protocol:
 Select a physical form least likely to be disseminated in the air.
 The route of administration is an important factor in minimizing hazard.
 Gastric intubation is preferable to administration in diet since food scattering in
cages results in aerosols.
 If administering a carcinogen by diet, mix ingredients in a closed or contained
system (e.g., glove bag or fume hood).
 If needles and syringes are used for administration, do not recap the needle.
Place the entire unit into a sharps container (see Chapter 9).
 Use a fume hood when administering volatile carcinogens topically, by gavage, or
by intratracheal installation.
 Use only solid-bottom cages to house carcinogen-treated mice.
 Use ventilated cage racks to hold cages where animals are treated with volatile
chemicals or where danger of particulate aerosols exists.
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 Nonventilated cages housing animals treated with nonvolatiles should be
equipped with filter tops that reduce aerosol dispersal.
Animals and Infectious Agents
Personnel conducting animal research with infectious agents or working with animals that
carry potential zoonoses, must utilize isolation procedures that are appropriate to the
infection risk. Examples of zoonotic diseases which pose a hazard
to humans include:

 Brucellosis
 Herpes Bvirus

 Pasteurellosi
s
 Q Fever
 Rabies

 Ringworm
 Salmonellosi
s
 Shigellosis

 Tuberculosis
 Tularemia
 Viral
Hepatitis

Conduct work with infectious agents according to good laboratory procedures and
containment practices. The animal use protocol and biosafety protocol should
describe proper disposal of infectious wastes.
Animals and Recombinant Genetic Materials
Animal research with recombinant DNA (rDNA) must be conducted in accordance
with NIH guidelines and be described in the researcher's approved biosafety protocol.
Because containment and disposition is a critical issue, all experiments involving
rDNA or genetically altered animals must receive prior approval from both the
Institutional Biosafety Committee and the ACUC.
Animals and Radioactive Materials
Use of radioactive materials in research animals requires prior approval of the animal
use protocol. Once the basic research protocol is approved, the researcher submits a
radioactive animal use protocol request to the Safety Department. The type of animal,
the characteristics of the radionuclide, and the physical form of the radioactive
material (e.g., sealed versus unsealed source) is all considered before an animal
project will be approved by the University Radiation Safety Committee.
Persons working with radioactive material must be trained radiation workers.
Because of this requirement, usually the researcher's lab personnel take care of the
animals (e.g., become animal handlers). If the researcher can not care for the animals,
then animal care personnel must take the radiation safety training and become
radiation workers.
Special considerations to contain contamination occur if the animal is bleeding or if
the urine or feces of the animal is no longer confined. Additionally, the animals or their
cages must be marked with the kind and amount of radioactive material used, the date
of administration, and a contact person in case of emergencies. Adequate ventilation
must be provided if the radioactive material can become volatilized.
For research involving the use of radioactive materials other than sealed sources,
the authorized researcher must insure that contamination is controlled and not spread
outside of the animal room. After administering high energy radiation emitters,
monitor all adjacent rooms and hallways to the animal housing. The radiation exposure
rate in uncontrolled areas must not exceed 2 mR/hr, and the aggregate exposure must
be less than 1 mSv/year (100 mrem/year). The researcher must also monitor the
radiation levels inside the room for appropriate labeling (e.g., Radiation Area signs if
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the exposure rate is greater than 5 mR/hr and High Radiation Area signs if the
exposure rate is greater than 100 mR/hr). All animal wastes must be contained and
treated as radioactive.
8.1.c Personal Protective Equipment (PPE)
Engineering controls are the preferred method to protect workers. When these controls
will not provide an adequate level of protection from exposure to potentially infectious
agents and physical injuries, PPE shall be provided to reduce this risk of exposure and
injury.
The ACUC in conjunction with the attending veterinarian, principle investigator
(PI) or supervisor initially assess the workplace to determine if hazards are present
that necessitate the use of PPE. If hazardous situations are likely, the PI or supervisor
must have each employee use the types of PPE that will protect the employee from
the hazards identified.
Training
The PI or supervisor must provide training to each employee who is required to use
PPE. The employees shall be trained to know at least:
 when is PPE necessary for the task
 what PPE is necessary for the task
 how to properly put on, take off, adjust and wear the PPE
 the limitation of the PPe
 proper care, maintenance and disposal of the PPE
The trained employees must demonstrate an understanding of these factors and show
they can use PPE properly before being allowed to perform work requiring the PPE.
This training must be documented in the employee’s record.
Eye Protection
This is worn to protect mucous membranes from exposure to animal fluids or other
objects in the animals' environment. Depending upon the assessment, this may
include:
 Eye glasses with protective side shields
 Safety goggles
 Face shields (including masks with face shields incorporated into the design)
Masks
To protect mucous membranes from exposure to animal fluids or other objects in the
animals environment, masks may be requires. This may include standard surgical
masks, splash / fluid resistant masks or dust masks. If respirators are required to
control occupational diseases caused by breathing air contaminated with harmful dusts,
fogs, fumes, gases, sprays, vapors or airborne diseases, the PI must establish a
Respiratory Protection Program in accordance with OSHA Respiratory Protection
Regulations (contact General Safety at 262-8769) to determine the specific requirements for this program.
Gloves
The hazard assessment should identify types of hazard anticipated (e.g., splashes of
body fluids, animal bites or scratches, lacerations). Based on these hazards, appropriate gloves will be specified. Remember, timely glove removable, followed by
immediate hand-washing is essential before continuing to another task. Considerations for glove selection include:
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Medical examination gloves or surgical gloves (non-sterile unless required by the
procedure) are acceptable for contact with animal body fluids and items potentially
contaminated with body fluids.
Heavy duty gloves or double gloving may provide additional protection against
risks of abrasions or lacerations (e.g., equipment with sharp edges, some surgical
procedures, necropsy).
Gloves should be removed, hands washed, and new gloves donned before working
with another group of animals or animals with different microbial status.

Personal Protective Garments
Appropriate protective garments are selected based on the risk and type of exposure
anticipated. Protective garments should be changed between different groups of
animals or different microbial status or after exposure to contaminated equipment.
Protective garments worn in the animal facility should not be worn outside the animal
facility. Appropriate protective garments include:
 Laboratory coats that can be closed
 Jump suits
 Surgical gowns or surgical scrubs (if garment is short-sleeved, glove or sleeve
extenders or forearm covers are needed)
 Surgical head covers if significant splash hazard is anticipated or required by
surgical procedure
 Surgical shoe covers, safety shoe covers or designated shoes/boots worn only in
the animal facility
8.1.d Transportation of Research Animals
Animals that leave their regular housing must be transported in covered cages. If the
trip includes passing through a public area, the cage must be opaque or covered so that
the animal and the cage contents are not readily visible and the cage must be secured in
a way that prevents escape of the animal if an accident occurs (e.g., cage is dropped). If
the trip is between buildings, the time of travel must be kept to an absolute minimum.
Animals must not be transported by public transportation such as campus or city buses.
Non-human primates must not be transported in private vehicles. Consider the outside
temperature and the trip's duration. Do not expose the animals to extremes of
temperature which could cause over-heating or frostbite.
The primary enclosure may be a non-standard size if the trip is short. However, all
enclosures must allow for reasonable air exchange and postural adjustments, be clean
and secure, and be designed to capture any body fluids or waste that the animal may
produce during the trip.
The Safety Department will dispose of
laboratory animal
tissue and
carcasses at no
cost to you.
Proper incineration
requires a uniform
waste feed, the
reason we must
limit the size of
waste packages.

8.2 Safety Department Animal Tissue Disposal Service
The Safety Department provides a disposal service for laboratory animal carcasses and
tissue. If you call Safety, animal carcasses and tissue that are properly packaged will be
picked up on Wednesday and Friday mornings. These materials are transported to the
Safety Department's incinerator.
To minimize the risk of back injury for all persons who handle the boxes and to
efficiently and completely incinerate the waste (i.e., big boxes do not bum well),
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animal tissue package weight is limited to 40 pounds. Follow these steps to properly
package and label your animal tissue wastes:

1. Place carcass and/or tissue into a plastic bag and seal with tape or by tying.
2. Place bagged carcasses and tissues into a sturdy box. For most users, we recommend the 15" x 12" x 10" box from Material Distribution Services (stock #3370).
Seal the box with tape.
3. Limit the weight of each box to 40 pounds and write the weight on the box.
Animal carcasses larger than 40 pounds must be sectioned unless approved by
Safety. Risk assessment guidance for sectioning is available from the Biological
Safety Office. Contact them prior to sectioning any biohazardous animals.
4. Animal tissue must be frozen. Freezing is required to prevent putrefaction and
aerosols or dripping from liquids.
5. Complete an Animal Tissue Disposal Service form and attach it to the box. These
forms are available from the Safety Department or from Safety's web site:
http://www.fpm.wisc.edu/chemsafety/forms.htm.

Be sure to note any
special handling
precautions if the
material may pose
a hazard to waste
handlers. List any
contaminants on
the form for those
wastes that contain
chemicals or infectious agents.

6. If biohazardous and approved by the Biological Safety Office for the Safety's
Disposal Service, label the box with a universal biohazard symbol and note the
biohazard on the pink form.
7. If chemically contaminated, note the chemical and its estimated total quantity on
the pink form.
8. Call Safety (2-8769) to request a pickup or, preferably, submit a pickup request
via our web (http://www.fpm.wisc.edu/safety/Radiation/pkup.html).
9. Place the boxes outside on the loading dock on the morning of the pick-up. Make
sure that the contents are frozen solid and there are no liquids running from the
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box. Leaking boxes will be rejected.
10. If you generate a large quantity of boxes, the Safety department can provide you
with caged carts to use to make box handling easier.
Single animal carcasses from 40 to 175 pounds (or 40 to 100 pounds for swine)
may be accepted on a case-by-case basis, but only with prior approval from a Safety
Department Waste Management Supervisor. Similarly, the Biological Safety Office
may approve the disposal of large biohazardous animals if sectioning poses a significant
risk to workers.
For such large carcasses, tie the animal's legs tight to the body so the carcass will
Animal Tissue
fit in the incinerator, place in a cadaver bag or other strong plastic bag and securely
Disposal Forms are
close the bag. The animal user is normally responsible for transporting large carcasses
available from
Safety's web site. In to the Walnut Street storage facility. Call the Safety Department to schedule a time for
some buildings,
delivery / receipt of the carcass at the storage facility. Never leave carcasses on the
forms are available
facility loading dock.
from animal
Animal carcasses larger than 140 pounds (or 100 pounds for swine) must be
caretakers and
sectioned
to be properly incinerated. Alternatively, private contractors may be
department offices.
Safety is not permit- employed for large animal disposal.
Larger animal
carcasses must be
sectioned to be
properly
incinerated.

ted to process
medical, biohazardous or hazardous
chemically contaminated tissues. Do
not dispose of
these wastes as
animal wastes; call
the Safety Department for
instructions.

Animal tissue and
carcasses that are
transgenic or
contain radioactive
materials, rDNA,
infectious agents or
toxic chemicals
require special
disposal
procedures.

8.3 Animal Wastes Not Processed by Safety
Just as with hazardous chemicals, radioactivity, and biohazardous materials, the
processing and disposal of animal wastes are regulated by many different agencies.
The goal of these regulations is to protect the public and environment from unnecessary exposures. In certain instances, the Safety Department will not be allowed to
process your animal wastes.
The Safety Department's Waste Processing facility is only licensed to process
animal tissue and carcasses. Soiled bedding should be disposed of in the normal trash
as described below and not as animal wastes. Biohazardous bedding (bedding
containing infectious agents), should be disposed of through Safety or decontaminated
by some other means. As described below, disposal of biohazardous bedding via the
Safety Department's Animal Tissue Disposal Service requires prior approval of the
Biological Safety Office.
The following wastes can NOT be disposed by the Safety Department's Animal
Tissue Disposal Service.




Use Chapter 7 for
the disposal of
laboratory
chemicals.







Animal tissue and carcasses that contain radioactive materials. See Radioactive
Animal Tissue, below.
Waste collection containers for needles and other sharps. Procedures for the
disposal of sharps and glass are given in Chapter 9 of this Guide.
Human tissue or human blood or body fluids. See Disposal of Other Biohazardous Waste, below.
Microbiological cultures and stocks. See the Biological Safety Office's Biohazard
Recognition and Control: Guidelines for Handling Pathogenic Microorganisms
and Disposing Biohazardous Waste manual.
Bulk blood or fluids. See below.
Laboratory chemicals, chemical waste or chemically contaminated labware. See
Chapter 7 of this Guide for procedures.)
Surgical instruments or animal handling equipment.
Labware or glassware. See Chapter 9.

8.3.a Biohazardous Animals
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The majority of animal tissues can be disposed of by the Safety Department's Animal
Tissue Disposal Service. However, additional precautions are necessary for

Biohazard pertains
to the presence of
an infectious agent.
Do not label waste
containing only
carcinogens or
other toxic chemiPlease
your
cals as identify
biohazards.
biohazardous
waste with a universal biohazard
symbol label.

Help us minimize
the risks of handling
biohazardous
waste.

Do not dispose of
animals that are
biohazardous
through the Safety
Department's
Animal Tissue
Disposal Service
without prior
approval.

Medical and clinical
waste is subject to
special handling,
treatment and
disposal requirements. Call the
Biological Safety
Office for more
information.

biohazardous animal waste to avoid transportation risks, unnecessary handling
and exposure risks to uninformed waste handlers.
Biohazardous animal waste includes bedding, carcasses and tissue from animals
known or suspected of carrying infectious microorganisms, whether experimentally or
naturally infected. At UW-Madison, biohazardons animal waste is animal waste
known or suspected of carrying agents assigned to Biosafety Level 2 or 3 (BL-2 or
BL-3). Biohazard Levels are defined in Biosafety in Microbiological and Biomedical
Laboratories (U.S. Department of Health and Human Services, Public Health
Service, Centers for Disease Control and Prevention and National Institutes of
Health, Fourth Edition, May 1999). Please check the Biological Materials and
Recombinant DNA Protocol form to determine the Biosafety Level of the agents with
which you work. Your Principal Investigator and the Biological Safety Office have a
copy of the form. Be sure to label biohazardous animal waste with the universal
biohazard symbol.
If you work with biohazardous animals, you must follow procedures described in
the biosafety protocol registered with the Biological Safety Office. You may only
dispose animals through the Safety Department's Animal Tissue Disposal Service if
approved in the protocol. Call the Safety Department's Biological Safety Office to
evaluate on-site and off-site waste disposal options. Prior approval is not necessary if
the waste is decontaminated, sterilized or incinerated on-site.
Timely coordination with the Safety Department's Biological Safety Office is very
important when disposing of biohazardous waste. The Safety Department will work
with you to evaluate your biohazardous waste disposal options, such as autoclaving,
chemical disinfection, incineration or temporary on-site storage. If incineration by
commercial vendor is appropriate, the Safety Department's Biological Safety Office
and Chemical and Radiation Protection groups will arrange for disposal through the
Safety Department's Animal Tissue Disposal Service.
The Safety Department may ask you to help with commercial-vendor waste
handling, transport and disposal in the case of very high volume or heavy waste or
unusually hazardous waste, or when animal handlers are required to take special
occupational health precautions (e.g., vaccinations).
On-site decontamination (e.g. autoclaving, chemical disinfection) is usually
required for animal waste from BL-2 / BL-3 laboratories. Please contact the
Biological Safety Office with questions regarding such materials.
Animals made transgenic via recombinant DNA technology or into which recombinant DNA has been introduced must be incinerated. Follow the Safety Department's
Animal Tissue Disposal Service procedures described above.
8.3.b Disposal of Other Biohazardous Waste
UW Hospital and Clinics, the State Laboratory of Hygiene and certain other activities
on campus have access to the medical waste destruction facility operated by Madison
Energy Recovery, Inc. (MERI). Follow MERI and building procedures for disposal of
medical and infectious waste via this system. Chapter 9 of this Guide describes the
procedures for the disposal of needles and other sharps.
Contact the Safety Department's Occupational Health Specialist if you use human
tissue or human blood or body fluids. The U.S. Occupational Safety and Health
Administration (OSHA) has special rules for the use and handling of these materials.
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samples preserved
in formalin, drain
the solution into the
sanitary sewer,
then dispose of the
tissue according to
the procedure
below.
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8.3.c Chemically Contaminated Animal Tissue
One of the more common chemicals used in conjunction with animal research is
formalin. This compound is an aqueous solution of formaldehyde and, depending upon
concentration, may be regulated. If you have animal tissue preserved in formalin for
disposal, use a fume hood sink to pour off the formalin into the sanitary sewer and then
rinse the tissue with water prior to freezing and disposal through Safety. Make sure that
your facility's ventilation is adequate to safely dispose of that and all formaldehyde
solutions in your lab, a fume hood sink normally provides such ventilation.
Call the Safety Department for disposal instructions for animal tissue and
carcasses contaminated with highly toxic chemicals (e.g., lead, PCBs, etc.) or toxic
chemicals in large amounts. If using the Safety Department's Animal Tissue Disposal
Service, note the presence and quantity of any toxic chemical.
8.3.d Radioactive Animal Tissue
Packages of animal tissue and carcasses that contain radioactive materials must be
properly labeled for their radioactive constituent and disposed of following guidance in
the University's Radiation Safety Regulations. These regulations are available from
Safety and a summary of the guidelines is found at
http://www.fpm.wisc.edu/safety/Radiation/waste%20disposal.pdf.

The Wisconsin
Veterinary Diagnostic Laboratory
(WVDL) has a
caustic tissue
digester which can
be used to dispose
of large animal
carcasses or large
masses (i.e., 1000 4000 lbs) of tissues
for 250 per pound.

8.4 Caustic Tissue Digestion
The United States Department of Agriculture has recently placed a caustic tissue
digester at the University of Wisconsin Veterinary Diagnostic Laboratory (WVDL) in
Madison. This is the first large volume mobile digester to come on line anywhere in
the country and will remain stationed at the WVDL unless needed in an emergency
situation elsewhere in the upper Midwest.
Caustic tissue digestion (i.e., decontamination with hydroxide) isn't a new
technology. The digester is, in simplest terms, a large stainless steel vessel that
when operated is heated to 177 °C (350 °F) and pressurized to 55 psi. It can process
loads up to 1,800 kg (4000 pounds) of tissue. The procedure is to add enough potassium
hydroxide (KOH) to make the solution basic, heat the solution with steam and digest
(i.e., process) for up to six hours. Under these conditions, proteins are cleaved to small
peptide chains, complex sugars to monosaccharides and fats to fatty acids and
triglycerides. This process destroys any bacterial, viral or prion contaminant, and
results in a slurry that is drained and disposed of by the Madison Metropolitan Sewerage
District. The mineral portion of the bone and slow-digesting cellulose remain in the
vessel and are sent to a landfill.
The digester can run a minimum load of 455 kg (1000 lb.) and a maximum load
of 1800 kg (4000 lb.) of tissue daily. Because the WVDL does not have a staging
area or freezer to hold samples between runs, loads will be scheduled and it is best if
customers submit tissue quantities within these weight limits. Please call to make
batch coordination arrangements if you have tissues to dispose of that are outside
these constraints.
8.4.a Prohibited Material
No aluminum. One thing that absolutely cannot go into the vessel is aluminum. In the
presence of this metal, hydroxide evolves into explosive hydrogen gas. Make
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sure that no beverage cans or foil are mixed in with tissues. Although small amounts of
other metals are allowable, larger quantities should be disposed by other means.
Cellulose. Caustic digestion works poorly with cellulose and other highly
branched polysaccharides. Paper and hay take longer to digest than animal tissue.
Therefore, these materials generally come out of the process looking like they did
when they went in, and anything contained in wood or cardboard will not fully
digest. A few stray blades of grass are not a problem, however, dispose of large
amounts of cellulose by contracting with a medical waste incineration facility (call
the Safety Department for information).
Plastic. Another problem for caustic digestion is plastics. Some polymers will
digest properly, but others turn into a material that can foul pipes when heated. Many
plastics won't react at all. Please use the table in Annex 9-2 to find a source of plastic
containment that meets your needs and can be digested. Tissues sent in traditional
polypropylene or vinyl bags will have to opened, the contents dumped and the plastic
sent to a medical waste incinerator. There will be an added expense for this procedure.
Please contact WVDL with any questions about disposal to avoid problems and
additional charges.
Solvents. Many organic solvents, such as formaldehyde and acetone, are unstable
Do not dispose of
hazardous waste
when placed under pressure. A few milliliters of solvent (e.g., up to 10%) is fine, but
with animal tissues, call WVDL (262-5432) before submitting tissues that contain less than ninety nine
if in doubt, call
WVDL at 262-5432. percent water. Most pesticides are destroyed by caustic hydrolysis, but first generation
organochlorides such as DDT or Aldrin present problems. Finally, large amounts of
hypochlorite bleach will tarnish the steel equipment and should be avoided in samples.
8.4.b Additional Information
Caustic digestion is a safe, effective and environmentally sound way of destroying
tissue. It is one of the only proven methods of destroying / neutralizing prion infectivity
which may exist with CWD in deer and BSE in cattle. Additionally, it can also be used
to efficiently dispose of animal carcasses. The current in-state fee of $0.25 per pound
makes digestion the least expensive method for animals that cannot be rendered (e.g.,
dogs, cats, goats, sheep, etc.). If you have any questions about submitting materials for
digestion, contact:
 Al Lathrop (al.lathrop@wvdl.wisc.edu) or
 Stephen Rutta (stephen.rutta@wvdl.wisc.edu)
at the WVDL, 6101 Mineral Point Road, Madison, WI 53705, or call (608) 262 —
5432 between 8:00 AM and 4:30 PM.
Do not wash urine,
feces or blood into
a storm sewer.

8.5 Sanitary Sewer and Normal Trash
In general, the urine and feces of laboratory animals can be disposed of in the sanitary
sewer (if liquid) or the normal trash (if it is solid or absorbed onto bedding).
Wastewater from washing animal care facilities and larger volumes of urine, animal
blood and fluids should be washed into the sanitary sewer. The sanitary sewer leads to
the Madison Metropolitan Sewerage District's treatment plant. Do not wash urine,
feces or blood into a storm sewer, which leads directly to a lake, untreated. Nearly all
outdoor drains are storm sewers.
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For other non-biohazardous animal bedding and urine and other animal fluids that
are completely absorbed onto bedding or other adsorbents, use the dumpster for normal
trash at your building's loading dock.
Manure from campus livestock is disposed of separately and is used as fertilizer by
the University. Keep manure free of any surgical instruments, needles, veterinary
supplies or non-degradable materials.

8.6 Plants used in Research and Teaching
Plants and plant components do not fall under this chapter, however researchers may
have questions regarding proper disposal. Most plants used in research and teaching at
UW-Madison can be disposed of by normal means, such as by composting. However,
the following plants used in growth chamber and greenhouse studies must be rendered
nonviable prior to composting or disposed of by incineration:





plants regulated by the U.S. Animal and Plant Health Inspection Service (APHIS)
plants made transgenic via recombinant DNA technology
plants into which recombinant DNA molecules have been introduced
Plants with associated recombinant microbes or arthropods.

Please contact the Office of Biological Safety with any questions regarding these
potentially biohazardous materials.

8.6 Review Questions
1.
a.
b.
c.
d.
e.

On the pink Animal Tissue Disposal form, you should list:
Infectious agents (biohazards) present in the waste, whether naturally or experimentally infected
Toxic chemicals and an estimate of their quantity
Radionuclides and activity present
All of the above
a) and b), plus any handling precautions

2. If you have animal carcasses for disposal that are contaminated with radioactive materials, you
should:
a. Treat them as you would treat biohazardous waste
b. Consult the University Radiation Safety Regulations binder
c. Consult your laboratory's Chemical Hygiene Officer
d. Send them to an approved landfill
3. Lab animal tissue that is preserved (pickled) in formaldehyde is properly disposed of by:
a. The normal trash
b. Bag them, box them, freeze them, attach a completed pink form to the box, call Safety for pick-up,
and bring them to your building's loading dock on the morning of pick up
c. In a fume hood, drain the solution into the sanitary sewer, rinse tissue thoroughly with water, then
dispose of the tissue according to the Safety Department's Animal Tissue Disposal Service
d. None of the above
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4. Biohazardous animals and animal wastes are animals and animal wastes that contain:
a. Agents assigned to Biosafety Level 2 or 3 according to Biosafety in Microbiological and Biomedical
Laboratories
b. Agents assigned to Biosafety Level 1, 2 or 3 according to Biosafety in Microbiological and
Biomedical Laboratories
c. Radioactive material
d. Carcinogens or other toxic chemicals
e. Any of the above
5. Wastes that are unacceptable for incineration in a campus animal tissue incinerator include:
a. Sharps containers and human tissue
b. Lab glassware and bulk blood or body fluids
c. Laboratory chemicals, microbiological cultures and stocks and animal handling equipment
d. All of the above
6. For disposal of animal carcasses that weigh less than 40 pounds "properly packaged" means::
a. Bagged, boxed, frozen solidly with the proper disposal form attached and set out on the loading
dock on the proper morning
b. Bagged, boxed and hauled to the loading dock for pickup by Safety
c. Packed into a box with the bedding material, frozen and placed on the loading dock on the proper
morning
d. Bagged, frozen solidly with the proper disposal form attached and set out on the loading dock on
the proper morning
7. Larger animal carcasses can be disposed of by the Safety Department if:

a.
b.
c.
d.

If less than 175 pounds, are delivered to the Walnut Street incinerator
They are approved by the waste management supervisor
If more than 175 pounds and not infectious are sectioned to fit in the incinerator
All of the above

8. Medical wastes can be disposed of in which facility?
a. The Walnut Street animal tissue incinerator
b. The normal trash
c. Madison Energy Recovery Incorporated's facility
d. Building animal tissue incinerators

University of Wisconsin-Madison Safety Department (608) 262-8769

Laboratory Animals and Animal Tissue Disposal

203

Annex 8-1. Animal Tissue Disposal Flow Chart
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Annex 8-2. Caustic Tissue Digestion Bags

Sources of Plastic and Bags Acceptable for Caustic Tissue Digestion
Company / Contact

Product / Size*

Associated Bag Company
400 West Boden St.,
Milwaukee, WI 53207
(800) 926-6100
www.associatedbag.com

19-1-04 Water Soluble Laundry Bag
(1.25 mil), 36" X 39"

General Plastic Extrusions, Inc.
1238 Kasson Drive
Prescott, WI 54021
(800) 532-3888
(715) 262-3836 (FAX)
www.generalplastic.com

EMAC (Ethylene-Methyl Acrylate
Copolymer) bags

Phoenix Industries
216 Little Falls Rd
PO Box 38
Cedar Grove, NJ 07009
(973) 857-3930

Polyethylene bags
38" X 65"
9" X 18"
24" X 32"
30" X 38"

Waste Reduction by Waste
Reduction, Inc.
2810-D Fortune Circle West
Indianapolis, IN 46241
(317) 484 —4200
(317) 484-4201 (FAX)
www.wr2.net

20168 Orex bags, red, 30" X 40",

Comment
Use only for frozen
samples; will 'melt at
body temperatures.

Requires mineral oil to be
added to the digestate to
keep the plastic in solution.
Please call before using
this alternative.

20166 NDP bags, red, 10" X 14"
21543 Clear PVA bags, 23.5" X 23"
PVA drawstring bags, red with
biohazard decal

*Prices will vary, check prices when ordering
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Chapter 9
Bloodborne Pathogens, Sharps and Medical Waste
Bloodborne pathogens are microorganisms that are present in blood, tissue, blood
products, and other potential infectious materials (OPIM) defined by the CDC as
semen, vaginal secretions, cerebrospinal fluid, pleural fluid, peritoneal fluid, pericardial
fluid, amniotic fluid, synovial fluid, breast mils (not all authorities agree) and saliva in
dental procedures. Workers who have occupational exposure to blood and OPIM are at
risk for acquiring bloodbome infections. Workers in many different occupations are at
risk of exposure These include: first aid team members, laboratory personnel,
housekeeping personnel in some settings, and nurses. The level of risk depends on the
number of infected patients in the facility, the frequency and duration of exposure to
contaminated material, and the likelihood that a single exposure will result in infection.
OSHA estimates that 5.6 million workers in the health care industry and related
occupations are at risk of occupational exposure to bloodbome pathogens, including
HIV, hepatitis B virus (HBV), hepatitis C virus (HCV), and other potentially infectious
materials (OPIM). In 1991, OSHA issued the Bloodborne Pathogens Standard to protect
workers from this risk. In 2001, OSHA revised the Bloodbome Pathogens Standard to
clarify the need for employers to select safer needle devices, involve employees in
identifying and choosing these devices and to maintain a log of injuries of injuries from
contaminated sharps.
This chapter will then review the Bloodborne Pathogens Program and discuss
methods for disposing of waste streams such as sharps, hazardous glass and medical
wastes which may be generated in research labs.

9.1 Bloodborne Pathogens Program
Bloodborne pathogens encompass a variety of threat agents and injury pathways.
Workers are covered by this program if it is reasonably anticipated that they could be
exposed to bloodborne pathogens as a result of performing their job. The UW
Bloodborne Pathogen Program is contained in the Bloodbome Pathogens Reference
and Training Manual. Contact the Occupational Health Officer, 263-2177, or go to the
Occupational Health web page (http://www.fpm.wisc.edu/occhealth/) to review the
on-line training manual. The program has several major components.
 Designating persons in each department or work group to implement the Bloodborne Pathogens Program within that group.
 Establishing an Exposure Control Plan for the department or work group.
 Providing personnel protective equipment and engineered controls for employees
at risk for exposure.
 Identify and train employees at risk for exposure to bloodborne pathogens.
 Train in the correct use of appropriate personnel protective equipment and
engineered controls as well as safe work practices (e.g., hand washing, no
recapping of needles by hand, etc.) for the work site
 Provide hepatitis B vaccine for employees at risk for occupational exposure to
human blood or other potentially infectious materials.
 First aid procedures if worker receives a biohazardous exposure (e.g., puncture,
laceration, splash to mucous membrane, etc.)
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 Procedure to notify supervisor and seek medical care as soon as possible after
an exposure has occurred
 Employees must be retrained annually and the training documented
 Reviewing the control plan annually and monitoring compliance.

Bloodborne
diseases include:

hepatitis B

hepatitis C

human
immuno-deficiency
virus (HIV)

9.1.a Bloodborne Diseases
Bloodborne diseases with a occupational exposure potential include non-A hepatitis,
non-B hepatitis, hepatitis B and hepatitis C as well as syphilis, malaria and human
immunodeficiency virus. Many of these diseases currently have no cure, emphasizing
the need for worker protection. The three most significant are hepatitis B (HBV),
hepatitis C (HCV) and human immunodeficiency virus (HIV).
Hepatitis B (Hep B or HBV)
Hepatitis B virus causes the most serious form of viral hepatitis, commonly called
serum hepatitis. Is the major infectious bloodborne hazard faced by health care
workers. Approximately 300,000 cases of HBV infection are reported each year in the
US. It infects approximately 8,700 health care workers annually, resulting in more
than 400 hospitalizations and 200 deaths.
Hepatitis B is spread predominantly through exposure to blood or OPIM by the
parenteral route (i.e., inoculation through the skin), from an infected mother to her
unborn infant (transplacental) or via sexual contact. Certain groups of people are at
higher risk of HBV infection than the general population. This includes:
 health care workers having frequent contact with HBV-infected blood
 past recipients of blood or blood products
 intravenous drug abusers
 persons with multiple sex partners
 residents of institutions for the developmentally disabled
 infants born to mothers with HBV infection
 immigrants from areas where many people have HBV
The most common mode of transmission of HBV to health care workers is by
accidental needle sticks or other contaminated sharps injuries.. An unimmunized
individual has a 6% to 30% chance of becoming infected following a hepatitis B needle
stick injury. Infection following mucous membrane contact of the eye (conjunctiva) or
mouth with blood or OPIM, or through human bites can also occur. The transmission
rate is high because HBV is present in high numbers in the blood of infected patients.
Because HVB is quite stable, transmission by means of environmental surfaces that
may contact mucous membranes or open skin breaks can occur, especially in areas that
have significant blood contamination such as clinical laboratories and hemodialysis
clinics. While the risk of transmission may appear high, the annual number of HBV
cases among health care workers has been steadily decreasing because of the use of the
HBV vaccine and improved medical follow-up after an occupational exposure.
The incubation period, following infection, is 4 to 28 weeks. Symptoms commonly
associated with acute hepatitis B infection include headache, malaise, loss of appetite,
nausea and occasional vomiting, moderate fever and chills. Urine may become dark
and stool light or clay colored. Icterus (yellowing of the sclera - whites of the eyes)
may, or may not, occur. Most patients either develop immunity (87 - 90%) and clear
the infection or become chronic carriers (7%) with no associated symptoms. One to 3%
will develop rapidly progressive, fatal liver disease. The
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remaining 3% develop chronic, active hepatitis and are at increased risk of developing
cirrhosis, liver cancer, or both.
Hepatitis C (Hep C or HCV)
Hepatitis C has only recently been recognized as the predominant agent of non-AnonB hepatitis. HCV is spread predominantly through exposure to blood or OPIM by the
parenteral route (inoculation through the skin). Transmission from an infected to her
unborn infant (transplacental) may occur, but transmission via sexual contact appears
to be inefficient. HCV is the most common cause of post-transfusion hepatitis.
Persons at high risk for HCV infection include intravenous drug abusers and past
recipients of blood or blood products. Health care workers do not have an increased
risk of acquiring HCV than the general population, however, acquisition of HCV by
health care workers has occurred via needle sticks or other sharps injuries. In one
study, 4% of employees who sustained a known HCV needle stick injury developed
HCV infection. The risk of exposure to contaminated environmental surfaces has not
been fully investigated, but is likely to be minimal because of the low concentration of
virus in the blood.
The incubation period, following infection, is 2 weeks to 6 months. The clinical
signs and symptoms of acute HCV infection cannot be distinguished from those of
other types of acute viral hepatitis (e.g., HBV). Chronic liver disease develops in 50%
of individuals with acute HCV infection. About 20% of those with chronic liver
disease will develop chronic active hepatitis which is associated with an increased
risk of cirrhosis and liver cancer.
Human Immunodeficiency Virus (HIV)
HIV, the etiologic agent of AIDS, is spread predominantly through exposure to blood
or OPIM by the parenteral route (inoculation through the skin), from an infected
mother to her unborn infant (transplacental) or via sexual contact. Persons at high risk
of becoming infected with HIV include homosexual and bisexual males, intravenous
drug abusers, heterosexuals with multiple sex partners, and hemophiliacs and other
people who received blood or blood products before routine screening for HIV
antibody began. Health care workers account for less than 5% of the reported AIDS
cases each year, and many of these individuals report nonoccupational risk factors.
The most common mode of workplace transmission of HIV to health care
workers is by inadvertent needle sticks or other contaminated sharps injuries. An
individual has about a 0.4% chance of becoming infected following an HIVcontaminated needle stick injury. There are documented cases of HIV acquisition via
exposure of non-intact skin to HIV-containing blood. Contaminated environmental
surfaces are an unlikely source of transmission because there is a low concentration of
virus in the blood of infected individuals, especially during the latent period.
In some individuals, a flu-like illness occurs within 1 to 6 weeks after exposure to
the virus. Fever, sweats, malaise, muscle pains, loss of appetite, nausea, diarrhea and a
sore throat are common symptoms. After a long (i.e., 7 - 10 years), symptom-free
latent period, HIV infected individuals become symptomatic with development of
enlarged lymph nodes, malaise, headache or diarrhea. AIDS develops when the HIV
has destroyed many of the immune cells that provided protection. Individuals with
AIDS develop certain types of tumors or infections caused by opportunistic
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bacteria, fungi, viruses, and parasites that infrequently cause infections in otherwise
healthy people. These opportunistic infections are the usual cause of death. AIDS is
uniformly fatal.
9.1.b Exposure Control Plan
The consequences of bloodborne diseases are quite serious. For that reason, the
OSHA requires a
OSHA Bloodborne Pathogens Standard requires that every employer with employees
written exposure
at occupational risk of exposure to bloodbome pathogens "establish a written control
control plan which:
 Identifies employ- plan designed to minimize or eliminate employee exposure." The plan must:
ees at risk.
 identify all employees with occupational exposure
 Specify measures  specify measures which must be taken to minimize exposure risk
to reduce risk.
 develop procedures for evaluating exposure incidents
 Develop procedures to evaluate
incidents.

Under OSHA, an occupational exposure is defined as "reasonably anticipated skin,
eye, mucous membrane, non-intact skin, or parenteral contact with blood and other
potentially infectious materials (OPIM) that may result from the performance of an
employee's duties."
Given that definition, let’s review some of the occupational exposure risks.
Bloodborne pathogens may be present in:
 Body fluids such as saliva, semen, vaginal secretions, cerebrospinal fluid,
synovial fluid, pleural fluid, peritoneal fluid, pericardial fluid, amniotic fluid and
any other body fluids visibly contaminated with blood.
 Saliva and blood contacted during dental procedures.
 Unfixed tissue or organs other than intact skin from living or dead humans.
 Cell or tissue cultures that contain these pathogens.
 Organ cultures, culture media or similar solutions.
 Blood, organs and tissues from experimental animals infected with bloodborne
pathogens.
Besides being in many types of fluids and tissues, bloodbome pathogens may enter
the body and infect workers through a variety of means including:
 An accidental injury by a sharp object contaminated with infectious
material. These "sharps" include:

needles

scalpels
 broken glass

exposed ends of dental wires

anything that can pierce, puncture or cut the skin
 Open cuts, nicks and skin abrasions, even dermatitis and acne, as well as
mucous membranes of your mouth, eyes or nose.
 Indirect transmission, such as touching a contaminated object or surface
and
transferring the infectious material t your mouth, eyes, nose or open skin.
 Contaminated environmental surfaces may be a major mode of transmission in
certain settings. Some pathogens can survive on environmental surfaces dried and
at room temperatures for at least one week. Surfaces and objects can be heavily
contaminated by substances, such as serum or plasma, without visible signs.
Exposure Determination
The first step in the is to determine which employees may be occupationally exposed
to blood or OPIM. This determine is made without regard to the use of personal
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protective equipment (i.e., employees are considered to be exposed even if they wear
personal protective equipment). OSHA requires a listing, by job classifications in
which all employees may be expected to incur such exposure, regardless of frequency
(e.g., nurse, doctor, police, etc.) and a listing of job classifications in which some
employees may have occupational exposure. Since not all of the employees in this
latter listing would be at risk, the specific task or procedure which would cause the
employee to have occupational exposure is also listed (e.g., analyze blood samples in
laboratory).
9.1.c Methods of Compliance
Workers are protected by controlling their risk of exposure. This control can be
accomplished by using both administrative and engineering controls.
Universal Precautions
It is not possible to identify every patient who may transmit infection. Many people
carry bloodborne pathogens without visible symptoms, many may not even be aware
they are infected. For some of these agents, it takes just one exposure to become
infected. Universal precautions require workers to treat all human blood and certain
human body fluids as if they were known to be infected with bloodborne pathogens.
These universal precautions do not only apply in a clinical setting, in research these
other potentially infectious materials (OPIM) include any unfixed human tissue or
organ, HIV cell or tissue cultures, organ tissue cultures, and HIV-, HBV- or HBCcontaining culture media or other solutions and blood, organs, or other tissues from
experimental animals infected with HIV, HBV or HCV
Engineering Controls
Engineering controls are physical or mechanical systems designed to eliminate or
minimize employee exposure. Engineering controls should be the primary method
to reduce the hazard. Examples of engineering controls include:
 puncture-resistant sharps containers
 recapping devices and self-sheathing needles
 biosafety cabinets
 autoclaves
 handwashing stations
Remember, the effectiveness of engineering controls depends upon the worker. A
sharps disposal container provides no protection if you recap needles by hand and
toss them in a waste basket.
Work Practice Controls
While engineering controls are designed to isolate or physically eliminate the
hazard, work practice controls change the manner in which high risk activities are
performed. These controls are specific procedures workers follow to reduce
 Hand washing.
 Personal hygiene. exposure to bloodborne pathogens.
Work practice
controls include:
 Needle sticks

 Personal protective equipment.

Needle sticks. As a general rule, do not recap needles by hand. To avoid needle
sticks:
 Do not bend, hand-recap, shear or break contaminated needles and other sharps.
 recap or remove contaminated needles from disposable syringes only when
medically necessary. To recap needles, use a mechanical device or a one-handed
technique.
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Place contaminated sharps in an appropriate puncture-resistant, leak-proof
container immediately after use.

 Report any sharps containers that are mounted too high or otherwise not easily
accessible.
Handwashing. If infectious material gets on your hands, the sooner you wash it off,
the less chance you will have of becoming infected.
 Handwashing keeps you from transferring contamination from your hands to
other areas of your body or other surfaces you may contact later.
 Every time you remove your gloves, you must wash your hands with nonabrasive
soap and running water as soon as possible.
 If skin or mucus membranes come in direct contact with blood, wash or flush
with water as soon as possible.
 Where handwashing facilities are not available, antiseptic hand cleanser or
antiseptic towelettes should be provided. Use these as temporary measures only
and wash your hands with soap and running water as soon as possible.
Personal Hygiene. In work areas where there is a reasonable likelihood of exposure
to blood or OPIM, additional self-protective controls should be followed:
 Do not eat, drink, apply cosmetics or lip balms or handle contact lenses where
you may be exposed to blood or other potentially infectious materials.
 Food and beverages are not to be kept in refrigerators, freezers, shelves, cabinets
or on counter tops or bench tops where blood or other potentially infectious
materials are present.
 Mouth pipetting / suctioning of blood or OPIM is prohibited.
 When doing procedures that involve blood or OPIM, minimize splashing, spraying, splattering and droplet generation. For example, when removing a specimen
tube rubber stopper, cover it with gauze to reduce the chance of splatter.
 Avoid petroleum-based lubricants that may eat through latex gloves. Applying
hand cream is acceptable if you thoroughly wash your hands first.
Personal Protective Equipment (PPE)
Personal protective equipment is equipment that protects you from contact with
potentially infectious materials. It includes: gloves, gowns, face shields, masks,
protective eyewear, mouthpieces and resuscitation bag or other ventilation devices.
Under normal work conditions, protective equipment must not allow potentially
infectious materials to contact your work clothes, street clothes, undergarments,
skin, eyes, mouth or other mucous membranes under normal conditions of use and
for the duration of time which the protective equipment will be used.
If your job requires you to be exposed to bloodborne pathogens, your employer
will provide appropriate protective equipment and will clean, launder, repair, replace
or dispose of protective equipment at no cost to you.
Just having PPE is not enough, there are a few general rules you must follow to
insure your protective equipment does the job it was designed to do.
 You must be trained to use the equipment properly.
 Protective equipment must be appropriate for the task and you must use the
equipment each time you perform a task.
 Your equipment must be free of physical flaws that could compromise safety.
 If, when wearing equipment, it is penetrated by blood or OPIM, remove it as
soon as possible.
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Before leaving the work area, remove all protective equipment and place it in
the designated area or container for washing, decontamination or disposal.

Personal protective equipment should always be worn. However, if you believe
using a piece of protective equipment would prevent proper patient care or jeopardize your safety or a co-worker's, you may temporarily and briefly abandon its use in
an emergency. After the incident, your supervisor must investigate the circumstances
to determine if such a situation could be prevented in the future.
Gloves are the most widely used form of PPE. They act as a primary barrier
between your hands and bloodborne pathogens. Latex or vinyl gloves are used for
medical, dental or laboratory procedures. Heavy duty utility gloves may be used for
housekeeping duties. There are some general guidelines for proper use.
 You must wear gloves when you anticipate hand contact with blood,
potentially infectious materials, mucous membranes or non-intact skin.
 If you are allergic to latex or vinyl gloves, tell your supervisor and you will
be given hypoallergenic gloves, glove liners, powderless gloves or another
alternative.
 Since gloves can be torn or punctured by sharps, bandage any cuts before putting
on gloves.
 Replace disposable single-use gloves (e.g., surgical or examination gloves) as
soon as possible if contaminated, torn, punctured or damaged in any way. Never
wash or decontaminate gloves for reuse.
 Utility gloves may be decontaminated and reused unless they are cracked,
peeling, torn, punctured or no longer provide barrier protection.
Not only are there guidelines for wearing gloves, but you must also follow a
safe procedure for glove removal, being careful that no substances from the soiled
glove contacts your hands.
 With both hands gloved, peel one glove off from top to bottom and hold it in
the gloved hand.
 With the exposed hand, peel the second glove from the inside, tucking the
first glove inside the second.
 Dispose of the entire bundle promptly.
 Remove gloves when they become contaminated, damaged or before leaving
the work area.
 Wash hands thoroughly.
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Good Housekeeping
Good housekeeping protects everyone and it is every worker's responsibility. Don't
think removing a hazard is someone else's job. A contaminated sharp carelessly
discarded in a normal trash can jab housekeeping or others who must handle that
item.
Supervisors are responsible to assuring that the work site is maintained in a clean
and sanitary condition. All equipment and environmental surfaces must be properly
cleaned and disinfected after contact with blood or OPIM. All bins, pails, cans and
similar receptacles intended for reuse, which have the potential for contamination,
must be inspected and decontaminated n a regular basis.
Your facility's exposure control plan will list housekeeping specifics. Some
general guidelines to help insure a safe worksite:
 Clean and decontaminate at the end of each workshift. Clean all equipment and
environmental working surfaces as soon as possible after contact with potentially
infectious materials.
 Replace protective coverings (e.g., aluminum foil, plastic wrap, etc.) on equipment or surfaces at the end of the workshift, or immediately after the surface is
contaminated.
 Do not pick up broken glass which may be contaminated directly with gloved
or bare hands, use tongs, forceps or a dustpan and brush.
 Place contaminated sharps and infectious wastes n designated sharps containers.
They should be labeled or color-coded leak-proof containers that are closable and
easily accessible to those who use them. Do not overfill containers.
 Handle contaminated laundry as little as possible and with minimal agitation.
Place soiled laundry in labeled or color-coded leak-proof bags or containers
without sorting or rinsing. Potentially contaminated laundry should not be
washed in work areas.
 Closable containers or bags that are designed to prevent leakage of fluids during
handling, storage, transport or shipping must be provided for disposal of potentially infectious waste or specimens.
 Containers with biohazardous waste must be color coded or identified with a
label. Once decontaminated, the labeling must be defaced or marked to indicate
that the contents have been rendered noninfectious.
Remember, warning signs are designed to alert you to possible hazards. Read the
label and observe precautions for appropriate hazards.
 The biohazard label must be fluorescent orange or orange-red with lettering or
symbols in a contrasting color.
 Bags or containers bearing the biohazard sign tell you the container holds blood
or other potentially infectious material.
 Warning labels are also used to designate contaminated equipment.
 A fluorescent orange-red biohazard sign on a door indicates that HIV, HVB,
HCV or other biohazardous work takes place within. The sign lists special
requirements for entering the facility.
9.1.d HIV and HBV Research Labs
Research labs which use HIV or HBV are required to adhere to practices outlined by CDC
and NIH for biosafety level 2 (BL-2) labs. Specific information regarding
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these practices is available from either the Occupational Health Office (263-2177) or
the Office of Biological Safety (263-2037).
HIV or HBV research labs are required to have a handwashing facility and an eye
wash station which is readily available within the work area. These labs must also
have an autoclave available for decontamination of regulated.
Because of the risk inherent from exposure to these agents, additional training
requirements are placed on these labs.
 Supervisors must assure that all employees demonstrate proficiency in standard
microbiological practices and techniques and in the practices and operations
specific to the facility before being allowed to begin work with HIV or HBV.
 Supervisors must assure that employees have prior experience in handling of
human pathogens or tissue culture before working with HIV or HBV.
 Supervisors must provide a training program to employees who have no prior
experience in handling human pathogens. Initial work activities shall not include
the handling of infectious agents.

The UW provides
hepatitis B vaccine
to all employees
who have exposure
to human blood or
OPIM at their work
site.

9.1.e Hepatitis B Immunization
The UW provides, at no cost, hepatitis B vaccine to all employees who have
exposure to human blood or OPIM during the course of performing their duties.
Immunizations are offered after the worker has received training and within 10 days
of initial assignment. Workers are instructed on the efficacy, safety, method of
administration, and benefits of the immunization. The vaccine is safe and effective:
 Vaccines now used are made from yeast and cannot be infected with HIV or other
bloodborne pathogens.
 The complete series of HBV vaccinations is 85 to 97% effective at protecting
workers from getting the disease or becoming a carrier for 9 years or longer.
The vaccine is not mandatory. If workers do now want to receive the hepatitis B
vaccine, they must sign a declination form. There are persons who should not be
vaccinated.
 Workers have already received the complete hepatitis B vaccination series.
 Antibody testing reveals the worker is immune.
 Specific medical reasons preclude vaccination.
The employee may, at any time, request the vaccine, even if they have previously
declined. Records of the immunization of all employees are kept by the Occupational Health Officer in the Safety Department.
9.1.f Post-Exposure Evaluation and Follow-Up
Prompt evaluation and treatment is essential for exposures. If you are exposed,
report the incident immediately to your supervisor. A confidential post-exposure
medical evaluation and follow-up are required immediately following an exposure
incident (i.e., "a specific eye, mouth, or other mucus membrane, non-intact skin or
parenteral contact with blood or other potentially infectious material."), some of the
components of this confidential post-exposure medical evaluation, follow-up and
counseling includes:
 Documentation of the route(s) of exposure, including the date and time of
exposure, and the job activity being performed.
 Identification of the source individual, including a blood test to determine the
source individual's HBV and HIV antibody status.
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 An employee blood test for HBV and HIV or retention of a baseline serum specimen for 3 months following the exposure incident.
 Post-exposure prophylaxis as medically indicated.
 Counseling and evaluation of reported illnesses to include a written assessment of
the employee's risk and recommended follow-up due to an exposure incident
which is given to the employee within 15 days of the exposure.

Documented training covering all
hazards is essential
to insuring a safe
work place.

9.1.g Employee Training
OSHA requires that all employees with occupational exposure potential participate
in a training program during working hours which will be provided at no cost to the
employee. The training must be at the time of initial assignment and at least
annually thereafter. The training must include:
 an accessible copy of the OSHA rules and regulations;
 an overview of bloodborne pathogens;
 an explanation of the institution's exposure control plan;
 identification of high risk procedures and situations; information of the types,
proper use, location, removal, handling, decontamination, and disposal of
personal protective equipment;
 an explanation of the benefits, risks, and free availability of the hepatitis B
vaccine;
 information about the UW's post-exposure protocol;
 an explanation of the signs and labels and/or color coding used to identify
hazards;
 an opportunity for interactive questions and answers with the person conducting
the training.
The supervisor must keep a record of all training given, including a summary of the
session's contents, the names and qualifications of the trainers, and the names and
job titles of all persons attending the sessions. Records of training must be
maintained for 3 years from the date training occurred.

9.2 Safe Handling of Human Blood and Other Potential
Infectious Material (OPIM) in Laboratories
IMPORTANT: If your work at the University of Wisconsin-Madison requires
you to work with human blood or other potential infectious human
material (OPIM) for the Bloodborne Pathogens [HIV, hepatitis B,
hepatitis C] you must be part of the UW-OSHA Bloodborne Pathogens
Program. If you are not a part of this program, please contact Occupational Health — Safety Department, UW-Madison at (608) 263-2177 as
soon as possible. There are Federal and State requirements for the
potential risk of exposure to human blood and OPIM in the workplace.
These requirements must be in place prior to any work with these
materials.
Blood and other body fluid specimens from all persons are considered infective.
Specimens should be placed in a well-constructed container with a secure lid to
avoid leakage. Contamination of the outside of the container or the laboratory form
should be avoided. Personnel who process specimens should wear gloves. Other
barrier precautions such as buttoned lab coats, cover gowns, fluid resistant aprons
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should be used as needed if splashing or aerosolization is anticipated. Biologic
safety cabinets should be used for procedures that are likely to generate droplets or
aerosols. After specimen processing, gloves should be changed and hands washed.
Mechanical devices should be used for pipetting; mouth pipetting should never be
done. Laboratory work surfaces and laboratory equipment should be decontaminated with an appropriate chemical germicide after blood or body fluid spills and
when work is completed. Before leaving the laboratory, personnel should remove
protective clothing and wash their hands
Cleaning of environmental surfaces should be done after contamination by any
human body fluid; special cleaning is not required for patients with bloodborne
pathogen infections. Horizontal surfaces should be cleaned when spills or soilage
occurs. EPA-registered disinfectant-detergents should be used. Spills of blood or
body fluids should be cleaned up immediately. Personnel should wear gloves. Broken
glass and any other sharp objects should first be removed using tongs or forceps and
placed in a sharps container. Then, visible fluid should be wiped up, the absorbent
materials discarded as infectious waste, and the area decontaminated with a chemical
germicide that is approved for hepatitis and HIV and EPA approved as a disinfectant.
For large spills, the contaminated area should be treated first with the chemical
germicide and then cleaned and fresh germicide used for decontamination.
9.2.a Potential Sources and Routes of Laboratory Infection
HIV, hepatitis B and hepatitis C viruses have been detected in blood, blood components, urogenital secretions, urine, saliva, and cerebrospinal fluid. Of these
materials, human blood presents the greatest potential for transmitting infections.
Potential routes of infection are considered to be the inadvertent introduction of
bloodborne pathogens by parenteral or percutaneous inoculation and direct contact
with skin broken by cuts, scratches, abrasions, or dermatitis, as well as exposure of
mucous membranes to droplets. Certainly, direct inoculation from contaminated
needles, instruments, or broken glassware presents the greatest hazard in the work
place, and the utmost care to avoid skin puncture should be exercised if it is necessary to handle such materials.
9.2.b General Precautions
Appropriate precautions must be followed when handling human blood, blood
products and body fluids, as well as certain tissues. The extent of precaution
depends on the degree of exposure. The full complement of precautions should be
utilized when handling known HIV- or hepatitis-infected materials or large quantities of blood.
Good quality disposable gloves should be worn to avoid skin contact with blood,
specimens containing blood, blood-soiled items, body fluids, excretions, and secretions. Gloves also reduce the possibility of skin penetration when handling any
specimen or utensil that contains or has been exposed to infectious agents. It is
important to remove gloves, wash hands and properly dispose of gloves as soon as an
operational phase is completed. Wearing contaminated gloves when handling
telephones, door knobs, or notebooks provides a mechanism for disseminating infectious material throughout the laboratory.
Fastened laboratory coats should be worn while working with potentially infectious materials and should be removed and left within the laboratory prior to exiting.
Eye protection and face masks should be worn for procedures where there is a
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possibility of splashing materials into the eyes, nose, or mouth. Use mechanical
pipetting devices for the manipulation of all laboratory liquids. Never mouth
pipette. Personnel should wash their hands frequently: after completion of laboratory activities, following removal of protective clothing (including gloves), and
before exiting the laboratory. Mechanical liquid soap dispensers are preferable to
bar soap. Hands should he kept away from the face and head area.
Biological safety cabinets or other containment (e.g., fume hood, if sterility isn't
needed) are recommended for certain aerosol-generating procedures involving clinical materials (e.g., blending, sonicating, vigorous mixing, and harvesting of tissues
from infected donors). Horizontal laminar flow cabinets (such as clean benches)
should never be used as containment devices since they do not afford operator
protection.
 Laboratory work surfaces should be chemically decontaminated with an appropriate disinfectant upon completion of work activities and following any spill of
potentially infectious material.
 All potentially contaminated laboratory materials should be collected in biohazard
containers and decontaminated, preferably by autoclaving or incineration, before
disposal. Glassware and other reusable items should be autoclaved prior to being
washed and reprocessed. Alternatively, immersion in an effective chemical disinfectant can be used as a decontamination procedure.
 Other aspects of specimen handling are addressed in the following sections as
well as in CDC's publications. Should a needle-stick or accidental inoculation
occur, encourage bleeding, followed by immediate, thorough washing and
cleansing of the wound.
9.2.c Specific Precautions
The precautions listed above are, with slight modifications, the basic requirements
for working safely in a laboratory. The basic goal is to avoid inoculation of disease
organisms through common routes of entry (e.g., inhalation, ingestion, injection,
absorption). Under certain conditions, additional precautions may be appropriate.

Specimen Receipt
 Incoming clinical specimens should be received in a designated area of the
laboratory by a staff member trained to handle and segregate such material. This
person should wear gloves and inspect parcels for leakage indicative of broken or
improperly sealed containers. If available, a biological safety cabinet or vented
hood should be utilized for handling damaged containers. Intact cartons can be
carefully opened on counters of impervious material that can be easily
decontaminated following manipulations.
 Broken tubes should be discarded in appropriate containers for decontamination.
 Leaking tubes or tubes with evidence of blood on the outside should be
handled with the utmost care when transferring contents.
 Patient information on contaminated labels or request slips should be recopied.
 All contaminated or soiled materials should be discarded in a biohazard bag
for suitable disposal.
 The work area should be cleansed with a chemical disinfectant after
specimen receipt and handling.
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Centrifuging Specimens
 Tubes containing blood should be capped and centrifuged in either sealed trunion
buckets (adapters are available for most centrifuges) or rotor heads with covers.
If such equipment is not available, blood should be spun in unbreakable, screwcapped tubes.
 After centrifugation, buckets, rotor heads, or screw-capped tubes should be
opened within a biological safety cabinet or fume hood, if available. If such
containment equipment is unavailable, care should be taken to minimize creating
aerosols when transferring blood elements.
 Centrifuges should be routinely cleansed with an effective, non-corrosive
disinfectant. If an accidental breakage of tubes containing known or suspected
agents should occur, allow 30-60 minutes for aerosol settling before opening the
centrifuge. Most centrifuge buckets can be decontaminated by autoclaving
following an accident, and other interior parts can be chemically disinfected.
 Laboratory workers should be aware that some centrifuges designed for
preparing blood films or fluids for cytological studies may disseminate hazardous
aerosols.
Automated Equipment
Specialized instruments and automated processors are used to perform biochemical,
immunological, and other laboratory assays. For the most part, these devices do not
present a significant risk of disseminating pathogenic organisms. However, some
procedures involved in the handling, preparation, and delivery of specimens can
create a potential for release of infectious material. It is prudent to wear gloves, to
clean and chemically disinfect all tubing periodically, and to assure that wash fluids
or reservoir contents are appropriately decontaminated (by chemicals or autoclave)
prior to disposal.
Some fluorescent cell sorters may generate droplets containing infectious agents.
Protective transparent shielding should be used between the operator and the source
of droplets. If test results are not affected, samples can be inactivated with buffered
formalin (1%) prior to assay.
Microplate Assays
The use of disposable microplates has become commonplace for many research
laboratory procedures. Manipulations such as inoculation, diluting, washing, and
harvesting involved in the use of these plates often produce splattering, spillage, and
dissemination of droplets. Users should wear protective gloves and clothing and,
when feasible, perform all test operations in a biological safety cabinet. If a cabinet is
not available, manipulations should be performed on plastic-backed paper. Plastic
plate covers are available to minimize spillage. Some manufacturers of microplate
systems supply automated titrators that reduce aerosol release. As yet, there are no
sealed buckets for centrifuging microplates, and care should be exercised to use
balanced plates when sedimentation is necessary.
9.2.d Disinfection, Decontamination, and Disposal
HIV, HBV and HCV are relatively unstable viruses and are susceptible to a wide
variety of disinfectants. The disinfectants listed below are effective against both
viruses and are recommended for decontaminating work surfaces and equipment and
for use after spills of potentially infectious laboratory materials. The choice of disinfectant depends on the situation.
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A sharp is an item
designed to cut or
puncture skin, such
as a hypodermic
needle.

Sharps include:
 Needles
 Syringes with
needles
 Scalpel blades
 Lancets
 Razor blades
 Contaminated
broken vials
 Contaminated
laboratory slides

Sodium hypochlorite (Clorox, common household bleach) at concentrations of
1:10 - 1:100 (i.e., 5000 - 500 ppm Cl) is an effective and inexpensive disinfectant. It is
recommended by CDC for both HIV and hepatitis viruses. However, it is corrosive to
metal, especially aluminum, and an alternative should be used for disinfecting
equipment constructed of these materials. Since hypochlorite is somewhat unstable
and easily bound by organic material (blood, mucous), fresh solutions should be
prepared daily or more often, as needed.
Some sources advise against autoclaving items soaked in pans of bleach to avoid
generating gaseous chlorine. An alternate disinfectant such as a quaternary
ammonium compound can be substituted when autoclaving. Other alternatives to
chlorine disinfectants are the iodophors (Wescodyne), the phenolic (Amphyl) and
glutaraldehyde (Cidex). These should be used according to the manufacturer's
instructions. Alcohol, because of its limited pathogen spectrum and volatility, is not
recommended for general use.
A laboratory policy should be established for decontamination and disposal of
blood specimens and products. If feasible, such items should be autoclaved prior to
disposal. Untreated blood tubes or blood-soiled materials should never be discarded
in normal trash for disposal by housekeeping personnel.
Other laboratory wastes and blood collection equipment should be decontaminated in a properly functioning autoclave that is regularly monitored with biological
spore strips. After decontamination, materials can be discarded in the normal trash,
provided that containers are designated as safe for housekeeping personnel to handle;
for example, color-change autoclave tape should be used, and the biohazard symbol
on the container should be defaced. Alternatively, incineration is an excellent method
for both decontamination and disposal of biohazardous materials.
Table 10-3 may provide useful disinfection information. Further questions
concerning blood handling should be addressed to the Occupational Health Office at
the Safety Department, 263-2177.

9.3 Sharps and Laboratory Glass Disposal
Needles, scalpel blades and other sharps can seriously injure you and your waste
handlers. There are specific requirements and standards for disposal of wastes, such
as sharps and other hazardous laboratory glass that can puncture skin. To help
prevent injuries, you need to segregate waste types and contain sharps by using
approved waste collection containers and follow correct disposal procedures.
Additional precautions are required for sharps and hazardous laboratory glass that are
contaminated with radioactive materials, hazardous chemicals, infectious agents or
human blood. UW Hospital and a few other campus entities have more stringent
sharps and glass disposal procedures. Use the disposal system established for your
building.
9.3.a Sharps and Laboratory Glass
Sharps and laboratory glass consist of three main waste types. The waste type determines the waste collection container required and method of disposal:


A Sharp is an item that is designed to cut or puncture skin. Sharps include
unused, disinfected or contaminated: needles, syringes with needles, scalpel
blades, lancets and razor blades. According to state law, broken vials and
laboratory slides contaminated with infectious agents or human blood are also
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sharps. Sharps must be disposed of in an approved, puncture resistant sharps
container.
Hazardous glass and plastic are other, non medical and uncontaminated laboratory items that may cause an injury if not contained. This waste type includes
Pasteur pipettes, other pipettes, pipette tips, slides, coverslips and broken or
fragile glass. These wastes must be disposed of separately in a suitable cardboard
box.
Other glass and plastic includes unbroken items that are unlikely to cause injury.
This waste type includes unbroken petri dishes, microtiter plates, sturdy test tubes
and bottles that have been emptied of stock laboratory chemicals and reagents.
These may be disposed of in the normal trash. If broken, these wastes must be
managed as hazardous glass and plastic.

Keep each of these waste types separate. Do not place sharps in a waste glass or
plastic collection container.
All needles must be
disposed of in
approved puncture
resistant
containers.
Approved sharps
collection containers are available
from Material Distri- 
bution Services.







Mailbox Type
Sharps Container

Vertical Type
Sharps Container

9.3.b Sharps - Safe Use and Disposal
Sharps present a very serious risk to you, your colleagues and everyone who handles
your waste. Custodians, waste handlers and landfill operators have been injured from
loose and improperly contained waste sharps. Remember, sharps are often used with
hazardous materials and human blood, so a sharps injury can also result in a harmful
exposure and may lead to a serious disease. Because contamination may not be
readily apparent, all waste sharps must be properly contained to minimize the risk of
injury and exposure. The current UW sharps policy is:
Segregate from other wastes.
Place in rigid plastic boxes with tight-fitting lids.
Fill container only 3/4 full.
Disinfecting is not usually needed but is required for waste from BL3 labs.
The user / lab carries container to the building's collection site.
No sharps are allowed to be disposed in Madison landfills.
Wisconsin Department of Natural Resources requires that waste sharps be collected
in closable, puncture resistant and leakproof containers that meet U.S. Occupational
Safety and Health Administration (OSHA) standards. Materials Distribution Services
(MDS) and most safety supply and laboratory equipment vendors sell various sizes
of approved sharps collection containers. Containers with horizontal openings are
preferred (i.e., mailbox); needles tend to pyramid in containers that have smaller top
openings.
Sharps containers should be labeled Sharps. If the sharps are contaminated with
human blood or other biohazards, the container must also be labeled with the international biohazard symbol or be color-coded red. When filled, dispose of your sharps
collection container by:
1. Securely close it to prevent spillage or protrusion of its contents. Strong adhesive
tape (e.g., duct tape) may be necessary to secure the cap.
2. Biohazardous sharps from a BL3 lab must first be autoclaved / disinfected.
3. Leaking containers should be placed in a larger container (i.e., secondary containment). If biohazardous, review the Biohazard Recognition and Control manual
and your biosafety safety protocol for decontamination procedures. Call the
Biological Safety Office (263-2037) only if unsure.
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4. If not biohazardous (e.g., has been decontaminated), deface any biohazard
markings and biohazard symbols. Alternatively, place the autoclaved sharps
container in a black or opaque bag, labeled Autoclaved Sharps.
5. Carry prepared sharps container to your building's sharp collection bin. Contact
your building manager for the collection bin's location.

Take extra care if
you use needles.
Substitute needles
with safer instruments; do not use
needles for ordinary
sampling or transfers unless
necessary.

In addition to proper disposal as described above, use the following precautions to
prevent injuries from needles and other sharps. The risk of a needle stick injury is one
of the most serious laboratory risks, especially if the needle is contaminated. To
reduce that risk:
 Place the sharps collection container as close as possible to the area where sharps
are used.
 Do not handle needles more than necessary: open, use and dispose of needles
in one step.
 Do not reuse needles or other sharps.
 Do not recap needles unless you use a modern, specially-designed
recapping device that prevents injury or you use a one-handed technique.
 Do not cut, shear or bend needles. This is forbidden by OSHA because studies
show these practices increase the number of needle sticks.
 Whenever possible, do not remove the needle from the syringe barrel. Discard the
empty syringe barrel and needle together. Needle sticks are often caused by
attempts to recap or remove syringe needles.
 Do not overfill collection containers. Overfilled containers tend to open when
handled or may force needles through the container. Fill only 3/4 full and
dispose of containers as soon as they are filled.
 Keep the sharps collection container upright during use.
 Use secondary containment if leakage is possible.

9.3.c Hazardous Glass and Plastic Disposal
To prevent injuries to waste handlers, hazardous glass and plastic laboratory items
must be disposed of in a cardboard box. Keep hazardous glass and plastic separate
from other wastes. Do not dispose of needles or other sharps in the same container as
hazardous glass. Unlike glass from food and drink containers, laboratory glass is not
Hazardous glass and
suitable for recycling.
plastic includes:
Make sure the glass and plastic is as clean as possible. Empty the items of all

Pasteur
hazardous
chemicals and drain liquids; disposing of contents properly. See procepipettes
dure Normal Trash 3 in Chapter 7 of this Guide if your labware is contaminated

Other pipettes
with hazardous chemicals. Biohazardous glass and plastic must be autoclaved or

Pipette tips
chemically decontaminated. Some buildings may have more stringent procedures
 Uncontaminated
for disposal of laboratory glassware, follow your building's established disposal
slides
methods.

Coverslips
You may use an ordinary cardboard box to dispose of hazardous glass and

Broken glass
plastic as long as it is strong and sturdy so glass does not puncture it. You may (see

Any fragile
below) need to line the inside of the box with a plastic bag. The box can be no larger
than 12" x 12" (10" x 10" x 12" is best) and weigh no more than 20 pounds. Do not
overload, a large box filled with glass can be unwieldy and dangerous to handle.
Limit your box to 20
pounds.
Other strong and sturdy containers may be used as long as they contain the small
glass pieces, are labeled and are used safely. Alternatively, specially-designed
laboratory glass collection boxes (including small benchtop boxes) are available
Laboratory glassware cannot be
recycled.
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Do not put needles
and other sharps in
glass disposal
boxes.

from Fisher Scientific, Lab Safety Supply and other laboratory supply vendors.
Label the box Hazardous Glass and Plasticware and also mark it No Needles.
Prepare the hazardous glass box for disposal by:
1. Contain the waste by one or more of these methods, as appropriate:
 Before use with broken glass and wet wastes, line the box with a plastic bag to
contain slivers, small fragments and moisture from the wastes.
 You can also contain slivers, glass fragments and other small pieces by securing seams and corners with waterproof tape or duct tape (not masking, lab,
medical or cellophane tape, these are not reliable).
 Double boxing may be necessary for heavy boxes and for broken glass and
pipettes that can pierce one layer of cardboard.
Remember, the box must be able to withstand handling and dropping by custodians
and waste handlers and may be exposed to the weather. Broken glass and Pasteur
pipettes can find their way through small openings in cardboard boxes and injure
the workers handling them. Do not make the box too heavy, a heavy box is
particularly susceptible to breaking open if it is dropped or thrown.
2. Tape the box closed. Don't use masking tape or lab tape because these will disintegrate or come unstuck when wet.
3. Mark or label the box Hazardous Glass for Disposal, No Needles and write your
lab's room number on the box.
4. Place the taped, marked box in the hallway next to your door for removal by the
custodian. If boxes are in a bag, use a clear bag so the contents can easily be
identified. Do not block aisles or place in a foot traffic area.
-

Think of others.
Many people
handle your waste.
Package it carefully
to avoid injuring
them. No one likes
to be exposed to
wet or offensive
waste.
Use your building's
recycling bin for
glass jars and
bottles that have
been used for food
and beverages.

When you set out
laboratory glass for
disposal, be sure
there are no
harmful contaminants on the glass.

Check with the Custodial Dept. (3-3082) or building manager for details on glass disposal
in your building.

9.3.d Other Glass and Plastic Disposal
Durable laboratory glass and plastic can be disposed of directly in your wastebasket,
preferably first put these items in a cardboard box for safety. Sturdy glass and
plastic for the normal trash includes strong, small bottles, clean petri dishes and
most test tubes and centrifuge tubes. Tape stacks of petri plates together to keep
them from opening during waste handling.
Place larger empty glass bottles next to your wastebasket for disposal by the
custodian. Be sure to keep them out of aisles and other foot traffic areas.
Most laboratory chemical bottles are sturdy and not easily broken. Fragile bottles
and any broken items should be disposed of as hazardous glass and plastic, as
described in 9.3, above.
Waste glass and plastic should be as clean as possible. Empty them of all hazardous chemicals and drain liquids; dispose of contents properly. See procedures
Normal Trash 1--4 in Chapter 7 of this Guide for disposal of items containing agar
and other nonhazardous substances, wet wastes, contaminated lab ware, and empty
chemical containers. All biohazardous glass and plastic must be autoclaved / decontaminated prior to disposal.

9.4 Medical and other Regulated Sharps / Glass Disposal
Some types of "sharps / laboratory glass" have special disposal requirements. These
include medical, chemical, radioactive, and biohazardous wastes.
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Sharps or laboratory glass contaminated with
radioactivity,
hazardous chemicals, infectious
agents or blood
must be decontaminated prior to
disposal.

UW Hospital and Clinics and certain other buildings on campus have more stringent procedures for the disposal of medical and infectious waste. As noted above,
nothing that contains pathogens / human blood can go directly to Madison landfills.
Besides sharps contaminated with blood, medical waste includes infectious or
biologically contaminated material that can cause accidental injury. The two approved
medical waste disposal methods are (1) disinfection and disposal to normal trash and
(2) Madison Energy Recovery, Inc. (MERI) collection. Medical waste from BL3 labs
must be disinfected prior to disposal. If you disinfect / autoclave your waste, review
the Biological Safety Office's (263-2037) Biohazard Recognition and Control manual
for information on autoclaving, chemical disinfection and other disposal procedures
for medical and infectious waste. Then follow guidance for biohazardous sharps and
glass disposal, below.
MERI collection is primarily for non-autoclaved, contaminated wastes. This
material is disinfected at the MERI facility prior to ultimate disposal.
 Place material in a rigid, puncture-resistant container as described above.
 Properly label the container with the words "BioHazard" or "Infectious
Waste" or use the universal biohazard symbol.
 The using lab is required to carry the box to the MERI collection container for
their building.
 Place the box inside the MERI container. Only boxes in the MERI container will
be removed by MERI.
9.4.a Radioactive Sharps and Glass Disposal
Waste sharps and laboratory glass that are contaminated with radioactive materials
must be disposed of according to the University's Radiation Safety Regulations. Call
the Safety Department or view the disposal guidelines on our web page
(http://www.fpm.wisc.edu/safety/Radiation/rad.htm). Radiation Safety is not
allowed to dispose of any "medical" waste. It must be disinfected first.
9.4.b Chemical Sharps and Glass Disposal
Sharps containing chemicals should be placed in an approved sharps container (see
above) and disposed of through the Safety Department according to procedure
On-Site Service 1 in Chapter 7 of this Guide. Prior to disposal, laboratory glass
containing chemicals should first be emptied, drained of liquids and made as clean
as possible. Decontaminate labware contaminated with a hazardous chemical by
following procedure Lahware 1 or Labware 2 in Chapter 7. Laboratory glass not
easily decontaminated should be disposed of according to procedure Labware 3.
See Appendix A for an alphabetic listing of disposal procedures by chemical.
9.4.c Biohazardous Sharps and Glass Disposal
Collect waste sharps and glass that are contaminated with infectious agents, human
blood or body fluids in appropriate containers marked "Biohazard" and labeled with
the International Biohazard Symbol. Prior to disposal, these wastes must be decontaminated. For guidance on autoclaving and chemical disinfection of biohazardous
waste, see the Biohazard Recognition and control manual published by the Biological
Safety Office (263-2037).
After decontamination, deface the biohazard symbol and biohazard markings on
the sharps container (e.g., cross out or tape over). Alternatively, you can place the
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autoclaved sharps containers in a black or opaque bag. Marking the container or bag
"autoclaved" is a good idea. Then, dispose of the waste as uncontaminated sharps
and laboratory glass, as described above.
For laboratory glass, autoclaving is usually the simplest decontamination method,
although an overnight soak in an appropriate disinfectant (e.g., a fresh 10% bleach
solution) is satisfactory for unbroken glass and other non-sharp items. Thus, if you
disinfect / autoclave your waste follow these steps for proper disposal:
 Autoclave / disinfect contaminated material.
 Deface biohazard symbol.
 Place autoclaved material in a sturdy cardboard box.
 Label box "Broken Glass and Plasticware."
 Follow the building procedure for removal of normal trash.
Autoclaved / disinfected medical waste can be disposed of in the Madison landfills,
however sharps must go to MERI.

9.5 Review Questions
1. HBV vaccine
a. Will protect your from all types of viral hepatitis.
b. Is not very effective.
c. Is only available if it is requested within 10 days of employment.
d. Is safe, effective, and available free of charge to all at risk employees.
2. Which bloodbome disease can be prevented through vaccination?
a. HBV and HCV
b. HIV
c. HBV
d. HCV

e. none

3. Dishes from persons infected with HIV require special cleaning and disinfecting.
a. True
b. False.
4. Performing a single finger stick does not require the use of any personal protective equipment.
a. True
b. False.
5. Laboratory procedures that may create aerosols must be done in a biological safety cabinet.
a. True
b. False.
6.

HCV is the most common agent of:
a. food borne hepatitis.
b. hepatitis following transfusion of blood or blood products.
c. cirrhosis.
d. hepatitis following a needle stick.

7. Which of the following must be disposed of in a sharps container?
a. Pasteur pipettes contaminated with human blood.
b. Scalpel blades.
c. Needles.
d. b and c, only.
e. All of the above.
8.
a.
b.
c.
d.
e.

Biohazardous injuries include which of the following:
Brief contact with a person's blood on intact skin.
A stab wound with a clean scalpel.
Contact with vomitus.
Blood contact with an open cut or wound on your hand.
A splash of urine in the eye.
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9. Which of the following bloodbome viruses is thought to be transmitted through direct contact with a
contaminated environmental source?
a. all viruses
b. HIV
c. HBV and HCV
d. HBV
e. none
10. Which material is not considered to be high risk for transmission of HIV, HBV or HCV?
a. blood
b. vomitus
c. spinal fluid
d. semen
11. Before disposing of a syringe:
a. Remove the needle.
b. Recap the needle.
c. Cut off or bend the needle.
d. None of the above.
12. A syringe with needle attached should be disposed of in:
a. A strong cardboard box.
b. A glass bottle.
c. A lined wastebasket.
d. A puncture resistant sharps container.
13.

Important precautions for the safe disposal of Pasteur pipettes include:
a. Use of a strong cardboard box.
b. Using a generous amount of packing tape on the edges and corners of the box.
c. Marking the box "laboratory glass for disposal."
d. All of the above.

14.

Plastic pipette tips should be disposed of in:
a. A lined waste basket.
sharps container
c. A strong cardboard box.

b. A puncture resistant plastic
d. Either a or c.

15. Blood-collecting equipment should be disposed of in a puncture-proof container without recapping,
clipping, or bending needle tips.
a. True
b. False.
16. One general safety precaution when handling human blood in laboratories is to keep hands away from
face and head area.
a. True
b. False.
17. It is acceptable practice to mouth pipette nonhazardous liquids (e.g., water).
a. True
b. False.
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Annex 9-1. Human Blood and OPIM* Spill Cleanup Procedures
1. Put on gloves and appropriate personal protective equipment (PPE) protective eyeware, lab coats, masks, face shields if splashing likely
2. Remove any broken glass or sharp objects from the spill using
mechanical means - forceps, hemostats, needle-nose pliers, broom and
dust pan. Never remove sharps/broken glass by hand!
3. Contain the spill by covering with paper towels and carefully pour
appropriate disinfectant solution (1:10 to 1:100 dilution of household
bleach) around and on the spill, take care not to splash disinfectant
solution or create aerosols while pouring.
4. Remove the paper towels and repeat the process until all visual soilage
is removed
5. Re-wet cleaned area with disinfectant and air dry or let stand for 10
minutes before wiping dry
6. Place all contaminated paper towels in a "red bag" or an autoclave bag
for appropriate disposal (autoclaving, off site treatment, etc.)
7. Remove all PPE and immediately wash hands

*OPIM (Other Potentially Infectious Human Materials): semen, vaginal secretions,
cerebrospinal fluid, synovial fluid, pleural fluid, pericardial fluid, peritoneal fluid,
amniotic fluid, salvia in dental procedures, and any body fluid that is visibly
contaminated with blood.
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Annex 9-2. Sharps and Laboratory Glass Disposal
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Disposal Procedures by Chemical
Chemical Name

Disposal Procedure in Chapter 7

Disposal Procedures by Chemical
For each waste laboratory chemical, use this list to direct you to the appropriate disposal procedure in
Chapter 7. For materials not included in this list, follow procedure On-Site Service 1 in Chapter 7 for
disposal.
Chemical Name
Disposal Procedure in Chapter 7
50 X TBE
Absorbosil - 1
ACACIA POWDER (GUM ARABIC)
ACES, N-(2-acetamido)-2-aminosulfonic acid
ACETAL (1,1-diethoxy ethane)
Acetaldehyde dimethyl acetal
Acetaldehyde sodium bisulfite
ACETAMIDE
Acetate Buffer Solution, 0.2M
ACETIC ACID (glacial)
Acetic acid aqu.solution < 30%
ACETONE
ACETONE (D6) (hexa-deuterated)
ACETONE KETAL OF GLYCERINE
Acetone, <4% Aqueous
ACETONITRILE
Acetonitrile, < 5% aqueous
ACETONYLACETONE
ACETYL PHOSPHATE (LITHIUM POTASSIUM SALT)
ACETYL-B-D-MANNOSAMINE MONOHYDRATE, NAcetyl-beta-methylcholine chloride
ACETYL-D-GLUCOSAMINE, NAcetyl-L-serine, 0ACETYLACETONE
ACETYLCHOLINE CHLORIDE
ACETYLENE TETRABROMIDE
Acetylene tetrachloride
ACETYLIMIDAZOLE, NAcetylpyridine adenine dinucleotide, 3ACETYLPY RIDINE, 3ACETYLTHIOCHOLINE IODIDE, SACID FUCHSIN (DYE), aqu. solution
ACONITIC ACID
ACRIDINE ORANGE,aqu.solution as biolog. stain
Acryl aide crosslinker (olefinic agarose)
ACRYLAMIDE GELS
ACRYLAMIDE, aqu.solution (up to --30%)
ACRYSOL, sodium polyacrylate solution
ACS II (TOLUENE BASED scint. cockail)
ACTINAMIN (gamm-butyrobetaine chloride, methyl ester)
ACTIVATED CHARCOAL (carbon)
ADA, N-(2-acetamido)-2-iminodiacetic acid
Adenine hydrochloride
ADENINE SULFATE
Adenosine 3':5'-cyclic monophosphate (c-AMP)
ADENOSINE 5'-DIPHOSPHATE
Adenosine 5'-monophosphate

Sanitary sewer 1, pg. 179
Normal trash I, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Neutralize acid 2, pg. 166
Sanitary sewer 6, pg. 180
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 8, pg. 181
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 8, pg. 181
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 7, pg. 181
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
ADENOSINE 5`-MONOPHOSPHORIC ACID
ADENOSINE 5'-PHOSPHATE
Adenosine 5'-triphosphate, magnesium salt
ADENOSYL-L-METHIONENE IODIDE, (-)-SAdonitol (ribitol)
ADSORBOSIL (SILICA GEL)
Affi-gel agarose
AG 501-X8 (MIXED BED RESIN)
AG 50W (CATION EXCHANGE RESIN)
AGAR
Agarose
ALANINE, betaALANINE, DALANINE, LALBUMIN suspension
Alcohol
Alcohol, Reagent (ethanol, methanol, isopropanol)
Alconox
ALDOL (3-HYDROXYBUTYRALDEHYDE)
ALGINIC ACID (polymannuronic acid)
ALGINIC ACID SODIUM SALT (algin)
ALIZARIN REDS aqu.solution
Allose, DALLOTHREONINE, DLALLOXAN
ALLYL ACETATE
ALLYL ALCOHOL
ALOE (POWDER)
ALTHEA (marshmallow)
Altrose, DALUM (POTASS.ALUMINUM SULFATE)
ALUMINA (aluminum oxide)
ALUMINON
ALUMINUM ACETATE
ALUMINUM AMMONIUM SULFATE
ALUMINUM CHLORIDE HEXAHYDRATE
ALUMINUM HYDROXIDE
ALUMINUM METAL (FOIL, ROD or other massive form)
ALUMINUM NITRATE nonahydrate
ALUMINUM OXIDE alumina
Aluminum perchlorate nonahydrate
ALUMINUM POTASSIUM SULFATE
ALUMINUM SILICATE
ALUMINUM STANDARD 1000ppm Aqu.Solution
ALUMINUM STEARATE
ALUMINUM SULFATE
Aluminum sulfate octadecahydrate
ALUNDUM aluminum oxide crystal
AMBERLITE (ion exchange resins)
Aminex resins (Bio-Rad)
AMINO ACID CALIBRATION MXTR aqu. soln.
Amino-1,2-propandiol, 3AMINO-1-BUTANOL, 2AMINO-1-PROPANOL, 3AMINO-1-PROPANOL, L-2- (R-2- also)
AMINO-2,6-DIHYDROXYPYRIMIDINE, 4-

Sanitary Sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 5, pg. 180
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179 (Oxidizer)
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Normal trash 1, pg. 170
Normal trash I, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 8, pg. 181
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
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Amino-2-(hydroxymethyl)-1,3-propanediol, 2AMINO-2-BUTANOL, 1AMINO-2-ETHYL-1,3-PROPANEDIOL, 2AMINO-2-HYDROXYME'THYL-1,3-PROPANEDIOL, 2AMINO-2-METHYL-1-PROPANOL, 2AMINO-2-METHYL-1-PROPANOL, 2- HYDROCHLORIDE
AMINO-2-PROPANOL, 1AMINO-5-IMIDAZOLE CARBOXAMIDE HYDROCHLORIDE, 4AMINO-n-BUTYRIC ACID, DL-ALPHAAMINO-n-BUTYRIC ACID, DL-BETAAmino-n-butyric acid, L-alphaAMINOACETIC ACID
AMINOACETONITRILE HYDROCHLORIDE
Aminoadipic acid, DL-alphaAMINOADIPIC ACID, L-alphaAMINOBENZAMIDINE DIHYDROCHLORIDE, pAMINOBUTYR1C ACID, 4- (GAMMA) GABA
Aminoethanethiol, 2- hydrochloride
AMINOETHANOL, 2AMINOETHYL) HYDROGEN SULFATE, 2-(
AMINOETHYL)CELLULOSE, 2-(
AMINOETHYL)MORPHOLINE, 4-(2AMINOETHYL)PIPERAZINE, 1-(2AMINOETHYLAMINO) ETHANOL, 2-(2AMINOISOBUTYRIC ACID, aAMINOISOBUTYRIC ACID, bAminomethanesulfonic acid, alphaAminooxy)acetic acid, ( hemi-hydrochloride
AMINOPHENOL HYDROCHLORIDE, oAMINOPHENOL HYDROCHLORIDE, pAMINOPHYLLINE 2 theophyllene:lethylenediamine
Aminopropy1)-1,3-propanediamine, N-(3AMINOPROPYL)DIETHANOLAMINE, N-(3AMINOPROPYL)MORPHOLINE, N-(3AMINOURACIL, 5Aminovaleric acid, 5- hydrochloride
AMINOXYACETIC ACID HYDROCHLORIDE
AMMONIA 28-35% solution
Ammonia, solution in methanol, 7N
Ammonia cleaner solution -10%
AMMONIUM ACETATE
Ammonium alum
AMMONIUM BEFLUORIDE NH4F-HF
AMMONIUM BROMIDE
Ammonium cerium(IV) nitrate
AMMONIUM CHLORIDE
AMMONIUM CITRATE
Ammonium dihydrogen phosphate
AMMONIUM FLUORIDE
AMMONIUM FORMATE
AMMONIUM HEPARIN Aqu.Solution
AMMONIUM HYDROXIDE solution (57% NH4OH or 28% NW)
AMMONIUM IODIDE
Ammonium iron(II) sulfate hexahydrate
Ammonium iron(II1) sulfate dodecahydrate
AMMONIUM LACTATE

Disposal Procedure in Chapter 7
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 8, pg. 181
Sanitary sewer 8, pg. 181
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Neutralize base 2, pg. 168
Neutralize base 2, pg. 168
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Neutralize base 2, pg. 168
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
Ammonium metatungstate hydrate
AMMONIUM METAVANADATE aqu. Solution
AMMONIUM MOLYBDATE
Ammonium molybdate (ammonium heptamolybdate)
AMMONIUM NITRATE
AMMONIUM OXALATE
AMMONIUM PERCHLORATE
Ammonium peroxydisulfate
AMMONIUM PERSULFATE
AMMONIUM PHOSPHATE
Ammonium succinate
AMMONIUM SULFAMATE
AMMONIUM SULFATE
Ammonium tartrate
AMMONIUM THIOCYANATE
AMMONIUM THIOSULFATE
Amojell
AMP, 2-amino-2-methyl-l-propanol
AMPHOLINE isoelectric focusing reag. soln.
AMPHYL (disinfectant soln. of 2-phenylphenol in ethanol)
AMPSO, 3-[(1,1-dimethy1-2-hydroxyethypamino]-2-hydroxypropanesulfonic
AMYL ACETATE, nAMYL ALCOHOL, nAMYL ALCOHOL, secAMYL ALCOHOL, sec-iso
AMYL ALCOHOL, tertAmyl lactate
Amylene, beta- (cis or trans)
AMYLOPECTIN starch, corn or potato
AMYLOSE starch
ANETHOLE
ANHYDRONE (MAGNESIUM PERCHLORATE)
ANILINE
Animal charcoal powder (bone)
ANION EXCHANGE RESIN
ANISALDEHYDE, mANISALDEHYDE, p
ANISE OIL
ANISIDINE, oANISOLE
ANISYL ALCOHOL
Anti-freeze soln.
ANTIFOAM A (POLY(DIMETHYLSILOXANE))
ANTIFOAM C EMULSION
ANTIMONY POTASSIUM TARTRATE
ANTIMONY SODIUM TARTRATE
ANTIMONY STANDARD, 1000ppm Aqu.Solution
APIEZON-B OIL stationary phase in GC
Apiezon-L
AQUA REGIA 13M HC1 - 1.6M nitric
Aquadene - antirust solution
AQUASOL (PSUEDOCUMENE, ETHOXYETHANOL)
AQUASSURE (MOSTLY TOLUENE)
ARABIC GUM (TEARS)
Arabinitol
ARABINOSE, L-

Sanitary sewer 2, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 6, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 3, pg. 180 (Oxidizer)
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Neutralize acid 2, pg. 166
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
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Chemical Name

Arbutin
ARECOLINE
Arecoline hydrochloride
Arginine amide, L- hydrochloride
Arginine hydrochloride, LARGININE MONO HYDROCHLORIDE, LARGININE, L-(+)ARLACEL Span or sorbitan laurate
AROMATIC PETROLEUM DERIVATIVES
ARSENATE BUFFER aqu. solution
Arsenic acid, disodium salt (heptahydrate)
Arsenic aqueous standard 1000ppm As (disodium arsenate)
Arsenic compound aqu. solution, Conc. x Vol. < 1 Kg As
ARSENIC STANDARD 1000ppm Aqu. for AA
ARSENOMOLYBDATE (COLOR REAGENT) Aqu.Solution
Arterenol, DLArterenoI, DL- hydrochloride
ASCORBIC ACID
ASOLECT1N (SOY PHOSPHATIDES)
ASPARAGINE, DLASPARAGINE, LASPARTIC ACID, DLASPARTIC ACID, LAtomic Absorbtion Standards 1000ppm aqueous
ATROPINE SULFATE solution
ATROPISOL (ATROPINE SULFATE Solution)
ATTACK 2 (LIQUID concentrate alkaline detergent)
AUTOFLUOR (PHOTO FIXER)
AV ICEL (CELLULOSE)
Azetidinecarboxylic acid, D-2BACITRACIN
BACTO-PEPTONE
BAKING SODA sod. bicarbonate
BALSAM FIR RESIN (LIQUID)
BALSAM FIR RESIN (SOLIDIFIED)
BALSAM OIL (IN XYLENE)
BARIUM ACETATE
BARIUM BROMIDE
BARIUM CHLORIDE
Barium chloride dihydrate
BARIUM GLYCINATE
Barium lactate
BARIUM NITRATE
Barium salts in aqu. solution, Conc. x Vol. < 1 Kg Ba
BARIUM STANDARD 1000ppm Aqu. Solution
BATTERY ACID (SULFURIC acid, 12N)
BOP (5-bromo-4-chloro-3-indoly1 phosphate) 50mg/mIsoln.
BENADRYL HC1
BENEDICTS REAGENT Aqu.Solution
BENTONITE (ALUMINUM SILICATE)
Bentonite (powder)
BENZALDEHYDE
BENZALKONIUM CHLORIDE,Solution
BENZAMIDINE HYDROCHLORIDE
BENZENE
BENZENE-D6 (hexadeutero)

Disposal Procedure in Chapter 7
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash I, pg. 170
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer I, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180 (Oxidizer)
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Neutralize acid 2, pg. 166
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 6, pg. 180
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
BENZENETRICARBOXYLIC ACID, 1,2,4BENZENETRIOL, 1,2,4BENZIDINE DIHYDROCHLORIDE Aqu.Solution
Benzoic acid, methyl ester (methyl benzoate)
Benzoic acid, sodium salt
BENZOIN RESIN, GUM BENZOIN
BENZOL (BENZENE)
BENZONITRILE
Benzotrifluoride
BENZOYL CHOLINE CHLORIDE
BENZYL ACETATE
BENZYL ALCOHOL
BENZYL BENZOATE
BENZYL CHLORIDE
BENZYL ETHER
Benzyl methyl ketone
BENZYLTRIETHYLAMMONIUM CHLORIDE
BERYLLIUM Standard 1000ppm Solution
BES, N,N-bis(2-hydroxyethyl)-2-aminoethanesulfonic acid
BETAFLUOR
BETAINE ((carboxymethy)ltrimethylammonium inner salt)
BETAINE HYDROCHLORIDE
BIAL'S ORCINOL REAGENT SOLUTION I
BEAUS ORCINOL REAGENT SOLUTION II
Bicinchroninic acid solution (sodium salt)
BICINE
BIC1NE, sodium salt, 40% solution
BIFORMAL 40%Solution (hydrated glyoxal)
BILIRUBIN STANDARD
BIO-BEADS polystyrene
BIO-GEL
BIO-LYTE 5/7
BIO-MOUNT (TOLUENE solution)
Bio-phore
Bio-Rad Protein Assay Reag B (Phosphomolybdate Soln)
BIO-REX resin ion exchange
BIO-SOLV 3 scint. Cocktail
Bis Tris Propane (1,3-bis[tris(hydroxymethyl)methylarnino]propane)
BIS(2-ETHOXYETHYL) ETHER
BIS(2-HYDROXYETHYL)GLYCINE, N,NBIS (2-METHOXYETHYL) ETHER
Bis(3-aminopropyl)amine
Bis(3-aminopropyl)piperazine, 1,4Bis(p-nitrophenyl)phosphate, aqueous
BIS(TRIMETHYLSILYL)ACETAMIDE, N,0BIS(TRIMETHYLSILYL)TRIFLUOROACETAMIDE, N,0BIS-2-Solution (2% methylenebisacrylamide)
BIS-TRIS propane, 1,3-bis(tris(hydroxymethyl)methylamino)propane
BIS-TRIS, 2-bis(2-hydroxyethyl)arnino-2-(hydroxymethyl)- l,3-propanedi ol
Bis[3-aminopropyl]ethylenediamine, N,N'BISBENZ1MIDE Aqu.Solution of hydrochloride
BIURET (carbamoyl urea)
BLEACH Solution
BOILEEZERS
Boiling chips
BORAX

Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 2, pg. 179
Normal trash I, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 7, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
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Chemical Name

BORIC ACID
BORIC ACID INDICATOR aqu. solution
BORNYL ACETATE, (-)
BORON STANDARD 1000ppm Aqu.Solution
BOUIN'S SOLUTION Aqu. (PICRIC ACID/FORMALDEHYDE)
BOVINE ALBUMIN STANDARD
BOVINE SERUM ALBUMIN
BRAY'S SCINTILLATION COCKTAIL (p-DIOXANE based)
BRIJ 35 (POLYOXYETHYL LAURYL ETHER 30%Aqu, Solution)
Brij 52 (polyoxyethylene 20 cetyl ether)
Bromo-2-chloro-1,1,1-trifluoroethane, 2BROM0-4-CHLOR0-3-INDOLYL PHOSPHATE, 5- disodium Salt, 2%soln.
BROMOBENZENE
Bromobutane, 1BROMOCHLOROMETHANE
BROMOCRESOL GREEN Indicator Solution 0.04% aqu.
BROMOCRESOL PURPLE Indicator SoIn. 0.04% aqu.
BROMOCYCLOHEXANE
BROMOETHANE
BROMOFORM
Bromofortn-d (deuterated)
BROMOHEXANE, 1BROMONAPHTHALENE, IBROMOPENTANE, 2BROMOPHENOL BLUE, Aqu. Solution 0.04% indicator
Bromopropane, 1BROMOPROPANE, 2BROMOTRICHLOROMETHANE
BROMTHYMOL BLUE, Aqu. Solution indicator
Broth powder
BSA N,0-bis(trimethylsilyl)acetamide
BSTFA N,0-bis(trimethylsilyl)trifluoroacetamide
BUDGET SOLVE (XYLENE based scint coct.)
Buffer (saline-sodium citrate)
BUTANED1OL, 1,3BUTANEDIOL, 1,4BUTANEDIOL, 2,3-(R,R) or (S,S)
Butanetriol, 1,2,4Butanoic acid
BUTANOL, I BUTANOL, nBUTANOL, secBUTANOL, tertBUTANONE, 2- (MEK)
BUTOXYETHANOL, 2BUTOXYETHOXY)ETHANOL, 2-(2BUTOXYETHOXY)ETHYL ACATATE, 2-(2BUTVAR (POWDER) polyvinyl butyraldehyde acetal
BUTYL ACETATE, nBUTYL ALCOHOL, nBUTYL ALCOHOL, SECBUTYL ALCOHOL, TERT
Butyl bromide, nButyl carbitol
BUTYL CHLORIDE, nBUTYL CHLORIDE,

Disposal Procedure in Chapter 7
Sanitary sewer 2, pg. 179
Sanitary sewer I, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (yellow) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (yellow) carboy, pg. 172
Sanitary sewer 7, pg. 181
Sanitary sewer 7, pg. 181
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (yellow) carboy, pg. 172
Organic solvent/round (yellow) carboy, pg. 172
Organic solvent/round (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 7, pg. 181
Organic solvent/round (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (yellow) carboy, pg. 172
Sanitary sewer 7, pg. 181
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
TERTBUTYL ETHER, nButyl ethyl ether, tBUTYL LACTATE
BUTYL METHYL ETHER, tBUTYL PHTHALATE, DI nBUTYL) CITRATE, tri(nBUTYLCELLOSOLVE 2-butoxy ethanol
BUTYLENE GLYCOL, 2,3BUTYRALDEHYDE
BUTYRATE, SODIUM
BUTYRIC ACID, nButyric acid, n- sodium salt
BUTYROLACTONE
BUTYRONITRILE, nCAB-O-SIL (SINTERED SILICA)
CACODYLATE BUFFER Aqu.Solution
CACODYLIC ACID
CACODYLIC ACID, SODIUM SALT
CADAVERINE
CADAVER1NE DIHYDROCHLORIDE
CADMIUM STANDARD Aqu. Solution 1000ppm for AA
CAFFEINE CITRATE
CALAMUS OIL EUROPEAN
CALCIUM ACETATE
Calcium alanate
CALCIUM BROMIDE
CALCIUM CARBONATE
CALCIUM CHLORIDE ANHYDROUS, prilles
CALCIUM CHLORIDE DIHYDRATE
Calcium citrate
CALCIUM DISODIUM VERSENATE
CALCIUM FLUORIDE
CALCIUM FORMATE
CALCIUM GLUCONATE
CALCIUM LACTATE
CALCIUM NITRATE
CALCIUM NITRITE
CALCIUM OXALATE
CALCIUM PERCHLORATE
CALCIUM PHOSPHATE DIBASIC
CALCIUM PHOSPHATE MONOBASIC
CALCIUM PHOSPHATE tribasic
CALCIUM SILICATE
CALCIUM STEARATE
CALCIUM SULFATE hydrate
CALCIUM THIOCYANATE
CALMAGITE AQ. Solution, indicator
CANADA BALSAM
CANAVAN1NE SULFATE, LCAP MIX A (THF/LUTIDINE/ACETIC ANHYDRIDE)
CAP MIX B (0.5% DMAP IN THF)
CAPRO1C ACID
Caproic acid, n- sodium salt
Caproic acid, n- Sodium salt
CAPROLACTAM, eCAPROLACTONE, epsilon- or gamma-

Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash I, pg. 170
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitatisewer 1, pg. 179
Sanitary sewer I, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179 (Oxidizer)
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179 (Oxidizer)
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash I, pg. 170
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Normal trash 1, pg. 170
Sanitary sewer I, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
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Chemical Name

CAPRYL ALCOHOL
CAPRYLIC ACID
CAPRYLIC ALCOHOL
CAPS, 3-(cyclohexylamino)-1-propanesulfonic acid
CAPSO, 3-(cyclohexylamino)-2-hydroxy-1-propanesulfonic acid
CARANUBA WAX
CARBACHOL
Carbamide Peroxide (urea-hydrogen peroxide 1:1)
CARBAMYL PHOSPHATE
CARBAMYL PHOSPHATE, DILITHIUM SALT
CARBAMYLCHOLINE CHLORIDE
Carbodiimide hydrochloride
Carbohydrazide
CARBOL FUCHSIN (in PHENOL)
CARBOLIC ACID (2 PHENOL - 1 WATER)
CARBON (GRANULES)
CARBON TETRACHLORIDE
CARBONYLDIIMIDAZOLE
CARBORUNDUM GRIT
CARBOWAX PEG 8000
CARBOWAX (POLY(ETHYLENE GLYCOL))
CARBOWAX 400
Carboxymethoxylamine hemi-hydrochloride
CARBOXYMETHYL CELLULOSE
CARBOXYMETHYLTRIMETHYLAMMONIUM inner salt
Carboxyphenyl phosphate, oCargille's (Shillaber's) immersion oil
CARMINE BORAX
CARMINIC ACID
Carnauba wax (Brazil wax)
CARNITINE HCL, DLCARNOY'S (CHLOROFORM, ACETIC ACID Solution)
CARRAGEENAN, lambdaCARVACROL
Carveol
Carvone, R or S
CASAMINO ACIDS
CASEIN
CASTELLANI'S PAINT (2% SILVER NITRATE)
CASTOR OIL
CATECHOL
Catechol phosphate
CATION EXCHANGE RESIN
CEDARWOOD OIL
CEDARWOOD OIL in methanol
Cedarwood resin
CELITE
CELLEX
CELLOBIOSE, D(+)CELLOSOLVE (2-ETHOXY ETHANOL)
CELLOSOLVE ACETATE
CELLULOSE (POWDER)
CELLULOSE ACETATE
CELLULOSE N,N-DIETHYLAMINOETHYL ETHER
CELLULOSE PHOSPHATE
Cellulose Phosphate Cation Exchanger

Disposal Procedure in Chapter 7
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/square (yellow) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash I, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg„ 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 6, pg. 180
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash I, pg. 170

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
CENTRIFUGE OIL
CEPHALIN (LECITHIN)
Ceramides
CERESIN
CERIC AMMONIUM NITRATE
CERIC AMMONIUM SULFATE
CERIUM(I11) CHLORIDE
CEROTIC ACID
CEROUS SULFATE
CESIUM ACETATE
CESIUM CHLORIDE
Cesium iodide
CESIUM NITRATE
CESIUM PERCHLORATE
CESIUM SULFATE
CETYL ALCOHOL
Cetylic acid
CHAPS (BUFFER)
CHAPSO (BUFFER)
CHARCOAL
CHEL-IRON LIQUID
Chelating resins
Chelex 100 (50-100 mesh)
CHELON 100
CHES, 2-(N-cyclohexylamino)ethanesulfonic acid
CHITIN
CHITOSAN
CHLORAMPHENICOL SUCCINATE
CHLORHEXIDINE DIACETATE, Solution
CHLORHEXIDINE GLUCONATE, Solution
CHLORIDE STANDARD
CHLORO-1,2-PROPANEDIOL, 3CHLORO-1-PROPANOL, 3CHLORO-2-METHYLPROPANE, 2CHLOROANILINE, mCHLOROANILINE, oChloroanisole
Chloroanisole, oCHLOROBENZENE
CHLOROBUTANE, 1Chlorobutane, 2CHLOROBUTANOL, 4Chlorocholine chloride
CHLOROCYCLOHEXANE
CHLORODECANE, 1CHLORODODECANE, 1CHLOROFORM
Chloroform, in solvent mixture
CHLOROFORM-d (DEUTERO)
CHLOROGENIC ACID
CHLOROHEPTANE, 1CHLOROHEXANE, 1CHLORONAPHTHALENE, 1CHLOROOCTANE, I
CHLOROPENTANE, 1CHLOROPHENOL, o

Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash I, pg. 170
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/ round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
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Chemical Name

CHLOROPROPANE, 1Chloropropane, 2CHLOROPROPYL)TRIMETHOXYSILANE, (3CHLOROQUINE DIPHOSPHATE
CHLOROTOLUENE, pCHLOROWAX (CHLORINATED PARAFFIN)
CHLOROX BLEACH
Choline base, 45% in methanol
CHOLINE BITARTRATE
CHOLINE CHLORIDE
CHONDROITIN SULFATE, SODIUM SALT
CHROME ALUM
CHROME ALUM Aqu.Solution
CHROMERGE (IN SULFURIC ACID)
CHROMIC ACID Cleaning Solution
CHROMIC CHLORIDE HEXAHYDRATE
CHROMIUM NITRATE
CHROMIUM POTASSIUM SULFATE
CHROMIUM POTASSIUM SULFATE Aqu.Solution < 20%
Chromium salts in aqu. solution, Conc. x Vol. < 1 Kg Cr
CHROMIUM(III) Aqu.Solution
CHROMIUM(III) HEXAMINE NITRATE
Chromium(III) nitrate
CHROMOSORB
CHROMOTROPIC ACID DISODIUM SALT
Cineole
CINNAMALDEHYDE, TRANSCINNAMON OIL
Citral
CITRIC ACID
CITRONELLOL
CITRULLINE, LCITRUS PARTS CLEANER
Cleaning Solution (sulfutic,chromic acids)
CLEARIUM (TOLUENE)
Cleland's reagent
CLOVE OIL
CM cellulose
CM-SEPHADEX
Cobalt alanate
COBALT CHLORIDE
Cobalt hexamine perchlorate
COBALT NITRATE
COBALTIC ACETATE
COBALTIC HEXAMMINE SULFATE
COBALTOUS ACETATE
COBALTOUS AMMONIUM SULFATE
COBALTOUS CHLORIDE
COBALTOUS NITRATE
COB ALTOUS PERCHLORATE
COBALTOUS SULFATE
COCARBOXYLASE
COD LIVER OIL
COENZYME A, LITHIUM SALT
Coenzyme B12 adenosyl B12 or cobalamine
Coenzyme I, cozymase, NAD, DPN

Disposal Procedure in Chapter 7
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (yellow) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Neutralize acid 6, pg. 168
Neutralize acid 6, pg. 168
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180 (Oxidizer)
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180 (Oxidizer)
Sanitary sewer 6, pg. 180 (Oxidizer)
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Neutralize acid 6, pg. 168
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
Coenzyme II, phosphocozymase, NADP, TPN
Coenzyme Q CoQ, CoQ6 to 10, ubiquinones
COLLAGEN
COLLIDINE, 2,4,6- (TRIMETHYLPYRIDINE)
COLLIDINE, SYMCOMPLETE COUNTING COCKTAIL (3a70b)
COOMASSIE BLUE Methanol Solution
Coomassie Protein Assay Reagent
COPPER DISODIUM EDTA
COPPER DISODIUM VERSENATE
Copper salts in aqu. solution, Conc. x Vol. < 0.15 Kg Cu
COPPER STANDARD 1000ppm Aqu.Solution
COPPER(II) GLYCINATE
Copra (low grade cocanut oil)
CORIANDER OIL
CORN OIL
COTTONSEED OIL
COUNT-OFF
CRAF FIXATIVE, Solution
CREATINE
Creatine phosphate (salt)
CREATININE
CREATININE PHOSPHATE, DIPOTASSIUM salt
CRESOL, mCresol, p- (if liquid)
CROWN-4, 12CROWN-5, 15CROWN-6, 18CRYOLITE
CRYSTAL VIOLET Aqu.Solution
CUMENE
CUTTING OIL
Cyanamide
CYANOACETIC ACID
CYANOCOBALAMIN (VITAMIN B12)
Cyanogen bromide activated Sepharose
Cyclamate, Calcium cyclamate
Cyclic-AMP
CYCLODEXTRIN, aCYCLODEXTRIN, bCYCLOHEPTANE
Cycloheptanone
CYCLOHEXANE
CYCLOHEXANOL
CYCLOHEXANONE
CYCLOHEXENE
CYCLOHEXIMIDE Aqu.Solution
CYCLOHEXYL CHLORIDE
Cyclohexy1-3-(2-morpholinoethypcarbodiimide metho-p-Tos, ICYCLOHEXYLAMINO)PROPANESULFONIC ACID, 3-(
CYCLOHEXYLENEDINITRILOTETRAACETIC ACID, 1,2CYCLOOCTANE
CYCLOPENTADIENE DIMER
CYCLOPENTANE
CYCLOPENTANOL
Cyclopentanone

Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 7, pg. 181
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 7, pg. 181
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172

Laboratory Safety Guide

240

Disposal Procedures by Chemical
Chemical Name

CYCLOPENTENE
CYCLOSERINE, DCYMENE, pCystamine dihydrochloride
CYSTEAMINE
CYSTEIC ACID, LCysteic acid, L- potassium salt
CYSTEINE HYDROCHLORIDE HYDRATE, LCYSTEINE HYDROCHLORIDE, DCYSTEINE, LCYSTINE, LCYTIDINE
CYTIDINE 5'-MONOPHOSPHATE
CYTOCLEAN, Solution
Cytology Stains in Xylene/Ethanol solution
CYTOSINE
CYTOSINE-b-D-ARABINOFURANOS IDE HCI
D-I9 DEVELOPER
DAVISIL (SILICA GEL)
DBE-4 dibasic ester (dimethyl succinate)
DBE-5 dibasic ester (dimethyl glutarate)
DCE (1,2-dichloroethane)
DCM (dichloromethane)
DEAE biogel A (suspension)
DEAE-Cellulose
DEAE-DEXTRAN
DEBLOCKING MIX (3% DCA/DCM) for DNA auto synthesizer
DECALIN (DECAHYDRONAPHTHALENE) cis, trans mxtr
Decamethonium bromide
DECANAL, nDECANE, nDECENE, 1Decenylsuccinic anhydride, nDECYL ACETATE, nDECYL ALCOHOL, nDecyl aldehyde, nDEET (N,N-DIETHYL-m-TOLYAMIDE)
DEGA (stationary phase)
DEHYDRITE
DEHYDROASCORBIC ACID
DEKTOL DEVELOPER
Denhardt's reagent
DEOXY-D-GLUCOSE, 2DEOXY-D-GLUCOSE-6-PHOSPHATE, 2- SODIUM SALT
DEOXYADENOSINE 5'-diphosphate, 2'DEOXYADENOSINE, 2'DEOXYCHOLIC ACID, 7- SODIUM SALT
DEOXYCYTIDINE, 2'DEOXYCYTIDINE, 2'- HYDROCHLORIDE
DEOXYGUANOSINE, 2'DEOXYRIBONUCLEIC ACID
DEOXYRIBONUCLEIC ACID, SODIUM SALT
DEOXYRIBOSE, 2DEPC (diethyl pyrocarbonate)
DER 736 (diepoxide resin for EMS)
DERIPHAT I7CC

Disposal Procedure in Chapter 7
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Sanitary sewer 2, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 3, pg. 180 (Oxidizer)
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Organic solvent/round (white) carboy, pg. 172
Normal trash I, pg. 170

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
DESOXYCHOLATE, SOD. SALT
DESOXYCYTIDINE Ha
DESOXYCYTIDYLIC ACID
DESOXYGUANOSINE
DESOXYGUANYLIC ACID
DESOXYPYRIDOXINE
Deuterium chloride, 20% in D20
DEUTERIUM OXIDE
DEUTEROACETIC ACID, 0DEUTEROBENZENE, d-6DEUTEROCHLOROFORM
DEVELOPER Solution (photographic)
Developer, photographic, dry powder
DEXTRAN
Dextran sodium sulfate
DEXTRAN SULFATE
DEXTRIN
DEXTROSE
DI(2-ETHYLHEXYL) PHTHALATE
DI(ETHYLENE GLYCOL)
Di(ethylene glycol) butyl ether
DI(ETHYLENE GLYCOL) DIMETHYL ETHER
DI(ETHYLENE GLYCOL) MONOETHYL ETHER
DI-n-BUTYL ETHER
DI-n-BUTYL PHTHALATE
DIACETIN
DIACETONE ALCOHOL
DIACETYL
DIAMINOBENZIDINE TETRAHYDROCHLORIDE, 3,3'- Aqu.Solution
DIAMINOBUTANE DIHYDROCHLORIDE, 1,4Diaminobutyric acid dihydrochloride, 2,4-DLDIAMINOBUTYRIC ACID, 2,4Diaminocyclohexane-N,N,N,M-tetraacetic acid, Trans-1,2DIAMINODIPROPYLAMINE, 3,3'DIAMINOPHENOL, 2,4- DIHYDROCHLORIDE
DIAMINOPIMELIC ACID, DL-a-eDIAMINOPURINE SULFATE, 2,6DIANISIDINE DIHYDROCHLORIDE, oDIATOMACIOUS EARTH
D1ATRIZOATE SODIUM
DIBROM0-3-CHLOROPROPANE, 1,2DIBROMOETHANE, 1,2DIBROMOMETHANE
DIBUTYL ADIPATE
DIBUTYL CARBONATE
DIBUTYL ETHER
DIBUTYL PHTHALATE
DIBUTYL SUCCINATE
DIBUTYL TARTRATE
DIBUTYLTIN DIACETATE
DICALCIUM ortho PHOSPHATE
DICHLOROBENZENE, mDICHLOROBENZENE, oDICHLOROBUTANE, 1,4DICHLOROETHANE, 1,1D1CHLOROETHANE, 1,2-

Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Neutralize acid 2, pg. 166
Sanitary sewer 1, pg. 179
Neutralize acid 2, pg. 166
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 7, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
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Chemical Name

DICHLOROMETHANE
Dichloromethane - D2 (deuterated)
DICHLOROPROPANE,1,2DICHLOROPROPENE, 1,3Dichlorotrifluoroethane (HCFC-123)
Dichrol (dichromate, sulfuric acid)
DICYCLOPENTADIENE
DIESEL FUEL
Diethanolamine Buffer SoIn
Diethoxyethane, 1,1DIETHOXYETHANE, 1,2Diethyl 1,3-acetonedicarboxylate
Diethyl 3-oxoglutarate
DIETHYL ADIPATE
DIETHYL CARBONATE
DIETHYL CELLOSOLVE
DIETHYL D-TARTRATE
DIETHYL ETHER
DIETHYL ETHYLMALONATE
DIETHYL FUMARATE
DIETHYL KETONE
DIETHYL MALEATE
DIETHYL MALONATE
DIETHYL METHYLMALONATE
DIETHYL OXALATE
DIETHYL PHTHALATE
DIETHYL PYROCARBONATE
DIETHYL SEBACATE
DIETHYL SUCCINATE
DIETHYL-m-TOLUAMIDE, N,NDiethylacetamide, N,NDIETHYLAMINE HYDROCHLORIDE
DIETHYLAMINO)ETHYL, 2-( CELLULOSE
DIETHYLAMINOETHANOL, 2DIETHYLAMINOETHYL CELLULOSE
DIETHYLDITHIOCARBAMIC ACID, SODIUM SALT
Diethylene glycol
DIETHYLENETRIAMINE
DIETHYLENETRIAMINEPENTAACETIC ACID
DIETHYLETHYLENEDIAMINE, N,NDiethylethanolamine, N,N- hydrochloride
DIETHYLETHYLENEDIAMINE, N,NDIFFUSION PUMP OIL (SILOXANE)
Dihydrocarvone, (+)DIHYDROUROCANIC ACID
Dihydroxy-2,7-NaphthaleneDisulfonic acid, 4,5- Sodium Salt
Dihydroxy-2-propanone, 1,3DIHYDROXYACETONE PHOSPHATE, LITHIUM SALT
Dihydroxyacetone, 1,3DIHYDROXYADENINE, 2,8Dihydroxynaphthalene-2,7-Disulfonic acid, 4,5- Disodium Salt
DIHYDROXYPHENYL)ETHYLAMINE HYDROCHLORIDE, 2-(3,4DIIODOMETHANE
DEISOBUTYL KETONE
DIISOBUTYL PHTHALATE
DIISOPROPYL ETHER

Disposal Procedure in Chapter 7
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Orfianic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Neutralize acid 6, pg. 168
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 8, pg. 181
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Neutralize base 3, pg. 169
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
DIISOPROPYL PHTHALATE
DIISOPROPYLAMINOETHANOL, 2- HYDROCHLORIDE
DIMETHOXYBENZENE, 1,2- and 1,3Dimethoxydimethylsilane
Dimethoxyethane, 1,1Dimethoxyethane, 1,2- DIMETHOXYMETHANE
DIMETHOXYMETHANE
DIMETHOXYPROPANE, 2,2Dimethyl 1,3-acetonedicarboxylate
Dimethyl acetylenedicarboxylate
DIMETHYL ADIPATE
Dimethyl adipimidate dihydrochloride
DIMETHYL CARBONATE
Dimethyl glutarate
Dimethyl malonate
DIMETHYL MALONIMIDATE DIHYDROCHLORIDE
Dimethyl methylphosphonate
DIMETHYL PHTHALATE
DIMETHYL PIMELATE
DIMETHYL SEBACATE
DIMETHYL SUBERATE
DIMETHYL SUCCINATE
DIMETHYL SULFONE
DIMETHYL SULFOXIDE
DIMETHYL SULFOXIDE (d-6)
DIMETHYL-2-BUTANONE, 3,3DIMETHYL-4-HEPTANONE, 2,6Dimethyl-N-allylamine, N,NDIMETHYL-p-TOLUIDINE, N,NDIMETHYLACETAMIDE
DIMETHYLAMINE HYDROCHLORIDE
Dimethylamino)acetone, (
DIMETHYLAMINO)ETHANOL, 2-(
Dimethylamino)propy1]-3-ethylcarbodiimide, 1434 hydrochloride
DIMETHYLAMINO-1-PROPANOL, 3DIMETHYLAMINOETHANOL, 2DIMETHYLAMINOMETHYL)PHENOL, 2,4,6-tris(
Dimethylaminopropy1)-3-ethylcarbodiimide hydrochloride, 1-(3DIMETHYLANILINE, 2,4Dimethylaniline, N,NDIMETHYLBIGUANIDE
Dimethylcyanamide, N,NDIMETHYLETHANOLAMINE, N,NDIMETHYLETHYLENEUREA
DIMETHYLFORMAMIDE, N,NDIMETHYLGLUTARIC ACID, 3,3DIMETHYLGLYCINE, N,N- HYDROCHLORIDE
Dimethylglyoxime, disodium salt
DIMETHYLGUANIDINE SULFATE, 1,1DIMETHYLPENTANE, 2,4Dimethylpyridine, 2,6DIMETHYLSILOXANE
DIMETHYLTHIOPHENE, 2,5DIMETHYLUREA, 1,3DIMETHYLUREA, N,N'DINITROSALICYLIC ACID, 3,5-

Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Neutralize base 3, pg. 169
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 8, pg. 181
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
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Chemical Name

DINITROSALICYLIC ACID, 3,5- SODIUM SALT
DIOCTYL PHTHALATE
DIOTOL SCINTILLATOR
DIOXANE, 1,4DIOXANE, pDIOXOLANE, 1,3DIPENTENE
DIPHENHYDRAMINE.HYDROCHLORIDE
DIPHENYL SULFIDE
DIPHENYLMETHANE
DIPROPYL PHTHALATE
Dipropylamine
DIPSO, 3-(N,N-bis(2-hydroxyethyDatnino)-2-hydroxypropanesulfonic acid
DISODIUM (ETHYLENEDINITRILO)TETRAACETATE
DISODIUM EDTA
Disodium ethylenediaminetetraacetate
DISODIUM PHENYLPHOSPHATE
DISODIUM PHOSPHATE
DITHIODIGLYCOLIC ACID
DITHIOD1PROPIONIC ACID, 3,3'Dithioerythritol, 1,4DITHIOTHREITOL, DLDMSO
DOCOSANOIC ACID
DODECANE
Dodecanoic acid
Dodecyl alcohol ethoxylate
Dodecylmercaptan, tertDODECYLTRIMETHYLAMMONIUM CHLORIDE Aqu.Solution
DOPAMINE HYDROCHLORIDE
Dow 705 silicone pump oil
DOWEX
Dowex 50W-X8 cation exchange
DOWTHERM A
DREWMULSE
DRICOTE (TRIMETHYLSILYLACETATE in DICHLOROMETHANE)
DRIERITE (CALCIUM SULFATE)
DRIFILM SC-87
DTE
DL- or LDulbecco's Modified Eagle's Medium
DULBECCO'S SALTS DULCITOL
DUPLICATOR FLUID (METHANOL)
Duponol 80
DUZ-ALL (POWDERED ACRYLIC RESIN)
Dye solution, Aqueous
DYSPROSIUM CHLORIDE
E-Toxa-clean
ECONOFLUOR (XYLENE)
ECOSCINT A
EDAC (l-ethyl-3-(3-dimethylaminopropypcarbodiimide HCl)
EDTA (DISODIUM)
EDTA (TETRASODIUM SALT)
EDTA (TRISODIUM, MONOHYDRATE)
EDTA dipotassium salt
EGG ALBUMIN

Disposal Procedure in Chapter 7
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Neutralize base 3, pg. 169
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Normal trash I, pg. 170
Organic solvent/square (yellow) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 7, pg. 181
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
EGG YOLK, dessicated powder
EGTA
EHRLICH REAGENT (HCI, Aqu. solution)
EHRLICH'S REAGENT (IN ACIDIFIED METHANOL)
Eicosanoic acid
Eicosanol, 1ELON DEVELOPER
EM-GEL
EMBED (SOLIDIFIED)
EMETINE DIHYDROCHLORIDE
EMULPHOGENE (LIQ. POLYOXYETHYLENE)
EMULPHOR EL-620
Enanthic acid
ENFLURANE
EOSIN Aqueous Solution
EPHEDRINE HYDROCHLORIDE, dEPDXY RESIN (SOLIDIFIED)
EPDXY STRIPPER (DICHLOROMETHANE)
EPDXY-1-PROPANOL, 2,3Epoxy-3-phenoxypropane, 1,2EPDXYBUTANE, 1,2EPDXYETHYLBENZENE, 1,2EPDXYLITE SOVENT (XYLENE, TOLUENE)
Epoxypropane
EPPS, N-(2-hydroxyethyppiperazine-N-(3-propanesulfonic acid)
Erbium chloride
ERYTHRITOL, MESO
Erythrose, DErythrulose, DEschenmoser's salt or reagent
ETBE (ethyl t-butyl ether)
Etching solution (circuit boards)
ETHANE- l -HYDROXY-1,1-DIPHOSPHONATE, DISODIUM
ETHANOL
ETHANOL Aqu.Solution <35%
ETHANOLAMINE
ETHER
ETHIDIUM BROMIDE stained acrylamide gels
ETHOCEL
ETHOL [FILM DEVELOPER]
ETHOXYETHANOL, 2ETHOXYETHOXY)ETHANOL, 2-(2ETHOXYETHYL ACETATE, 2ETHOXYQUIN
ETHRANE
Ethyl (trimethylsilyl)acetate
ETHYL 3-(3-DIMETHYLAMINOPROPYL)CARBODIIAMIDE, 1- HCI
ETHYL ACETAMIDATE HYDROCHLORIDE
ETHYL ACETATE
ETHYL ACETOACETATE
ETHYL ACETONEDICARBOXYLATE
ETHYL ALCOHOL
Ethyl alpha-bromopropionate
ETHYL ANTHRANILATE
ETHYL BENZOATE
Ethyl beta-hydroxybutyrate

Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Sanitary sewer 7, pg. 181
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash I, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Sanitary sewer 7, pg. 181
Sanitary sewer 1, pg. 179
Normal trash I. pg. 170
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 8, pg. 181
Sanitary sewer 8, pg. 181
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
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Chemical Name

ETHYL BROMIDE
ETHYL BUTYRATE
ETHYL CAPROATE
ETHYL CARBITOL
ETHYL CARBITOL ACETATE
ETHYL CARBONATE
ETHYL CELLOSOLVE
ETHYL CELLOSOLVE ACETATE
ETHYL CELLULOSE
ETHYL CHLOROACETATE
ETHYL C1NNAMATE
ETHYL CYANOACETATE
ETHYL ETHER
ETHYL FORMATE
ETHYL FURMARATE
ETHYL GLYCOLATE
ETHYL HEPTANOATE
ETHYL HYDROCINNAMATE
ETHYL IODIDE
Ethyl isovalerate
ETHYL LACTATE
ETHYL LEVULINATE
ETHYL LINOLINATE
ETHYL MALEATE
ETHYL MALONATE
ETHYL n-BUTYRATE
ETHYL NICOTINATE
ETHYL OLEATE
ETHYL ortho-SILICATE, tetraETHYL OXALATE
ETHYL PHENYL ETHER
ETHYL PHENYLACETATE
ETHYL PROPIONATE
ETHYL PYRUVATE
ETHYL SALICYLATE
Ethyl silicate
ETHYL SUCCINATE
Ethyl t-butyl ether
ETHYL-1,3-HEXANEDIOL, 2ETHYL-1-BUTANOL, 2ETHYL-I-HEXANOL, 2ETHYLAMINE HYDROCHLORIDE
ETHYLAMINO)ETHANOL, 2-(
Ethylbenzene
ETHYLENE BROMIDE
ETHYLENE DIBROMIDE
ETHYLENE DICHLORIDE
Ethylene glycol
ETHYLENE GLYCOL DIACETATE
Ethylene glycol diethyl ether
ETHYLENE GLYCOL DIMETHYL ETHER
ETHYLENE GLYCOL MONO ACETATE
ETHYLENE GLYCOL MONOBUTYL ETHER
ETHYLENE GLYCOL MONOETHYL ETHER
ETHYLENE GLYCOL MONOETHYL ETHER ACETATE
ETHYLENE GLYCOL MONOLAURATE

Disposal Procedure in Chapter 7
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Sanitary sewer 8, pg. 181
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
ETHYLENE GLYCOL MONOMETHYL ETHER
ETHYLENE GLYCOL MONOMETHYL ETHER ACETATE
Ethylene glycol n-hexy1 ether
ETHYLENEBIS(BIGUANIDE) SULFATE
ETHYLENEBIS(OXYETHYLENENITRILO)TETRACETIC ACID
ETHYLENEDIAM1NE (ANHYDROUS)
ETHYLENEDI AMINE DIHYDROCHLORIDE
ETHYLENEDIAMINE-N,N-DIACETIC ACID
ETHYLENEDIAMINETETRAACETIC ACID (FREE ACID)
ETHYLENEDIAMINETETRAACETIC ACID, dipotassium salt
Ethylenediaminetetraacetic acid, tetrasodium salt dihydrate
ETHYLENEDIAMINETRIACETIC ACID
ETHYLENEDINITRILOTETRAACETIC ACID
ETHYLENEDINITRILOTETRAACETIC ACID, DISODIUM SALT
ETHYLIDENE DICHLORIDE
ETHYLTRIMETHYLAMMONIUM BROMIDE
EUCALYPTUS OIL
EUGENOL
Euparal, Essence
EUROPIUM (III) CHLORIDE HEXAHYDRATE
Europium(III) chloride, anhydrous
EUROPIUM(III) NITRATE PENTAHYDRATE
FA BUFFER (PHOSPHATE pH 7.2)
FA Mounting fluid (glycerol)
FAA (fixative solution)
FAD flavine-adenine dinucleotide, riboflavin 5'-adenine diphosphate
Farent's medium
Farnesol
Famesol, trans, transFC-43 (fluorocarbon)
FC-72 (perfluorinated hexanes)
FENCHONE
FERRIC AMMONIUM CITRATE
Ferric ammonium sulfate dodecahydrate
FERRIC CHLORIDE, HEXAHYDRATE
FERRIC CHLORIDE, Solution
FERRIC CITRATE
FERRIC DEXTRAN
Ferric nitrate
FERRIC NITRATE, hydrate
FERRIC OXALATE
FERRIC PERCHLORATE, hexahydrate
FERRIC PHOSPHATE, uibasic
FERRIC PYROPHOSPHATE
FERRIC SODIUM PYROPHOSPHATE
Ferric subsulfate solution
FERRIC SULFATE
FERRITIN solution
Ferroin
FERROUS AMMONIUM SULFATE
FERROUS CHLORIDE TETRAHYDRATE
FERROUS GLUCONATE
Ferrous lactate trihydrate
FERROUS PERCHLORATE
FERROUS SULFATE
Ferrous sulfate heptahydrate

Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Neutralize base 3, pg. 169
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Organic solvent/square (yellow) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 2, pg. 179
Sanitary sewer 3, pg. 180
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer I, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179 (Oxidizer)
Sanitary sewer 1,_pg. 179
Sanitary sewer I, pg. 179
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FFAP (FREE FATTY ACID STATIONARY PHASE)
FIBRIN
FICOLL
FISHER UNIVERSAL INDICATOR
FISKE+S UBBAROW REDUCER
FIXER (USED Solution, usually -2g/liter Ag+)
FIXER solution (photographic)
FL-70 (BIODEGRADABLE DETERGENT)
Flame Detector Cleaner No.1 (1,1,2-trichlorotrifluoroethane)
FLAMORT X
Flavianic acid
FLAVIN ADENINE DINUCLEOTIDE
Flavin mononucleotide, sod. salt (FMN)
FLORISIL
Fluo-3, pentapotassium salt solution
FLUOBORIC ACID 50%
FLUORESCEIN DISODIUM SALT
FLUORESCEIN DYE Aqu.Solution
FLUORESCEIN SODIUM
Fluorinert FC-43
Fluorinert FC-70
Fluoro-hance
FLUOROPAK (80)
FLUOROPHOSPHORIC ACID
FLUOROSILICONE OIL
FLUOSOL-DA
FLUOTHANE
Flushing fluid, for vacuum pump
FMN flavin mononucleotide, riboflavin monophosphate
FOMBLIN
FORANE
FORMALDEHYDE,Solution
Formaldehyde-sodium bisulfite
FORMALIN
Formalin, 10% neutral buffered
FORMAMIDE
Formamidinesulflnic acid
FORMIC ACID
Formic acid < 15% aqu.
Formic acid, sodium salt
FORMULA-989 (NEN)
FORMVAR (IN ETHYLENE DICHLORIDE)
FORMVAR (POLYVINYL ALCOHOL FORMAL)
Fowler's solution
FREMY'S SALT
FREON 113 (1,1,2-TRICHLOR0-1,2,2-TRIFLUOROETHANE)
Freon 141-b (1,1-dichloro-1-fluoroethane)
FREON TF (113)
FRUCTOSE, BETA-D(-)FRUCTOSE, D
FRUCTOSE-1,6-DIPHOSPHATE
FRUCTOSE-6-PHOSPHATE
FUCHSIN-ACID Aqu.Solution
Fucose, LFUCOSE, L-(-)- 1-phosphate
FUEL OIL

Disposal Procedure in Chapter 7
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Neutralize acid 3, pg. 169
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Neutralize acid 2, pg. 166
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Sanitary sewer 5, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 5, pg. 180
Sanitary sewer 5, pg. 180
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Neutralize acid 2, pg. 166
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 6, pg. 180
Sanitary sewer 2, pg. 179 (Oxidizer)
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
FULLER'S EARTH
FUMARIC ACID
FUMARIC ACID, SODIUM SALT
FURALDEHYDE, 2FURANCARBOXALDEHYDE, 2FURFURAL
FURFURYL ALCOHOL
FUROIC ACID, 2Fyrex
Fyrite (CO2 indicator)
Fyrquel 150
Gadolinium chloride hexahydrate
GALACTAN
GALACTONIC ACID
GALACTOSAMINE.HC1, D(+)GALACTOSE, DGALACTOSE-1-PHOSPHATE, a-DGALACTOSE-1-PHOSPHATE, DIPOTASSIUM SALT, a-DGALACTOSE-6-PHOSPHATE
GALAC'TURONIC ACID, D(+)Gallium aqueous standard 1000ppm Ga (gallium nitrate)
GALLIUM SULFATE
GALLIUM(III) CHLORIDE
Gallium(III) nitrate
Gamma-butyrolactone
Gamma-hydroxybutyrate, sod. salt
GANEX
GANEX Solution
GANTREZ M
Gasahol
GASOLINE
GDP (guanosine diphosphate)
GELATIN
GEL VATOL
Genesolv D (freon 113)
GENTIOBIOSE, BETAGERANIOL
Germanium aqueous standard 1000ppm Ge (ammon hexafluorogermanate)
GERMANIUM DIOXIDE
GHATTI GUM
GIBBERELLIC ACID, POTASSIUM SALT
GIEMSA STAIN (METHANOL Solution)
GLACIAL ACETIC ACID
GLIADIN
GLUCAGON
GLUCOASCORBIC ACID
Glucoheptose, DGLUCONIC ACID, DGLUCONIC ACID, D- Mg salt
GLUCONIC ACID, D- Na salt
Gluconolactone, DGLUCOSAMINE HYDROCHLORIDE, D(+)GLUCOSAM1NE, DGLUCOSE
Glucose 6-phosphate, D- sodium salt
Glucose beta-l-phosphate, D-

Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Organic solvent/square (yellow) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Neutralize acid 2, pg. 166
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179

Laboratory Safety Guide

250

Disposal Procedures by Chemical
Chemical Name

GLUCOSE DIPHOSPHATE, 1,6- BARIUM SALT
GLUCOSE STANDARD Aqu.Solution
GLUCOSE-1-PHOSPHATE, a-DGLUCOSE-1-PHOSPHATE, DIPOTASSIUM SALT, a-DGlucose-6-phosphate, D-, potassium salt
GLUCURONIC ACID
GLUCURONOLACTONE
GLUTAMIC ACID HYDROCHLORIDE, LGLUTAMIC ACID, L-(+)GLUTAMIC ACID, Na SALT
GLUTAMINE, LGLUTARALDEHYDE Aqu.Solution
GLUTARIC ACID
GLUTARIC ANHYDRIDE
GLUTARIC DIALDEHYDE Aqu.Solution
GLUTARONITRILE
GLUTATHIONE (FREE ACID)
Glutathione, L-, oxidized form
Glutathione, L-, reduced form
Glyceraldehyde, DGLYCERIC ACID, CALCIUM SALT, D(+)Glyceric acid, Calcium salt, DLGLYCERINE
GLYCEROL
Glycerol formal
GLYCEROPHOSPHORIC ACID, beta- DISODIUM SALT
GLYCERYL DIACETATE
GLYCERYL D1OLEATE
GLYCERYL MONOOLEATE
GLYCERYL MONOPALMITATE
GLYCERYL MONOSTEARATE
GLYCERYL TRIACETATE
GLYCERYL TRIBUTYRATE
GLYCIDOL
GLYCINE
GLYCINE ANHYDRIDE
GLYCINE ETHYL ESTER, HYDROCHLORIDE
GLYCINE HYDROCHLORIDE
GLYCOGEN
GLYCOLALDEHYDE (dimer)
GLYCOLIC ACID
Glycylaminomethanesulfonic acid, NGLYOXAL MONOHYDRATE
GLYOXYLIC ACID HYDRATE
GLYPHOSATE solution
GRAM CRYSTAL VIOLET Aqu. solution
GRAM DECOLORIZER (ISOPROPANOL)
GRAM IODINE Solution
GRAM IODINE STAIN,Solution
GRAPHITE
GTP
GUAIACOL
GUAIC GUM, POWDER
GUANIDINE
GUANIDINE CARBONATE
GUANIDINE HYDROCHLORIDE

Disposal Procedure in Chapter 7
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 2, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, Rs. 170
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
GUANIDINE ISOTHIOCYANATE
Guanidine nitrate
GUANIDINE SULFATE
GUANIDINE THIOCYANATE
GUANIDOACETIC ACID
GUANINE HYDROCHLORIDE
GUANOSINE
Guanosine 3':5'-cyclic monophosphoric acid
Guanosine 5'-diphosphate
Guanosine 5'-diphosphate periodate oxidized
GUANOSINE 5'-MONOPHOSPHATE
GUANYLUREA SULFATE
GUAR GUM
Gulose, DGUM ARABIC
GUM ARABIC Aqu.Solution
GUM GHATTI
Gum tragacanth
GUM TURPENTINE
Gum Xanthan
Hafnium aqueous standard 1000ppm I-If (hafnium tetrachloride)
HALOTHANE
HAMMOND DESSICANT (ANHYDROUS)
HANKER-YATES REAGENT
Hanks' Balanced Salts
HARDNER (ALUMINUM SULFATE AQU. SOLUTION)
Hematoxylin, iron (aqueous)
Hemo-De
HEPARIN-SODIUM
HEPARIN-SODIUM Aqu.Solution
HEPES, N-(2-hydroxyethyl)piperazine-N'-(2-ethanesulfonic acid)
HEPPSO, N-(2-hydroxyethyl)piperazine-N'-(2-hydroxypropanesulfonic acid
HEPTADECANOIC ACID
HEPTADECANOL
HEPTALDEHYDE
HEPTANE, nHEPTANESULFONIC ACID, 1- SODIUM SALT.HYDRATE
Heptanesulfonic acid, Sodium salt
HEPTANOIC ACID, nHEPTANOL ACETATE, 2Heptanol, 1HEPTANOL, nHEPTANONE, 2HEPTYL ACETATE, nHEPTYL ALCOHOL, nHEPTYLIC ACID, nHETRON (STYRENE POLYMERS)
HEXADECANAMIDE
Hexadecanoic acid
HEXADECANOL, 1HEXADECYLAMINE
Hexahydro-s-triazine 50% aqueous solution
HEXALDEHYDE, nHEXAMETAPHOSPHATE, sod. salt
HEXAMETHONIUM BROMIDE
HEXAMETHYLDISILOXANE

Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer I, pg. 179
Normal trash 1, pg. 170
Sanitary sewer I, pg. 179
Normal trash 1, pg. 170
Sanitary sewer I, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer I, pg. 179
Organic solvent/round (yellow) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer I, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer I, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer I, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
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Chemical Name

Hexamethylenetetramine
HEXAMETHYLPHOSPHORAMIDE
HEXAMETHYLPHOSPHORIC TRIAMIDE
HEXAMMINECOBALT(III) CHLORIDE
HEXANAL
HEXANE, nHEXANEDIOL, 1,611EXANEDIONE, 2,5HEXANES
HEXANESULFONIC ACID, Sodium salt
HEXANOIC ACID
HEXANOL, 1HEXANONE, 2HEXANONE, 3Hexene,
Hexose-1,6-diphosphate
HEXYL ACETATE, nHEXYL ALCOHOL, nHexyl cellosolve, nHEXYNE, 3HIPPURIC ACID
HIPPURIC ACID, SODIUM SALT
HISTAMINE DIHYDROCHLORIDE
HISTAMINE PHOSPHATE
HISTIDINE, L- HYDROCHLORIDE
HISTIDINE, L-(-)Histo-clear (limonene)
H1STOCLAD (XYLENE SOLUTION)
HOAGLAND'S Solution, aqu.
HOMOCARNOSINE, L-(+)Homocatechuic acid
HOMOCITRULLINE, LHOMOCYSTEINE, DLHomogentisic acid
HOMOSERINE, DLHOMOTRYPTAMINE HYDROCHLORIDE
HOYER'S (CHLORAL HYDRATE Solution)
HOYER'S MOUNTING MEDIA
HPLC aqueous wastes, mono-phase
HPMTS (2-HYDROXYPROPYL METHANETHIOSULFONATE)
HUMIC ACID
HYALURONIC ACID, POTASSIUM SALT
HYAMINE HYDROXIDE (AQU.SOLN.)
Hydranal Composite 5, solvent moisture reagent
Hydranal Water Standard 10.0
HYDRAULIC OIL
HYDRAZINE DIHYDROCHLOR1DE
HYDRAZINE HYDROCHLORIDE
HYDRAZINE SULFATE
HYDRAZINE SULFATE HYDROCHLORIDE
Hydriodic acid < 13% aqu. solution
HYDRIODIC ACID 57% aqu. solo.
Hydrobromic acid < 8% aqu. solution
HYDROBROMIC ACID 48% aqu. soln.
Hydrochloric acid <3.5% aqu. solution
HYDROCHLORIC ACID 37% aqu. soln.

Disposal Procedure in Chapter 7
Sanitary sewer 7, pg. 181
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer I, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Neutralize acid 5, pg. 167
Sanitary sewer 6, pg. 180
Neutralize acid 2, pg. 166
Sanitary sewer 6, pg. 180
Neutralize acid 2, pg. 166

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
HYDROCINNAMALDEHYDE
HYDROFLUOR (XYLENE based scintillation coctail)
Hydrofluoric acid <2% aqu. solution
HYDROFLUORIC ACID 51% aqu. solo.
Hydrofluoric acid solution
Hydrogen bromide 30% in acetic acid
Hydrogen fluoride-pyridine
Hydrogen peroxide 3 - 4% solution
Hydrogen Peroxide 30% w/w aqueous
Hydrogenated coconut oil
HYDROQUINONE
HYDROXY-2-BUTANONE, 3HYDROXY-4-METHYL-2-PENTANONE, 4HYDROXY-L-PROLINE, 4HYDROXYACETIC ACID DIHYDRATE
HYDROXYAMINE HYDROCHLORIDE
HYDROXYAPATITE
HYDROXYBENZALDFHYDE, 2HYDROXYBUTYRIC ACID, 3Hydroxybutyric acid, 4- Sodium salt
HYDROXYETHYL ETHER, 2Hydroxyethyl)-1-piperazineethanesulfonic Acid, 4-(2- (HEPES)
HYDROXYETHYL)PIPERAZINE, N-(2HYDROXYETHYL)PIPERAZINE-N'-2-ETHANESULFONIC ACID, N-(2HYDROXYETHYL)PIPERAZINE-N'-2-PROPANSULFONIC ACID, N-(2HYDROXYETHYLCELLULOSE, beta
HYDROXYETHYLIMINODIACETIC ACID, 2Hydroxyethylstarch powder
HYDROXYINDOLEACETIC ACID, 5HYDROXYISOBUTYRIC ACID, aHYDROXYLAMINE
HYDROXYLAMINE HYDROCHLORIDE
HYDROXYLAMINE SULFATE
HYDROXYLAMMONIUM ACETATE
HYDROXYLAMMONIUM CHLORIDE
Hydroxylapatite (for column chromatography)
HYDROXYMETHYL)AMINOMETHANE, TRIS-(
HYDROXYMETHYLFURFURAL, 5Hydroxymethylimidazole, 4- hydrochloride
HYDROXYPHENYLPYRUVIC ACID, p
HYDROXYPIPERDINE, 3- hydrochloride
HYDROXYPIPERDINE, 4HYDROXYPROLINE, 4HYDROXYPROPIONIC ACID, 2HYDROXYPROPIONIC ACID, 3HYDROXYPYRIDINE, 2flYDROXYPYRIDINE, 4HYDROXYQUINOLINE SULFATE, 8HYDROXYQUINONE
HYDROXYSUCCINIMIDE, N
HYDROXYTRYPTAMINE.HYDROCHLORIDE, 5HYDROXYTRYPTOPHANE, 5HYDROXYUREA
HYPO CLEARING AGENT
HYPONEX
HYRAX MOUNTING MEDIA

Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 6, pg. 180
Neutralize acid 3, pg. 166
Neutralize acid 3, pg. 166
Neutralize acid 2, pg. 166
Neutralize acid 3, pg. 166
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Neutralize acid 2, pg. 166
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
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HYSOL (RESIN)
Iditol, DIdose, DIgepal CA-630 (non-ionic detergent)
IMIDAZOLE
IMIDAZOLECARBOXYLIC ACID, 4Iminobispropylamine, 3,3IMINODIACETIC ACID
IMINODIACETIC ACID, DISODIUM SALT
IMMERSION OIL (NON PCB)
INDANE
INDENE
Indium aqueous standard 1000ppm In (indium(III) salt)
Indium chloride - anhyd.
Indium fluoride trihydrate
Indolene (a gasoline)
Indoline
INOSINE
INOSINE-5-PHOSPHATE, SODIUM SALT
INOSITOL,
INOSITOL, MY0INSTA-FLUOR
INSTA-GEL (XYLENE)
Instafluor (xylene)
IODIC ACID
IODINE Aqu.Solution
IODINE DISINFECTANT
IODINE TINCTURE
IODOACETIC ACID, SODIUM SALT
IODOBENZENE
Iodobutane, 1IODOETHANE
IODOMETHANE
ION EXCHANGE RESIN
IONAGAR
lonone, alphaIONONE, betaIPA (isopropanol)
IRON CHELATE (FeEDTA or Sequestrine)
IRON DEXTRAN
IRON GRANULES
Iron lactate
IRON PYROPHOSPHATE
IRON SEQUESTRINE 330
IRON STANDARD Aqu.Solution 1000PPM
IRON(II) CHLORIDE
Iron(II) chloride anhydrous
IRON(II) OXALATE
IRON(II) SULFATE HEPTAHYDRATE
Iron(II) tetrafluoroborate hexhydrate
IRON(III) AMMONIUM CITRATE
IRON(III) CHLORIDE, hydrate
IRON(III) CITRATE
Iron(III) nitrate
iso-Butanol
Iso-butyric acid

Disposal Procedure in Chapter 7
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Neutralize base 3, pg. 169
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
ISOAMYL ACETATE
ISOAMYL ALCOHOL
ISOAMYL ETHER
ISOAMYL SALICYLATE
ISOBUTANOL
ISOBUTYL ACETATE
ISOBUTYL ALCOHOL
ISOBUTYRALDEHYDE
ISOBUTYRAMIDE
ISOBUTYRIC ACID
ISOCAPROIC ACID
Isocitric acid, DLIsocitric acid, sodium or potass. salt
ISOEUGENOL
ISOFLURANE
ISOGLUTAMINE, LISOLEUCINE, LISONIAZID Aqu.Solution
ISONICOTINAMIDE
ISONICOTINIC ACID
ISONICOTIN1C ACID BYDRAZ1DE
Isonicotinic acid hydrochloride
ISOOCTANE
ISOPAR (NOS)
Isopentane
lsopentenyl chloride
ISOPENTYL ACETATE
ISOPENTYL ALCOHOL
ISOPHORONE
ISOPROPANOL
ISOPROPANOL Aqu.Solution < 18%
ISOPROPANOLAMINE
ISOPROPYL ACETATE
ISOPROPYL ALCOHOL
Isopropyl chloride
ISOPROPYL ETHER
ISOPROPYL FORMATE
ISOPROPYL PROPIONATE
Isopropylamine
ISOPROPYLBENZENE
Isoproterenol D-bitartrate, LISOPROTERENOL HYDROCHLORIDE
ISOQUINOLINE
ISOVALERALDEHYDE
ISOVALERIC ACID
1TACONIC ACID
Jet Fuel
JUNIPER TAR
KANAMYCIN SULFATE
KAOLIN
Kaolinite
Karl Fischer Reagent Solution (PYRIDINE, IODINE, SULFUR DIOXIDE)
Keltrol-T
Kepro (Ferric chloride solution)
KERATIN POWDER
KEROSENE

Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitar sewer I, • . 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 8, pg. 181
Sanitary sewer 8, pg. 181
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Neutralize base 3, pg. 169
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 8, pg. 181
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
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Keto-D-gluconic acid, 5KETOADIPIC ACID, aKETOBUTYRIC ACID, 2Ketobutyric acid, alphaKETOGLUTARIC ACID, ALPHAKODAK INDICATOR STOP BATH
KODAK PHOTO-PLO
KOJ1C ACID
KRILIUM
KYNURENINE SULFATE
KYNURENINE, DLLACQUER THINNER (TOLUENE)
LACTALBUMIN HYDROLYSA1E
Lactate magnesium
LACTIC ACID 85%
Lactic acid hemicalcium salt, L(+)Lactic acid, D-(-)- lithium salt
LACTIC ACID, L- or DLACTOSE
LANOLIN
Lanthanum aqueous standard 1000ppm La (lanthanum chloride)
LANTHANUM CHLORIDE anhydrous
LANTHANUM CHLORIDE HEPTAHYDRATE
LANTHANUM NITRATE
LANTHANUM SULFATE
LASER DYES (METHANOL or ETHANOL Solution)
Latex Aqueous Suspension
LAURALDEHYDE
LAURIC ACID
LAUROYLSARCOSINE SODIUM SALT, NLauroylsarcosine, N- (free acid)
LEAD ACETATE
LEAD ACETATE in Aqu.Solution
LEAD CITRATE
LEAD CITRATE Aqu.Solution
Lead nitrate
LEAD NITRATE AQU. SOLUTION
Lead salts in aqu. solution, Conc. x Vol. <0.5 Kg Pb
LEAD STANDARD 1000ppm Solution
LECITHIN (CONCENTRATE)
LEPIDINE
LESTOIL
LEUCINE, DLEUCINE, DLLEUCINE, LLevamisole
LEVIGATED ALUMINA (POLISHING CMP.)
LEVULINIC ACID
Levulinic acid, ethyl ester
LEVULOSE, D(-)LIDOCAINE HYDROCHLORIDE
Lidocaine Hydrochloride 2% soln
Lignoceric acid (tetracosanoic acid)
LIGROINE (BENZENE and hexanes)
Limonene oxide, (+)Limonene, (R)-(+)-

Disposal Procedure in Chapter 7
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Neutralize acid 2, pg. 166
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 3, pg. 180
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180 (Oxidizer)
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Normal trash I, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer I, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Or anic solvent/round (white) carboy, pg. 172

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
Limonine, dLinalool
LINOLEIC ACID
LINOLENIC ACID
LINSEED OIL
LIPASE
L1PIDEX-5000 (METHANOL solution)
LIPOIC ACID, alphaLIPOMUL
LIQUIFLOUR (TOLUENE solvent scint. cocktail)
Liquiscint (for aqu. radioactive counting)
LITHIUM ACETATE
LITHIUM ACETOACETATE
LITHIUM BICARBONATE
LITHIUM BROMIDE
LITHIUM CHLORIDE
LITHIUM FLUORIDE
LITHIUM IODIDE
LITHIUM LACTATE
Lithium metaborate
LITHIUM NITRATE
Lithium oxalate
LITHIUM PERCHLORATE
LITHIUM PYRUVATE HYDRATE
LITHIUM STEARATE
LITHIUM SULFATE
LITHIUM TETRACHLOROALUMINATE (ANHYDROUS BEADS)
Lithium tetrafluoroborate, 1M in acetonitrile
LITMUS
LOWACRYL INITIATOR
LUBROL (ALCOHOL POLYOXYETHYLENE)
Lubrol WX
Luciferin, D- potassium salt
LUGOLS (POTASS. IODIDE, IODINE)
Lumi-Phos 530
LUTIDINE, 2,4LUTIDINE, 2,6LYE
LYGOMME CDS (CARRAGEEN)
LYPHOGEL (POLYACRYLAMIDE GEL)
LYSINE DIHYDROCHLORIDE, LLYSINE MONOHYDROCHLORIDE, LLYSINE, DLYSINE, L- (FREE BASE)
Lysol disinfectant concentrate
Lyxose, DM-62 (SURFACTANT Solution)
M-Bond 200 catalyst (LI, 1-trichloroethane)
MacConkey agar base
MACHINE OIL
MAGNESIA
MAGNESIUM ACETATE
Magnesium bromate
MAGNESIUM BROMIDE (anhydrous)
MAGNESIUM CARBONATE
Magnesium chlorate

Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer I, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Neutralize base 1, pg. 168
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Organic solvent/square (yellow) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179 (Oxidizer)
Sanitary sewer 3, pg. 180
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179 (Oxidizer)
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Chemical Name

Magnesium chloride hexahydrate
MAGNESIUM CHLORIDE, ANHYDROUS
MAGNESIUM DISODIUM ETHYLENEDIAMINETETRAACETATE
Magnesium gluconate
MAGNESIUM HYDROXIDE
Magnesium lactate
Magnesium nitrate
MAGNESIUM NITRATE
MAGNESIUM OXIDE
MAGNESIUM PERCHLORATE ANHYDROUS
Magnesium phosphate, monobasic
MAGNESIUM PHOSPHATE, tribasic or neutral
MAGNESIUM SILICATE
MAGNESIUM STANDARD 1000ppm Solution
MAGNESIUM STEARATE
MAGNESIUM SULFATE ANHYDROUS (POWDER OR GRAINS)
MAGNESIUM SULFATE HEPTAHYDRATE
Magnesium trisilicate
Magnetite
MALEIC ACID
MAL1C ACID, LMALONALDEHYDEBIS(DIMETHYLACETAL)
MALONAMIDE
MALONDIALDEHYDE BIS(DIMETHYLACETAL)
MALONIC ACID
MALT EXTRACT
MALTINE
MALTOSE, D-(+)MANDELIC ACID, DLManganese carbonate
MANGANESE CHLORIDE
MANGANESE DISODIUM VERSENATE
Manganese lactate
MANGANESE NITRATE
MANGANESE NUCLEATE
Manganese orthophosphate
Manganese silicate
MANGANESE STANDARD 1000ppm Aqu. Solution
MANGANESE SULFATE HYDRATE
MANGANESE(II) ACETATE (manganous acetate)
Manganese(II) nitrate hydrate
MANGANOUS CHLORIDE
MANGANOUS PHOSPHATE, dibasic and tribasic
MANGANOUS SULFATE, tetra or penta hydrate
MANNITE (MANITOL)
MANNITOL SALT AGAR (MED)
MANNITOL, DMANNOHEPTULOSE, DMANNOSAMINE, DMANNOSE, D-(+)MANNOSE-6-PHOSPHATE
MARASPERSE (LIGNOSULFONATE)
MARGARIC ACID
May-Grunwald stain
MED1FLOR FC-80 Suspension
MEK (methyl ethyl ketone)

Disposal Procedure in Chapter 7
Sanitary sewer 1, pg. 179
Sanitary sewer 3, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 2, pg. 179
Sanitary sewer 3, pg. 180 (Oxidizer)
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash I, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash I, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
MELIBIOSE HYDRATE
Menthone
MERCAPT0-1,2-PROPANEDIOL, 3Mercaptoacetic acid
MERCAPTOACETIC ACID, SODIUM SALT
MERCAPTOETHANOL, 2MERCAPTOETHYLAMINE HYDROCHLORIDE, 2Mercaptopropionic acid, 2MERCAPTOPROPIONIC ACID, 3MES, 2-(N-morpholino)ethanesulfonic acid
MES1TYL OXIDE
MESITYLENE
Mesoxalic acid
Methacholine chloride
METHACRYLATE POLYMER
METHANESULFONIC ACID
METHANOL
METHANOL Aqu.Solution < 25%
METHAPYRILENE HYDROCHLORIDE
METHAPYRILENE Maleate or Fumarate
METHENAMINE (HEXAMETHYLENETETRAMINE)
METHIONINE, LMethionine-DL-sulfoximine, LMETHOCEL (METHYLCELLULOSE)
METHOXY-1,3-DIOXOLANE, 2METHOXY-2-PROPANOL ACETATE, IMETHOXY-2-PROPANOL, 1METHOXYAMINE HYDROCHLORIDE
Methoxybenzaldehyde, 4METHOXYETHANOL, 2METHOXYETHYL ETHER, 2Methoxyethylamine, 2Methoxyflurane
METHOXYLAMINE
METHOXYPHENOL, mMETHOXYPHENOL, oMETHOXYPYRIDINE, 2Methyl 5-aminovalerate hydrochloride
METHYL a-D-GLUCOSIDE
METHYL a-D-MANNOPYRANOSIDE
METHYL a-D-MANNOSIDE
METHYL a-D-XYLOSIDE
METHYL ABIETATE
METHYL ACETATE
Methyl acetimidate hydrochloride
METHYL ACETOACETATE
METHYL ALCOHOL
METHYL ALCOHOL -d
Methyl b-D-glucopyranoside
METHYL b-D-XYLOPYRANOSIDE
METHYL BENZOATE
METHYL BUTYRATE
Methyl caprate
METHYL CAPROATE
METHYL CAPRYLATE
METHYL CELLOSOLVE

Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 5, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 5, pg. 180
Sanitary sewer I, pg. 179
Sanitary sewer 5, pg. 180
Sanitary sewer 5, pg. 180
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Normal trash 1, pg. 170
Neutralize acid 2, pg. 166
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Neutralize base 3, pg. 169
Organic solvent/square (yellow) carboy, pg. 172
Neutralize base 3, pg. 169
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
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Chemical Name

Methyl cellulose
METHYL CHLOROACETATE
METHYL CROTONATE
Methyl cyanoacetate
Methyl D-mannoside, aMETHYL ETHYL KETONE
Methyl formate
Methyl glutathione, SMETHYL IODIDE
METHYL ISOBUTYL KETONE
METHYL LAURATE
METHYL LINOLEIC ESTER
METHYL LINOLENATE
METHYL n-PROPYL KETONE
METHYL OLEATE
METHYL ORANGE Aqu.Solution
METHYL ortho-SILICATE
METHYL PELARGONATE
METHYL PHTHALATE
METHYL PROPIONATE
Methyl pyruvate
METHYL RED INDICATOR Aqu.Solution
METHYL SALICYLATE
METHYL SILOXANE
METHYL SULFOXIDE
Methyl sulfoxide-D6, hexadeuterated
Methyl t-butyl ether
METHYL TRIMETHYLACETATE
METHYL VALERATE
METHYL-1-PROPANOL, 2METHYL-2,4-PENTANEDIOL, 2METHYL-2-BUTANOL, 2Methy1-2-butanol, 3Methy1-2-butanone, 3METHYL-2-BUTENE, 2Methy1-2-butene-l-ol, 3Methy1-2-pentanol, 4METHYL-2-PENTANONE, 4METHYL-2-PENTENE, 3METHYL-2-PROPANOL, 2METHYL-2-PYRROLIDINONE, 1METHYL-L-LYSINE, N(epsilon)METHYL-p-PHENYLENEDIAMINE, N- dihydrochloride
METHYLACETAMIDE, NMETHYLAL
METHYLAMINE 40% aquous soln.
METHYLAMINE HYDROCHLORIDE
Methylamine monohydrate or 64% solution
METHYLAMINO)ETHANOL, 2-(
METHYLAMINOPHENOL SULFATE, 4Methylaminophenol, p- sulfate
METHYLANILINE, NMETHYLBENZYL ALCOHOL, DL-aMETHYLBUTYRIC ACID, DL-2METHYLCHLOROFORM
METHYLCYCLOHEXANE

Disposal Procedure in Chapter 7
Normal trash 1,pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 7, pg. 181
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 7, pg. 181
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Neutralize base 2, pg. 168
Sanitary sewer 1, pg. 179
Neutralize base 2, pg. 168
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (yellow) carboy, pg. 172

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
METHYLCYCLOPENTADIENE DIMER
Methylcyelopentane
Methylbutane, 2- (isopentane)
METHYLCYTOS1NE, 5- HEM1HYDRATE
METHYLDIETHYLAMINE
METHYLENE BLUE Aqu.Solution
METHYLENE BROMIDE
METHYLENE CHLORIDE
METHYLENE DICHLORIDE
METHYLENE IODIDE
Methylethylenediamine, N
METHYLFORMAMIDE, NMETHYLGLUTARIC ACID, 3Methylglyoxal (acetylformaldehyde) 40% aqu.
METHYLHYDROXYLAMINE, N
Methylimidazole, 1Methylimidazole, 2METHYLIMIDAZOLE, NMETHYLIMIDAZOLE, N- hydrochloride
METHYLLACTIC ACID, 2METHYLMALONIC ACID
Methylmorpholine N-oxide, 4Methylmorpholine N-oxide, 4- 50% aqueous
Methylmorpholine, 4METHYLMORPHOLINE, NMETHYLMORPHOLINE-N-OXIDE, N
METHYLNAPIITHALENE, 1METHYLNICOTINAMIDE, 1- CHLORIDE
METHYLNICOTINAMIDE, 1- IODIDE
METHYLPENTANE, 2METHYLPHOSPHONIC ACID
METHYLPICOLINIC ACID, 6- HYDRATE
METHYLPYRIDINE, 2- (2-PICOLINE)
METHYLPYRROLE, NMETHYLSTYRENE, aMethyltetrahydrofuran, 2Methylthiophene, 2METHYLURACIL, 5- (THYMINE)
Methyluracil, 6METHYLUREA
METOFANE (METI1OXYFLURANE)
METOL (N-METHYL-p-AMINOPHENOL SULFATE)
MIBK
MICRODOL-X DEVELOPER (p-METHYLAMINOPHENOL SULFATE)
MICROPOLISH (ALUMINUM OXIDE)
MICROSTIX CANDIDA
Mild silver protein
MINERAL OIL (white)
MINERAL SPIRITS, DEAROMATIZED
MIXED BED RESIN NOS
MOCTAININ (MONODIGLYCERIDES)
Mol bdates in a u. solution, Conc. x Vol. < 250 Mo
Molybdenum aqueous standard 1000ppm Mo (ammon. heptamolybdate)
MOLYBDIC ACID
MONOACETIN (GLYCEROL monoacetate)
MONOACETYLGLYCEROL

Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 2, pg. 179
Neutralize base 3, pg. 169
Sanitary sewer 7, pg. 181
Organic solvent/round (yellow) carboy, pg. 172
Organic solvent/round (yellow) carboy, pg. 172
Organic solvent/round (yellow) carboy, pg. 172
Organic solvent/round (yellow) carboy, pg. 172
Neutralize base 3, pg. 169
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Neutralize base 3, pg. 169
Neutralize base 3, pg. 169
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (yellow) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 6, pg. 180
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
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MONOBROMOBENZENE
MONOCHLOROBENZENE
MONOETHANOLAMINE
MONOFLUOR
MONOSODIUM GLUTAMATE
MONOSTEARIN
Monothioglycerol, a- (3-mercapto-1,2-propanediol)
MOPS, 3-(N-morpholino)propanesulfonic acid
MOPSO, 3-(N-morpholino)-2-hydroxypropanesulfonic acid
MORPHOLINE
MORPHOLINE BUFFER
MORPHOLINO)ETHANESULFONIC ACID, 2-(NMORPHOLINO PROPANESULFONIC ACID, 3-(N- (MOPS)
MTBE (methyl t-butyl ether)
MIT (thiazolyl blue) 0.5% aqueous
MUCIC ACID
MUCOLEX
MUREXIDE
Muriatic acid (obsolete for hydrochloric)
MYO-INOSITOL
MYRCENE
Myrcene, beta
MYRISTIC ACID
NAD, beta
NADH, beta- disodium salt
NADP, beta
NADPH, beta-, tetrasodium salt
Nafion117 perfluorinated ion exchange resin
NAPHTHA (BENZENE,TOLUENE and other hydrocarbons)
NAPHTHALENE MONOBROMIDE, aNaphthalenedisulfonic acid, 2,6- sod. salt
NAPHTHOL-3,6-DISULFONIC ACID, 2- DISODIUM SALT
Nari ngin
NATROSOL
NCS*Tissue solubilizer (0.6N quaternary ammonium hydroxide in toluene)
NE260 LS COCKTAIL
NEATAN
NELSON COLOR REAGENT (ARSENOMOLYBDATE Aqu.Solution)
NEODOL 25-12
NEODYMIUM CHLORIDE
Neodymium chloride hexahydrate
NEODYMIUM NITRATE
NEOPEPTONE
NEOSTIGMINE BROMIDE
NEOVAC OIL
NEROL
NEUTOL LIQUID
NEUTRALIZER (TR1ETHYLAMINE/ACETONITRILE Solution)
NIACIN
NIACINAMIDE
NIACINAMIDE HYDROCHLORIDE
NICKEL ACETATE
Nickel alanate
NICKEL AMMONIUM SULFATE
NICKEL CHLORIDE
NICKEL EDTA

Disposal Procedure in Chapter 7
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 8, pg. 181
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Neutralize base 3, pg. 169
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
' Sanitary sewer 2, pg. 179
Neutralize acid 2, pg. 166
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
NICKEL IODIDE
Nickel lactate
NICKEL NITRATE
NICKEL PERCHLORATE hexahydrate
Nickel salts in aqu. solution, Conc. x Vol. <0.2 Kg Ni
NICKEL STANDARD 1000ppm Aqu.Solution
NICKEL SULFATE
Nickel(II) bromide
NICKELOUS CHLORIDE
NICKELOUS SULFATE
NICOT1NAMIDE
NICOTINAMIDE ADENINE DINUCLEOTIDE
NICOTINAMIDE ADENINE DINUCLEOTIDE PHOSPHATE, bNicotinamide adenine dinucleotide, b- disodium salt (reduced)
NICOTINAMIDE-N-OXIDE
NICOTINE Aqu.Solution
NICOTINE SULFATE Aqu.Solution, 40% nicotine
NICOTINIC ACID
NICOTINIC ACID HYDRAZIDE
NICOTINURIC ACID
NINHYDRIN
NINHYDRIN (IN ALCOHOL Solution)
Ninhydrin 0.2% in Ethanol
Ninhydrin in acetone soln.
Niobium aqueous standard 1000ppm Nb (niobium pentachloride)
Nitric acid, 70%
NITRILOTRIACETIC ACID, SODIUM SALT
NITROBENZENE
NITROETHANE
NITROGEN STANDARD
NITROMETHANE
NITROPHENOL (in PHOSPHATE BUFFER)
NITROPHENOL, 4- Aqu.Solution
NITROPHENYL b-D-GALACTOPYRANOSIDE, oNITROPHENYL b-D-GLUCURONIDE, pNITROPHENYL GLUTARATE, pN1TROPHENYL PHOSPHATE, p- DISODIUM SALT
NITROPHENYL SULFATE, p- POTASSIUM SALT
NITROPROPANE, 1NITROPROPANE, 2NITROPRUSSIDE, Sod. or Potass. salt
NITROTOLUENE, mNITROTOLUENE, oNo-Chromix
No-Chromix in sulfuric acid
Nochromix (ammonium persulfate)
Nochromix in sulfuric acid (cleaning soln)
Nonadecanoic acid
Nonane
Nonanoic acid
NONANOL, 1NONANONE, 5NONIDET P40
NONOIC ACID
NONYL ACETATE, nNONYL ALCOHOL, 1-

Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180 (Oxidizer)
Sanitary sewer 6, pg. 180 (Oxidizer)
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 1, tg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitar sewer 1, pg. 179
Organic solvent/round (white) carbo ,
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Neutralize acid 4, pg. 167
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179 (Oxidizer)
Neutralize acid 1, pg. 165
Sanitary sewer I, pg. 179 (Oxidizer)
Neutralize acid 1, pg. 165
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
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Chemical Name

NONYL ALDEHYDE
NONYLPHENOL ETHOXYLATE
Nor-epinephrine tartrate
NORBORNADIENE
Norepinephrine salt (aqueous solution)
NORITE (CARBON POWDER)
NORLEUCINE, LNORVALINE, DLNORVALINE, LNOVACULITE (NOVACITE)
NTG aqueous solution (nitroglycerine)
NUCHAR C UNGROUND CARBON
Nucleinic acid
NUTRIENT AGAR
NUTRIENT BROTH
O.C.T. compound (embedding medium)
Oatey Cleaner (MEK, welding plastic pipes)
Oatey Weld
OCTACOSANE
OCTADECANOIC ACID
OCTADECANOL, 1OCTADECANONE
OCTADECYLAMINE
OCTANE
OCTANESULFONIC ACID, SODIUM SALT, Aqueous
OCTANOIC ACID
OCTANOL, 1OCTANOL, 2OCTANONE, 2Octopine
Octyl alcohol (1-octanol)
OCTYL ALDEHYDE
OIL ORIGANUM
OLEAMIDE
OLEIC ACID
OLEYL ALCOHOL
OLIVE OIL
OMNIFLUOR
OPTIFLUOR
ORANGE PEEL OIL
ORBIT BATH (fixer wash)
ORCINOL MONOHYDRATE (5-METHYL RESORCINOL)
ORNITHINE HYDROCHLORIDE, LORNITHINE, DLOROTIC ACID HYDRATE
OV-101 (SUPELCOPORT)
OXALACETIC ACID
OXALIC ACID
OXALIC ACID, POTASSIUM SALT
Oxalosuccinic acid, Barium salt (alpha-ketoglutaric acid, Ba salt)
OXALURIC ACID
OXAMIDE
OXAZOLIDONE, 2Oxgall
Oxidising Reagent, DNA Synthesizing Kit (THF, Lutidine, Iodine Solution)
OXOHEXAMETHYLENEIMINE, 2-

Disposal Procedure in Chapter 7
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 2 pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 7, pg. 181
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 8, pg. 181
Sanitary sewer 7, pg. 181

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
OXONATE, POTASSIUM SALT
OXONE (POTASS. MONOPERSULFATE)
OXOTHIAZOLIDINE-4-CARBOXYLATE, 2OXSORBANT (CUPRIC SALT Aqu.solution)
OXYBISETHANOL, 2,2'OXYDIETHANOL, 2,2'OXYTHIAMINE CHLORIDE
PAINT AND VARNISH REMOVER
PAINT LIQUIDS, SEPARATED
PAINT SOLIDS, SEPARATED
PAINT THINNER (MINERAL SPIRITS)
PAINT THINNER (TOLUENE, METHANOL, ETHANOL)
PAINT THINNER real terpentine
Pakosol
Palatinol A
Palatinol M
Palladium aqueous standard 1000ppm Pd (palladium(II) chloride)
PALM ITIC ACID
PALMITOLEIC ACID
PANCREATIN
PANTOTHENIC ACID, HEMICALCIUM SALT
PANTOYL TAURINE, DPAPAVERINE HYDROCHLORIDE
PARABANIC ACID
PARAFFIN OIL
Paraffin wax (solid)
PARAFORMALDEHYDE Aqu.Solution
PARAPLAST (TOLUENE)
PARAPLAST Embedding Medium
PARAQUAT Aqu.Solution
PARTIS IL-10 (SILICA GEL)
Parts cleaner, flammable solvents
PCE (perchloroethylene, tetrachloroethylene)
PCS SOLUBILIZER (TOLUENE)
PEANUT OIL
PECTIC ACID
PEG > 1000 (SOLID)
PEG 200 - 400 (LIQUID)
PELARGONIC ACID
PENTACHLOROETHANE
Pentadecanoic acid
PENTAERYTHRITOL
Pentaethylene hexamine
Pentane
PENTANEDIOL
PENTANEDIONE, 2,4Pentanesulfonic acid, sodium salt
Pentanoic acid
PENTANOL, 1PENTANOL, 2PENTANOL, 3PENTANONE, 2PENTANONE, 3PENTYL ACETATE
PENTYL ALCOHOL, nPero (perchloroethylene, tetrachloroethylene)

Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash I, pg. 170
Sanitary sewer 7, pg. 181
Organic solvent/round (white) carboy, pg. 172
Normal trash I, pg. 170
Sanitary sewer 7, pg. 181
Normal trash I, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
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Chemical Name

PERCHLORIC ACID 72%
Perchloric acid solution 60%
PERCHLOROETHYLENE
Percoll
PERFECTION SAPP (SODIUM, ACID PYROPHOSPHATE)
Perillaldehyde, (S)-(-)Perillyl alcohol, (S)-(-)PERIODIC ACID
PERMAFLUOR (TOLUENE)
PERMOUNT (RESIN in TOLUENE)
PERMUTIT (ION EXCHANGE RESIN)
PEROXIDASE SUBSTRATE A (HYDROGEN PEROXIDE)
PEROXIDASE SUBSTRATE B (ABTS)
PETROLEUM DISTILLATE
PETROLEUM ETHER
Pevikon C-870
pH REFERENCE BUFFER Solution
pH STANDARD Solution
PHENANTHROLINE IRON Aqu.Solution
PHENANTHROLINE, tris-1,10- FERROUS SULFATE COMPLEX
PHENAZINE ETHOSULFATE
PHENAZ1NE METHOSULFATE
PHENETHYL ALCOHOL
PHENET1DINE, oPHENETIDINE, pPHENETOLE
PHENOL (LIQUIFIED) 88%phenol
Phenol (water saturated)
Phenol, Saturated, with buffer
Phenol-4-sulfonic acid
PHENOL-CHLOROFORM mixture
PHENOL-FORMALDEHYDE RESIN
PHENOL-RESCORCINOL RESIN
Phenol:chloroform:isoamyl alcohol 25:24:1
PHENOLIC RESINS
PHENOLPHTHALEIN in Alcohol - Indicator Solution
PHENOLPHTHALEIN mono-B-GLUCURONIC ACID
PHENOLPHTHALEIN PHOSPHATE, SODIUM SALT
PHENOLSULFON1C ACID, SODIUM SALT
PHENOXYETHANOL, 2PHENYL ACETATE
PHENYL B-D-GLUCURONIDE
PHENYL DISODIUM PHOSPHATE
PHENYL ETHYL ETHER
PHENYL PHOSPHATE, DISODIUM SALT
PHENYL SULFIDE
PHENYL-2-BUTANONE
Phenyl-2-propanone
Phenylacetone
Phenylalanine, DPhenylalanine, DLPHENYLALANINE, L
PHENYLCYCLOHEXANE
PHENYLENEDIAMINE DIHYDROCHLORIDE, m
PHENYLENEDIAMINE D1HYDROCHLORIDE, o
PHENYLENEDIAMINE DIHYDROCHLORIDE, p

Disposal Procedure in Chapter 7
Neutralize acid 4, pg. 167
Neutralize acid 4, pg. 167
Organic solvent/square (yellow) carboy, pg. 172
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 2, pg. 179 Oxidizer
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (yellow) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Organic solvent/round (yellow) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
PHENYLENEDIAMINE, mPHENYLETHYL ALCOHOL, 2PHENYLLACT1C ACID, DL-BPHENYLPROPANOL, 3Phenylpropionic acid, 2PHENYLPYRUVIC ACID
PHENYLTRIMETHYLAMMONIUM IODIDE
PHLOROGLUCIN
PHLOROGLUCINOL
PHOSPHATE BUFFER
PHOSPHATE BUFFER Aqu.Solution
PHOSPHAT1DYL CHOLINE, L-aPHOSPHATIDYL ETHANOLAM1NE
Phosphatidyl inositol
Phosphatidylcholine, L-a- (L-a-lecithin)
PHOSPHO(ENOL)PYRUVATE, CYCLOHEXYLAMMONIUM SALT
PHOSPHO-CITRATE BUFFER Aqu.Solution
PHOSPHO-DL-SERINE, 0Phosphocholine
Phosphocreatine, disodium salt
Phosphoethanolamine, 0PHOSPHOGLUCONATE, BARIUM SALT, 6PHOSPHOGLUCONIC ACID TRISODIUM SALT, 6PHOSPHOGLYCERIC ACID
PHOSPHOGLYCERIC ACID, TRISODIUM SALT
Phosphoglycolic acid
PHOSPHONOACETIC ACID
Phosphonomethyl)iminodiacetic acid, N-(
Phosphoric acid - d3 (deuterated) - D20
Phosphoric acid < 15% aqu. solution
PHOSPHORIC ACID, 85% or mono-hydrate
Phosphorous acid < 15% aqu. solution
Phosphorus aqueous standard 1000ppm P (diammon phosphate)
Phosphorylethanolamine, 0Phosphoserine, DL-0PHOSPHOTUNGSTIC ACID
Photo resist (ethylene glycol monomethyl ether acetate)
Photo Resist developer (xylene solution)
Photo Resist Dye in Xylene
PHOTO RESIST Solution (butyl acetate)
PHOTO-FLO 200 Solution
Photo-resist solution
Photographic fixer solution, used (2g/L silver usually)
PHYTIC ACID
PHYTOL
PICCOLYTE (POWDER)
PICCOLYTE ROCKS
PICKERS FIXER AND REPLENISHER Solution
PICOLINE, 2P1COLINE, 3PICOLINE, 4PICOLINIC ACID
P1COLINIC ACID, a- HYDROCHLORIDE
PICRIC ACID (SATURATED Aqu. Solution)
PICTOL
PIERSOLVE (dichloromethane)

Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer i, pg. 179
Sanitary sewer 1, pg. 179
Neutralize acid 2, pg. 166
Sanitary sewer 6, pg. 180
Neutralize acid 2, pg. 166
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Sanitary sewer 1, pg. 179
Organic solvent/square (yellow) carboy, pg. 172
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PIMELIC ACID
PINACOLONE
PINE RESIN
Pine rosin
PINENE, alphaPINENE, betaPipe Cleaner (acetone, MEK) for plastic pipes
Pipecolic acid
PIPERAZINE HEXAHYDRATE
PIPERIDINE
PIPERONYL BUTOXIDE
PIPES BUFFER
PIPES, 1,4-piperazine diethanesulfonic acid
PIVALDEHYDE
PIVALIC ACID
PLASTICIZER (DIBUTYLPHTHALATE)
Platinum aqueous standard 1000ppm Pt (chloroplatinic acid)
PLURACOL (POLYETHYLENEGLYCOL)
PLURONIC (PEG)
PLURONIC F68 POLYOXYETHYLENE-POLYOXYPROPYLENE
POLY(2-HYDROXYETHYLMETHACRYLATE)
POLY(ADENYLIC ACID), POTASSIUM SALT
Poly(cis-isoprene)
Poly(ethyl acrylate)
Poly(ethyl methacrylate)
Poly(ethylene glycol) 400
PoIy(ethylene glycol) 8000
Poly(ethylene glycol) liquid
POLY(ETHYLENE GLYCOL) mp > 45oC
Poly(ethylerie glycol) Mw 200
POLY(ETHYLENE OXIDE)
Poly(ethylene terephthalate)
POLY(L-a-ORNITHINE) HYDROBROMIDE
POLY(L-LYSINE) HYDROBROMIDE
POLY(METHYL METHACRYLATE)
POLY(N,N-DIMETHYL-3,5-DIMETHYLENEPIPERIDINIUM) aqueous
POLY(PROPYLENE GLYCOL)
Poly(styrene-butadiene)
POLY(STYRENESULFONATE salt)
POLY(VINYL ACETATE)
POLY(VINYL ALCOHOL)
POLY( VINYL ALCOHOL) aqueous liquid
POLY(VINYL CHLORIDE)
POLY(VINYL SULFATE) salt
Poly-fluor
Poly-L-lysine hydrochloride
Polyaerylamide
POLYACRYLAMIDE GEL
Polyacrylonitrile
Polyamide woelm tic
POLYBUTADIENE
Polycaprolactam
Polycarbonate resin
Polychlorobutadiene latex
Polychloroprene
Polyclar AT

Disposal Procedure in Chapter 7
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Neutralize base 3, pg. 169
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash I, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash I, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
Polydimethylsiloxane 200
POLYESTER RESIN (SOLID)
POLYETHYLENE, HIGH DENSITY
POLYETHYLENE, LOW DENSITY
POLYETHYLENEIMINE 50% Aqu.Solution
POLYGALACTURONIC ACID
POLYGLYCOL E400
POLYGLYCOL E4000
POLYISOBUTYLENE
POLYOL
POLYOXYETHYLATED VEG. OIL
POLYOXYETHYLENE 20 CETYL ETHER
POLYOXYETHYLENE LAURYL ALCOHOL
POLYOXYETHYLENE LAURYL ETHER
POLYOXYETHYLENE SORBITAN
POLYOXYETHYLENE SORBITAN MONOLAURATE
POLYOXYETHYLENE SORBITAN MONOOLEATE
POLYPHENYL ETHER
POLYSTYRENE
Polytetrafluoroethylene
POLYUR1DYLIC ACID POTASSIUM SALT, 3',5*Polyvinylpolypyrrolidone (cross-linked PVP)
POLYVINYLPYRROLIDONE Aqu.Solution
POPSO, piperazine-N,N'-bis(2-hydroxypropanesulfonic acid)
POTASH (GRANULAR)
POTASH SULFURATED
POTASSIUM ACETATE
Potassium acid iodate
Potassium acid tartrate
POTASSIUM ALUM
POTASSIUM ALUMINUM SULFATE
POTASSIUM ARSENATE
POTASSIUM ARSENITE Fowlers Solution (aqueous)
POTASSIUM BICARBONATE
POTASSIUM BITARTRATE
POTASSIUM BORATE
Potassium bromate
POTASSIUM BROMIDE
POTASSIUM CARBONATE
Potassium chlorate
POTASSIUM CHLORIDE
POTASSIUM CHLORITE
POTASSIUM CITRATE
POTASSIUM CYANATE
Potassium deuteroxide (40% in D20)
POTASSIUM DEXTRAN SULFATE
POTASSIUM DICHROMATE in SULFURIC ACID (as cleaning Solution)
POTASSIUM ETHYL XANTHATE
POTASSIUM ETHYLENEDIAMINETETRAACETATE
POTASSIUM FERRICYANIDE
POTASSIUM FERROCYANIDE
POTASSIUM FLUORIDE
Potassium galactonate
POTASSIUM HEXACYANOCOBALT(II) or (III)
POTASSIUM HEXACYANOCOBALTATE
POTASSIUM HEXACYANOMANGANESE(II) or (III)

Organic solvent/round (white) carboy, pg. 172
Normal trash I, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Neutralize base 1, pg. 168
Sanitary sewer 1, pg. 179
Neutralize acid 6, pg. 168
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 5, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
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Potassium hexafluorotitanate
Potassium hydrogen phosphate
Potassium hydrogenpersulfate
POTASSIUM HYDROXIDE
Potassium hydroxide < 5.6% aqu. solution
Potassium hydroxide, concentrated soln
POTASSIUM HYPOPHOSPHITE
POTASSIUM IODATE
POTASSIUM IODIDE
POTASSIUM IODOACETATE
POTASSIUM meta BISULFITE
POTASSIUM meta PERIODATE
Potassium molybdate
Potassium monofluorophosphate
POTASSIUM NITRATE
Potassium nitrite
POTASSIUM NITROFERRICYANIDE
POTASSIUM NITROPRUSSIDE
POTASSIUM NITROSODISULFONATE
POTASSIUM OXALATE
POTASSIUM PERIODATE
Potassium permanganate (small quantity)
POTASSIUM PERMANGANATE Aqu.Solution
POTASSIUM PERSULFATE
POTASSIUM PHOSPHATE
POTASSIUM PHOSPHATE DIBASIC
POTASSIUM PHOSPHATE MONOBASIC
POTASSIUM PHOSPHATE TRIBASIC
POTASSIUM PYROPHOSPHATE
POTASSIUM SILICATE Aqu.Solution
POTASSIUM SODIUM TARTRATE
POTASSIUM SORBATE
POTASSIUM SULFATE
POTASSIUM SULFITE
POTASSIUM TARTRATE
POTASSIUM TE1RABORATE tetrahydrate
POTASSIUM TETRABROMOALUMINATE
POTASSIUM THIOACETATE
POTASSIUM THIOACETIC ACID
POTASSIUM THIOCYANATE
POTASSIUM TUNGSTATE
POTATO DEXTROSE AGAR
Praseodymium aqueous standard 1000ppm Pr (praseodymium chloride)
PRASEODYMIUM CHLORIDE
PRASEODYMIUM NITRATE
PREPODYNE (AQU.- Alcohol IODINE Solution)
PRIMER, paint
PRISTANE
PRO-TEXX (ACRYLIC POLYMER IN TOLUENE)
Procainamide hydrochloride
PROCAINE HYDROCHLORIDE
PROFLAVINE DIHYDROCHLORIDE
Proline, DPROLINE, LPROPANAMINE, IPROPANEDIAMINE, 1,3-

Disposal Procedure in Chapter 7
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Neutralize base 1, pg. 168
Sanitary sewer 6, pg. 180
Neutralize base 1, pg. 168
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 5, pg. 180
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2Lpg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 5, pg. 180
Sanitary sewer 5, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 8, pg. 181
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Neutralize base 3, pg. 169
Neutralize base 3, pg. 169

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
PROPANEDIOL, 1,2PROPANEDIOL, 1,3PROPANENITRILE
PROPANETRICARBOXYLIC ACID, 1,2,3Propanoic acid
PROPANOL, IPROPANOL, 2- or isoPROPANOL, nPROPIOLACTONE, b- (SOLID RESIDUE)
PROPIONALDEHYDE
PROPIONIC ACID
PROPIONIC ACID, SODIUM SALT
Propionitrile
PROPIOPHENONE
PROPRANOLOL HYDROCHLORIDE
PROPYL ACETATE, nPROPYL ALCOHOL, nPROPYL ETHER
PROPYL FORMATE, nPROPYL OLEATE
PROPYLAMINE, nPROPYLBENZENE
PROPYLENE CARBONATE
PROPYLENE DICHLORIDE
PROPYLENE GLYCOL
PROPYLENE GLYCOL DILAURATE
Propylene glycol methyl ether acetate
PROPYLENE GLYCOL MONOLEATE
Propylene glycol, diglycidyl ether (DER 736)
PROPYLENE OXIDE
PROPYLENEIMINE, 1,2PROSIL-28
PROSIL-28 (SEMI-SOLID)
PROTAMINE
PROTAMINE NUCLEINATE
PROTAMINE SULFATE
PROTOSOL (TOLUENE based SOLUBILIZER)
PSEUDOCUMENE
PSEUDOIONONE
Psicose, DPULLULAN
PUMICE
PUMP OIL (SOLVENT CONTAMINATED)
PUMP OIL (vacuum pumps)
PUTRESCINE, free base
PUTRESCINE.DIHYDROCHLORIDE
PVC CEMENT dried out
PYRAZINE
PYRAZOLE
PYREX (GLASS BEADS)
PYRIDINE
PYRIDINE-BARBITURIC ACID
PYRIDINE-HYDROFLUORIC ACID
PYRIDINEALDOXIME METHIODIDE, 2PYRIDINEALDOXIME METHYL METHANESULFONATE, 2PYRIDINEALDOXIME, 2-

Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash I, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Neutralize base 3, pg. 169
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy,pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboypg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Neutralize base 3, pg. 169
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 7, pg. 181
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Neutralize acid 3, pg. 166
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
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PYRIDINESULFONIC ACID, 3Pyridinio)-1-propanesulfonate, 3-(lPYRIDOSTIGMINE BROMIDE
PYRIDOXAL
PYRIDOXAL 5-PHOSPHATE
Pyridoxamine dihydrochloride
PYRIDOXINE HYDROCHLORIDE
PYRIDYL)PYRIDINIUM CHLORIDE, 1-(4- HYDROCHLORIDE
PYRIDYL)PYRIDINIUM CHLORIDE, N-(4PYRIDYLACETIC ACID, 3PYRIDYLCARBINOL, 4PYRILAMINE MALEATE
PYROCATECHOL
PYROGALLIC ACID
PYROGALLOL
PYRROLE
PYRROLE CARBOXYLIC ACID
PYRROLIDINE
PYRROLIDINEDITHIOCARBAMATE, AMMONIUM SALT
PYRROLIDINOL, 3PYRROLIDINONE, 2PYRROLIDONE-5-CARBOXYLIC ACID
Pyrroline, 3PYRUVIC ACID
Pyruvic acid methyl ester
PYRUVIC ACID, LITHIUM SALT
Pyruvic acid, methyl ester
PYRUVIC ACID, SODIUM SALT
PYRUVIC ALDEHYDE 30% Aqu.Solution
QAE-SEPHADEX
QUADROL
QUENCH FLUID
QUINALDIC ACID
QUINALDINE (2-METHYLQUINOLINE)
QUINAZARIN-2-SULFONIC ACID, SODIUM SALT
QUINIC ACID, dQuinine hydrochloride
Quinizarin sulfonate, 2- sod. salt
QUINOLINE
QUINOLINE HYDROCHLORIDE
QUINONE Aqu.Solution
R.B.S. cleaning solution
RAD (3M rapid access developer)
RAFFINOSE
Raffinose, D(+)- pentahydrate
RBS 35 Detergent Concentrate
Ready Safe (Beckman Scint Cocktail)
READY SOLV (PSUEDOCUMENE)
Reagent Alcohol (ethanol w. 5% @ methanol & isopropanol)
RED GAGE OIL
REGULAID (POLYOXYETHYLENE)
RESAZURIN Aqu.Solution
RESORCINOL
RESORCYLIC ACID
REVERSIL
REXYN (ION EXCHANGE RESIN)

Disposal Procedure in Chapter 7
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Neutralize base 3, pg. 169
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Neutralize base 1, pg. 168
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
Rhamnose, LRHODIUM(III) CHLORIDE HYDRATE
RHODIZONIC ACID, DIPOTASSIUM SALT
RHODIZONIC ACID, DISODIUM SALT
RIA-SOLVE II
RIBITOL
RIBONUCLEIC ACID
Ribose 5-phosphate, D- disodium salt
RIBOSE, DRibulose, DRinger's solution
RNA Denaturing solution (guanidine isothiocyanate)
RNA Phenol (water saturated)
ROGERSOL-ITE (Me0H, ACETONE&TOLUENE LIQUID mixture)
ROSIN POWDER
ROSIN, LUMP
Round-up (25% glyphosate, isopropylamine salt)
RPI SCINT. COCKTAIL (TOLUENE)
Rubber caulk 150 sealant
RUBBER CEMENT THINNER
RUBIDIUM ACETATE
RUBIDIUM CHLORIDE
RUBIDIUM FLUORIDE
Rubidium iodide
RUBIDIUM SULFATE
RUBIDIUM TRIIODIDE
RUTHENIUM RED
Ruthenium(III) chloride hydrate
RYANODINE
SACCHARIC ACID-1,4-LACTONE, DSACCHARIN, SODIUM SALT
SACCHAR0-1,4-LACTONE
SAFETY-COUNT
SAFETY-SOLVE
SAGE OIL
SALICIN
SALICYLALDEHYDE
Salicylic acid, sodium salt
SALTPETER
SAMARIUM(III) CHLORIDE (hydrate)
SAMARIUM(III) SULFATE (hydrate)
SAND
SANIDET (CLEANER)
Santovac (polyphenyl ether)
SANTO VAC 5 (VACUUM PUMP OIL)
SARAN RESIN
SARCOSINE ANHYDRIDE
SARCOSINE HYDROCHLORIDE
SARKOSYL (DETERGENT)
SARKOSYL L
Scandium aqueous standard 1000ppm Sc (scandium chloride)
Scandium chloride
SCHIFFS REAGENT Aqu.Solution
SCINT-A (XYLENE)
SCINT.COCKTAIL, 3a70b
Scint.Cocktail, Bio-safe H

Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
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SCINTI VERSE BIO-HP
SCINTIGEST (ETHYLENE GLYCOL)
SCINTISAFE ECONO 2
SCINTISOL (TOLUENE)
Scopolamine hydrobromide
SCOPOLAMINE METHYL BROMIDE
SCOPOLAMINE METHYL NITRATE
SCOPOLINE
SE-30 stationary phase
SEA MARINE MIX
SEA SAND
SEA SORB (MAGNESIUM OXIDE)
SEAKEM 0
SEBACIC ACID
SEDOHEPTULOSE ANHYDRIDE
SELENIUM STANDARD 1000ppm Aqu.Solution
Semi-etch (nitric acid)
SEMICARBAZIDE HYDROCHLORIDE
SEPARAN AP-30 Aqu.Solution
SEPARAN AP-30 powder
SEPHACEL, DEAE-sephacel
SEPHACRYL
SEPHADEX
SEPHADEX, DEAESEPHAROSE
SEPHAROSE (CYANOGEN BROMIDE activated)
SEQUESTRENE IRON (EDTA CHELATE)
Serine, DLSERINE, LSEROTONIN
Serum, solids or aqueous proteins
Sesame oil
SGM-11 (DOW CORNING)
SHELLAC GUM
SHIKIMIC ACID, (-)SHORR STAIN (ETHANOL)
SIGMA 7-9 [TRIS(HYDROXYMETHYL)AMINOMETHANE]
Sigma-fluor
SIGMACOTE
Silar 10C (cyanopropyl silicone column packing)
SILASTIC SILICONE RUBBER
SILICA
SILICA GEL (unused)
SILICA SAND
Silica, aqueous colloidal
SILICAR (TLC SORBANT)
SILICARE (COATING SILICONE)
SILICIC ACID
SILICLAD (t-BUTANOL solvent)
Silicon Boride
SILICON CARBIDE
SILICON CRYSTAL
SILICON DIOXIDE
Silicon Nitride
SILICONE AND PARAFFIN OILS
SILICONE DEFOAMER

Disposal Procedure in Chapter 7
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash I, pg. 170
Sanitary sewer 2, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Neutralize acid 4, pg. 167
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
Silicone oil
SILICONE RUBBER
SILICONIZED GLASS WOOL
SILICOTUNGSTIC ACID
SILVER ACETATE
Silver concentrate (silver stain kit)
SILVER FLUORIDE
SILVER LACTATE
SILVER Mirrors on glass
SILVER NITRATE
SILVER NITRATE Aqu.Solution < 15%
Silver nitrate solution 5% aqueous
SILVER PROTEIN (MILD or STRONG)
Silver salts in aqu. solution, Conc. x Vol. < 300 g. Ag
Silver stain solution (used)
SILVER STANDARD 1000ppm Aqu.Solution
SILVER TETRAFLUOROBORATE
SILYL-8 (TRIMETHYLSILYLAMINE)
SINALBIN
SINIGR I N
SKELLY A (PENTANE)
SKELLY B (HEXANE)
SKELLY E
SKELLY V (MINERAL SPIRIT)
SKELLYSOLVES
Snoop, gas leak detector
SNOW WHITE PETROLETUM
SODA ASH
SODIUM 1,8-DIHYDROXYNAPHTHALENE-3,6-DISULFONATE
SODIUM ACETATE
SODIUM ACETATE BUFFER SOLUTION
SODIUM ACETYLACETONATE, Na(acac)
SODIUM ACID PYROPHOSPHATE, SAPP
SODIUM ACRYLATE
SODIUM ALGINATE
SODIUM ALUMINATE
SODIUM ALUMINUM PHOSPHATE
SODIUM AMINOHIPPURATE
SODIUM AMMONIUM PHOSPHATE
SODIUM ARABATE
SODIUM ARSENATE
SODIUM ARSENITE Aqu.Solution
SODIUM ASCORBATE
SODIUM AUROSULFITE Aqu. Solution
SODIUM b-GLYCEROPHOSPHATE
SODIUM b-NAPHTHOQUINONE-4-SULFONATE
SODIUM BENZENE SULFONATE
SODIUM BENZOATE
SODIUM BICARBONATE
SODIUM BIPHOSPHATE
SODIUM BISULFITE
SODIUM BORATE
SODIUM BOROFLUORIDE
SODIUM BROMATE
SODIUM BROMIDE
SODIUM BUTYRATE

Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Normal trash I, g. 170
Sanitary sewer 6, pg. 180 (Oxidizer)
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy,pg. 172
Organic solvent/round (white) carboy,pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer I, pg. 179
Normal trash 1, pg. 170
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 1, p_g. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 5, pg. 180
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
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Chemical Name

SODIUM CACODYLATE
SODIUM CACODYLATE BUFFER Aqu.Solution
SODIUM CARBAMATE
SODIUM CARBONATE
SODIUM CARBONATE Aqu.Solution
SODIUM CARBOXYMETHYLCELLULOSE
SODIUM CARBOXYMETHYLCELLULOSE (GEL)
SODIUM CASEINATE
SODIUM CHLORATE
SODIUM CHLORIDE
SODIUM CHLORITE
SODIUM CITRATE
SODIUM COBALTINITRITE
SODIUM CYANATE
SODIUM DESOXYCHOLATE
SODIUM DESOXYRIBONUCLEATE
SODIUM DEXTRAN SULFATE
SODIUM DIATRIZOATE
SODIUM DICHROMATE IN SULFURIC ACID Solution
Sodium dihydrogen citrate
SODIUM DIMETHYLARSINATE
SODIUM DIOCTYLSULFOSUCCINATE
SODIUM DITHIONATE
SODIUM EDTA
SODIUM FERRICYANIDE
SODIUM FERROCYANIDE
SODIUM FLUOBORATE
SODIUM FLUORIDE
SODIUM FLUOROBORATE
Sodium fluorophosphate
SODIUM FORMALDEHYDE BISULFITE
SODIUM FORMALDEHYDE SULFOXYLATE
SODIUM FORMATE
SODIUM GLUCURONATE
SODIUM GLUTAMATE
SODIUM GLYCEROPHOSPHATE, beta- PENTAHYDRATE
SODIUM GUANYLATE
SODIUM HEPARIN
SODIUM HEPTADECYL SULFATE aqu. (TERGITOL)
SODIUM HEPT'ANESULFONATE
SODIUM HEXAFLOUROPHOSPHATE
SODIUM HEXAFLUOROALUMINATE
SODIUM HEXAMETAPHOSPHATE
SODIUM HEXANITROCOBALTATE
SODIUM HIPPURATE
SODIUM HYDROGEN ortho-PERIODATE
SODIUM HYDROGEN PHOSPHATE
Sodium hydrogensulfite
Sodium Hydroxide (pellets)
Sodium hydroxide <4% aqu. solution
SODIUM HYDROXIDE 50% solution
Sodium hydroxymethylsulfonate
SODIUM HYPOCHLORITE AQU.SOLUTION
SODIUM HYPOCHLORITE-HYDRATE
SODIUM HYPOPHOSPHITE
Sodium hypoxanthine

Disposal Procedure in Chapter 7
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Neutralize acid 6, pg. 168
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 5, pg. 180
Neutralize base 1, pg. 168
Sanitary sewer 6, pg. 180
Neutralize base 1, pg. 168
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
SODIUM IODATE
SODIUM IODIDE
SODIUM IODOACETATE
SODIUM LACTATE
SODIUM metaBISULFITE
SODIUM METABORATE
SODIUM METAPERIODATE
SODIUM METAPHOSPHATE
Sodium methyl sulfate
SODIUM MOLYBDATE
Sodium nitrate
Sodium nitrite
SODIUM NITROFERRICYANIDE
SODIUM NITROPRUSSIDE
SODIUM NUCLEATE
SODIUM OLEATE
SODIUM ORTHOVANADATE
SODIUM OXALATE
SODIUM p-AMINOSALICYLATE
SODIUM p-TOLUENESULFONATE
SODIUM para PERIODATE, triSODIUM PENTACYANOAMINE FERROATE
SODIUM PERBORATE TETRAHYDRATE
Sodium perchiorate
SODIUM PERIODATE
Sodium peroxydisulfate
SODIUM PERSULFATE
SODIUM PHENOLATE
SODIUM PHENYLPYRUVATE
SODIUM PHOSPHATE
SODIUM PHOSPHATE DIBASIC heptahydrate
Sodium phosphate glass
SODIUM PHOSPHATE MONOBASIC dihydrate
SODIUM PHOSPHATE TRIBASIC octa or dodecahydrate
SODIUM PHOSPHITE
SODIUM PICRATE Aqu.Solution (indicator for acid-base)
Sodium polypectate
SODIUM POLYPHOSPHATE
SODIUM POTASSIUM TARTRATE
SODIUM PYROPHOSPHATE
SODIUM PYRUVATE
SODIUM SACCHARIN
SODIUM SALICYLATE
SODIUM SILICATE Aqu.Solution
SODIUM SILICO-ALUMINATE
SODIUM STANNATE
SODIUM STEARATE
SODIUM SUCCINATE
SODIUM SULFATE DECAE-LYDRATE
SODIUM SULFATE, ANHYDROUS
SODIUM SULFITE
SODIUM SULFOCYANATE
SODIUM S ULPHACETAMIDE
SODIUM TARTRATE
SODIUM TAUROCHOLATE
SODIUM TETRABORATE

Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 5, pg. 180
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 2, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
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SODIUM TETRACHLOROALUMINATE
Sodium tetrachioropalladate
SODIUM TETRAFLUOROBORATE
SODIUM TETRAPHENYLBORATE
SODIUM TETRAPHOSPHATE
SODIUM TETRATI-IIONATE
SODIUM TI-IIOCARBONATE
SODIUM THIOCYANATE
SODIUM THIOCLYCOLATE
SODIUM THIOPHOSPHATE dodecahydrate
SODIUM THIOSULFATE pentahydrate
SODIUM TR1FLUOROACETATE
SODIUM TUNGSTATE
SOLKA FLOC
Solketal
SOLUENE-350 (TOLUENE)
SOLVENT REDUCER (TOLUENE)
SORBIT AC
SORBITAN MONOOLEATE (SPAN 80)
SORB ITAN TRIOLEATE
SORBITOL BORATE
SORBITOL OXYPROPYLENE ETHER
Sorbitol, DSORBOSE, LSOYBEAN OIL
SP-SEPHADEX
SPANS
SPEARMINT OIL
Spermidine (free base)
SPERMIDINE HYDROCHLORIDE
Spermidine phosphate salt
SPERM INE TETRAHYDROCHLORIDE
SPHINGOMYELIN
Sphingosine sulfate, DLSPILL TAMER ABSORPTIVE MINERAL
Spirit Duplicating Fluid (methanol)
SQUALENE
STACHYOSE
Stain solution, aqueous
STANISOL
STANNIC OXIDE
STANNOUS 2-ETHYLHEXANOATE
STANNOUS ACETATE
STANNOUS CHLORIDE DIHYDRATE
STANNOUS FLUORIDE
STANNOUS OCTOATE (T-9 CATALYST)
STANNOUS OLEATE
STANNOUS SULFATE
STAPHYLOCOCCUS MEDIUM
STARCH
STARCH SOLUBLE
STEARAMIDE
STEARIC ACID
STEARIC ACID MONOGLYCERIDE
STEARIC ACID, CALCIUM SALT
STEARIC ACID, LITHIUM SALT

Disposal Procedure in Chapter 7
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
STEARIC ACID, SODIUM SALT
STEARYL ALCOHOL
STEARYLAMINE
Sterile diluent (water)
STODDARD SOLVENT
STOP BATH Aqu.Solution
Strong silver protein
STRONTIUM ACETATE
Strontium alanate
STRONTIUM CARBONATE
STRONTIUM CHLORIDE
STRONTIUM GLYCINATE
Strontium lactate
STRONTIUM MONOCHLOROACETATE
Strontium nitrate
Strontium perchlorate
STRONTIUM SULFATE
STYRENE (POLYMERIZED)
STYRENE OXIDE
Suberic acid
SUCCINIC ACID
SUCCINIC ACID DIMETHYL ESTER
Succinic acid disodium salt
SUCCINIMIDE
SUCOSTRIN
SUCROSE
SUCROSE OCTAACETATE
SUGAR STANDARD Aqu.Solution
SULFACETAMIDE SODIUM SALT
SULFOLANE
SULFOLENE, 3SULFONATED RESIN, SALT
SULFOSALICYLIC ACID, 5SULFUR LUMP
SULFURATED POTASH
SULFURIC ACID
SULFURIC ACID (96% IN D20)
Sulfuric acid < 5 % aqu. solution
Sulfurous acid < 10% aqu. solution
SULPHATHIAZOLE, SODIUM SALT
Sunflower oil
SUPELCOPORT SP-2I6-PS
SUPRANE (+ +1,2,2,2-tetrafluoroethyl difluoromethyl ether
SURFONIC
Syntholube (polybutene)
Tagatose, DTalose, DTAPAZOLE (ME'THIMAZOLE)
TAPS, N-tris(hydroxymethypmethy1-3-aminopropanesulfonic acid
TAPSO, 3-(N-tris(hydroxymethyl)methylamino)-2-hydroxypropanesulfonic
TARTAR EMETIC
Tartaric acid diethyl ester, L-(+)Tartaric acid, D,LTARTARIC ACID, DTARTRAZINE
TAURINE

Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179 (Oxidizer)
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Neutralize acid 1, pg. 165
Neutralize acid 1, pg. 165
Sanitary sewer 6, pg. 180
Sanitary sewer 5, pg. 180
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
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TAUROCHOLIC ACID, SODIUM SALT
TCE (trichloroethylene)
TEA (triethylamine)
TEAE-cellulose anion exchange
TEMED (TETRAMETHYLETHYLENEDIAMINE, N,N,N',N'-)
TEMED Aqu.Solution
Terbium chloride hydrate
TERGITOL Aqueous
TERGITOL-NONIONIC NPX
Terpinen-4-ol
TERPINENE, alphaTERPINENE, gammaTERPINEOL ACETATE
TERPINEOL, alpha- (d,I)
Terpinyl acetate, (+ +aTES, N-tris(hydroxymethyl)methy1-2-aminoethanesulfonic acid
TETRA(n-BUTYL)AMMONIUM HYDROXIDE
TETRABROMOETHANE, 1,1,2,2TETRABROMOETHANE, symTetrabutyl titanate
TETRABUTYLAMMONIUM BROMIDE
TETRABUTYLAMMONIUM CHLORIDE
TETRABUTYLAMMONIUM FLUORIDE (1M IN THF)
Tetrabutylammonium fluoride aqu. soln.
TETRABUTYLAMMONIUM HEXAFLUOROPHOSPHATE
TETRABUTYLAMMONIUM HYDROGEN SULFATE
Tetrabutylammonium hydrogenpersulfate
TETRABUTYLAMMONIUM HYDROXIDE 40% aqu.
TETRABUTYLAMMONIUM IODIDE
TETRABUTYLAMMONIUM PERCHLORATE
TETRABUTYLAMMONIUM PERIODIATE
TETRABUTYLAMMONIUM PHOSPHATE
Tetracaine Hydrochloride
TETRACHLOROETHANE, 1,1,1,2TETRACHLOROETHANE, 1,1,2,2TETRACHLOROETHYLENE
TETRACHLOROMETHANE
TETRADECANE, nTetradecanoic acid
'FE, I RAETHOXYAMMONIUM HYDROXIDE
TETRAETHOXYPROPANE, 1,1,3,3TETRAETHOXYSILANE
TETRAETHYL orthoSILICATE
TETRAETHYLAMMONIUM BROMIDE
TETRAETHYLAMMONIUM CHLORIDE HYDRATE
TETRAETHYLAMMONIUM FLUORIDE HYDRATE
Tetraethylammonium hydroxide < 15% aqu. solution
TETRAETHYLAMMONIUM HYDROXIDE Aqu. soln. > 15%
TETRAETHYLAMMONIUM IODIDE
TETRAETHYLAMMONIUM p-TOLUENESULFONATE
TETRAETHYLAMMONIUM PERCHLORATE
TETRAETHYLENE GLYCOL
TETRAETHYLENEPENTAMINE
TETRAETHYLMETHYLENEDIAMINE
TETRAETHYLSILANE
TETRAFLUOROBORIC ACID

Disposal Procedure in Chapter 7
Sanitary sewer 2, pg. 179
Organic solvent/square (yellow) carboy, pg. 172
Neutralize base 3, pg. 169
Normal trash 1, pg. 170
Neutralize base 3, pg. 169
Sanitary sewer 7, pg. 181
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Neutralize base 2, pg. 168
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer i, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Neutralize base 2, pg. 168
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Neutralize base 2, pg. 168
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Neutralize base 2, pg. 168
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 8, pg. 181
Neutralize base 3, pg. 169
Organic solvent/round (white) carboy, pg. 172
Neutralize acid 3, pg. 166

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
TETRAFLUOROBORIC ACID (lN ETHER)
TETRAHYDROFOLIC ACID AQU. SOLUTION
TETRAHYDROFURAN
TETRAHYDROFURFURYL ALCOHOL
TETRAHYDRONAPHTHALENE, 1,2,3,4TETRAHYDROPYRAN, l(H)TETRAHYDROTHIOPHENE
TETRALIN
TETRALONE, betaTetramethoxypropane, 1,1,3,3TETRAMETHOXYSILANE
TETRAMETHYL-3-PENTANONE 2,2,4,4Tetramethyl-p-phenylenediamine dihydrochloride, N,N,N',N'TETRAMETHYLAMMONIUM BROMIDE
TETRAMETHYLAMMONIUM CHLORIDE PENTAHYDRATE
TETRAMETHYLAMMONIUM HEXAFLUOROPHOSPHATE
TETRAMETHYLAMMONIUM HYDROXIDE PENTAHYDRATE 97%
Tetramethylammonium hydroxide solution, aqueous
Tetramethylammonium hydroxide solution, methanol
TETRAMETHYLAMMONIUM IODIDE
TETRAMETHYLAMMONIUM PERCHLORATE
TETRAMETHYLAMMONIUM TETRAFLUOROBORATE
Tetramethyldiaminomethane, N,N,N',N'Tetramethylene glycol
TETRAMETHYLENE SULFONE
TETRAMETHYLENE SULFOXIDE
TETRAMETHYLETHYLENEDIAM1NE Aqu.Solution
TETRAMETHYLETHYLENEDIAMINE, N,N,N',N'- (TEMED)
TETRAMETHYLGUANIDINE, 1,1,3,3TETRAMETHYLMETHANEDIAMINE, N,N,N',N'TETRAMETHYLPENTADECANE, 2,6,10,14TETRAMETHYLPIPERID1NE HYDROCHLORIDE, 2,2,6,6TETRAMETHYLPIPERIDINE, 2,2,6,6TETRAMETHYLSILANE
TETRAPHENYLBORON SODIUM
TETRAPOTASSIUM PYROPHOSPHATE
Tetrapropyl orthosilicate
TETRAPROPYLAMMONIUM HYDROXIDE Aqu. or Alcohol SoIn. > 20%
Tetrapropylammonium hydroxide, aqueous
TETRAPROPYLAMMONIUM IODIDE
TETRASODIUM PYROPHOSPHATE
TETRAZOLE, l(H)- small amount
TEXSOLVE (MINERAL SPIRITS)
THALLIUM STANDARD 1000ppm Aqu. soln
THAM (TRIS)
THEOBROMINE
THEOPHYLLINE
THEOPHYLLINE-7-ACETIC ACID
TI IF
THIAMINE CHLORIDE HYDROCHLORIDE
THIAMINE DICHLORIDE (VITAMIN BI)
THIAMINE MONON1TRATE
THIAMINE PYROPHOSPHATE
THIAZOLIDINE-4-CARBOXYLIC ACID, LTHINNER (MIBK based)
THIO-D-GLUCOSE, 5-

Neutralize acid 3, pg. 166
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, eg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Neutralize base 2, pg. 168
Neutralize base 2, pg. 168
Neutralize base 2, pg. 168
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. l79 (Oxidizer)
Sanitary sewer 1, pg. 179
Neutralize base 3, pg. 169
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 7, pg. 181
Neutralize base 3, pg. 169
Sanitary sewer 8, pg. 181
Neutralize base 3, pg. 169
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Neutralize base 2, pg. 168
Neutralize base 2, pg. 168
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
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THIOACETIC ACID
THIOACETIC ACID, SODIUM SALT
THIOBARBITURIC ACID, 2THIOCARBOHYDRAZIDE Aqu.Solution
THIODIETHANOL, 2,2'THIODIGLYCOL
THIODIGLYCOLIC ACID
THIOGEL
Thioglycerol, ITHIOGLYCOLIC ACID
THIOGLYCOLIC ACID, SODIUM SALT
THIOLACETIC ACID
Thiolactic acid
THIOMALIC ACID
THIOPHENE
THIOPROLINE
THIOXANE, 1,4THREITOL, DLTHREONINE METHYLESTER HYDROCHLORIDE, DLTHREONINE, DTHREONINE, LThreose, DThujone, (-)THYMIDINE
THYMIDINE 3'-MONOPHOSPHATE
THYMIDINE 5'-DIPHOSPHOGLUCOSE
THYMIDINE 5'-MONOPHOSPHATE
THYMIDYLATE DIAMMONIUM DIHYDRATE
THYMIDYLIC ACID
THYMINE
THYMOL BLUE Aqu.Solution
THYMOL PURPLE alcohol Solution
THYMOLPHTHALEIN (0.9% Alcohol Solution)
THYODENE (INDICATOR)
TIN (MOSSY, STICK, SHOT, FOIL or GRANULAR)
Tin(II) acetate
TIN(II) CHLORIDE
TIN(II) SULFATE
TINCTURE IODINE aqu.-ethanol solution
Tincture of benzoin
Tiron
TISSUE FIXATIVE (4% FORMALDEHYDE Solution)
TISSUE SOLUBILIZER, TOLUENE SOLUTION
TITANIUM DIOXIDE
TITANIUM POTASSIUM OXALATE
TITANIUM TRICHLORIDE Aqu.Solution
TITANIUM(III) SULFATE
Titanium(IV) t-butoxide
TITANOUS CHLORIDE Aqu.Solution, usu. 20%
TOCOPHERYL ACID SUCCINATE, ALPHA-DTOCOPHERYL HYDROQUINONE, alphaTOILET BOWL CLEANER (surfactants in 8M HCI Solution)
TOLUALDEHYDE, p-, m- or oTOLUENE
TOLUIDINE, mTOLUIDINE, o-

Disposal Procedure in Chapter 7
Sanitary sewer 5, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 7, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 8, pg. 181
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Neutralize acid 2, pg. 166
Or anic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
TOMATO JUICE AGAR
TOXACLEAN-E
TRAGACANTH GUM
Trehalose
Tri(ethylene glycol)
TRI(METHYLENE OXIDE)
TRI-n-BUTYL PHOSPHATE
TRI-n-BUTYRIN
TRI-o-CRESYL PHOSPHATE
TRI-o-TOLYL PHOSPHATE
TRIACETIN
Triazine, 1,3,5TRIAZINE, symTRIBROMOMETHANE
TRIBUTYL BORATE
TRIBUTYL CITRATE
TRIBUTYRIN
Tricaine methanesulfonate
TRICAPROIN
Tricaprylin
TRICARBALLYLIC ACID
TRICARBOXYPENTANE, 1,3,5Trichlor (trichloroethylene)
TRICHLORO-1,2,2-TRIFLUOROETHANE, 1,1,2- (FREON 113)
TRICHLOROACETALDEHYDE HYDRATE
TRICHLOROACETIC ACID (crystals and liquid)
Trichloroacetic acid < 16% aqu. solution
TRICHLOROACETIC ACID Solution
TRICHLOROBENZENE, 1,2,4TRICHLOROETHANE, 1,1,1TRICHLOROETHANE, 1,1,2TRICHLOROETHANOL, 2,2,2TRICHLOROETHENE
TRICHLOROETHYLENE
TRICHLOROMETHANE
TRICHLOROPROPANES
TRICHLOROTRIFLUOROETHANE, 1,1,1Trichlorotrifluoroethane, 1,1,2- (freon 113)
TRICINE, N-tris(hydroxymethyl)methylglycine
Tridecanoic acid
TRIDEUTERIOACETONITRILE
TRIETHANOLAMINE HYDROCHLORIDE
TRIETHYL CITRATE
Triethyl orthoacetate
TRIETHYL ORTHOFORMATE
TRIETHYL ORTHOPROPIONATE
TRIETHYL PHOSPHATE
TRIETHYLAMINE
Triethylamine Acetate 2M buffer sol'n
TRIETHYLAMINE HYDROCHLORIDE
TRIETHYLENE GLYCOL
TRIETHYLENEGLYCOL DIMETHYLETHER
Triethylenetetramine
TRIETHYLENETETRAMINE HYDROCHLORIDE
Triethylenetetramine tetrahydrochloride
TRIETHYLENETETRAMINEHEXAACETIC ACID

Normal trash I, pg. 170
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Sanitary sewer 1, pg. 179
Neutralize acid 2, pg. 166
Sanitary sewer 6, pg. 180
Neutralize acid 2, pg. 166
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Organic solvent/square (yellow) carboy, pg. 172
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Neutralize base 3, pg. 169
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 8, pg. 181
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
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Chemical Name

TRIFLUOR0-2,4-PENTANEDIONE, 1,1,1Trifluoroacetic acid
Trifluoroacetic acid < 11% aqu. solution
TRIFLUOROACETYLACETONE
Trifluoromethanesulfonic acid < 15% aqu. solution
TRIHEXANOIN
TRIHYDROXYBENZENE
Trihydroxybenzene, 1,2,4- (hydroxyhydroquinone)
TRIHYDROXYBENZOIC ACID, 3,4,5TRHODO-L-THYRONINE, 3,3,5- SODIUM SALT
TRIKETOHYDRINDENE (NINHYDRIN)
TRIKETOHYDRINDENE HYDRATE
TRILAURIN
TRIMAGNESIUM DICITRATE NONAHYDRATE
TRIMETHYL BORATE
Trimethyl orthoacetate
TRIMETHYL ORTHOFORMATE
TRIMETHYL(2-C1-ILOROETHYL)AMMONIUM CHLORIDE
TRIMETHYLACETONITRILE
Trimethylamine > 50% solution in water
TRIMETHYLAMINE HYDROCHLORIDE
TR1METHYLAMINE N-OXIDE, DIHYDRATE
Trimethylammonium iodide
TRIMETHYLAMMONIUM NITRATE
TRIMETHYLBENZENE, 1,2,3-; 1,2,4-; 1,3,5TRIMETHYLBENZYLAMMONIUM HYDROXIDE
TRIMETHYLENE GLYCOL
Trimethylethylenediamine
TRIMETHYLPENTANE, 2,2,4TRIMETHYLPYRIDINE, 2,4,6TRIMETHYLSILYLACETAMIDE, 0,N-bisTrimeth !sit !benzene
TR1METHYLSILYLIMIDAZOLE, NTRIMETHYLSILYLTRIFLOUROACETIMIDE, N,0-bisTRIOCTANOIN
TRIOLEIN
TR1OXANE Aqu.Solution
TRIOXANE, symTRIPALMITIN
TRIPHOSPHOPYRIDINE NUCLEOTIDE
TRIPHOSPHOPYRIDINE NUCLEOTIDE TETRASODIUM
TRIPROPIONIN
TRIS (TRIZMA)
TRIS HYDROCHLORIDE
Tris(2-aminoethyl)amine
TRIS(DIMETHYLAMINOMETHYL)PHENOL, 2,4,6TRIS(ETHYLENEDIAMINE)COBALT(III) CHLORIDE
TRIS(HYDROXYMETHYL)AMINOMETHANE
TRIS(HYDROXYMETHYL)AMINOMETHANE ACETATE
TRIS(HYDROXYMETHYL)ETHANE, 1,1,1TRIS(HYDROXYMETHYL)METHYLIGLYCINE, N-[
TRIS-BARBITURATE BUFFER
TRISODIUM HEXAKIS(NITRATO-N)COBALTATE
TRISODIUM PENTACYANOAM1NOFERRATE(II)
TRISTEARIN
Tritolyl phosphate

Disposal Procedure in Chapter 7
Organic solvent/round (white) carboy, pg. 172
Neutralize acid 2, pg. 166
Sanitary sewer 6, pg. 180
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 6, pg. 180
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Neutralize base 2, pg. 168
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Organic solvent/round (white) carboy, pg. 172
Neutralize base 2, pg. 168
Organic solvent/round (white) carboy, pg. 172
Neutralize base 3, pg. 169
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Neutralize base 3, pg. 169
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
TRITON X-100
Triton X-114
Trizma acetate
TRIZMA BASE (40% aqu)
TRIZMA BASE (powder)
TRIZMA HYDROCHLORIDE
TRIZMA MALEATE
Trizma phosphate monobasic
TRIZMA, tris(hydroxymethypaminomethane
TRizol reagent (phenol)
TROPIC ACID, DLTryptamine hydrochloride
Tryptic soy agar
TRYPTICASE (AGAR BASE)
Trypticase peptone
Tryptone
TRYPTOPHAN, D,LTRYPTOPHAN, LTRYPTOPHAN, L- HCI ETHYL ESTER
Tryptose
TUNGSTEN wire, ingot, foil, rod, grains
TURBIDITY STANDARD (aqueous)
TURK'S (DILUTING FLUID)
TURPENTINE
TWEEN 20 (POLYOXYETHYLENE SORBITAN MONOLAURATE)
TWEEN 40
TWEEN 60 (POLYOXYETHYLENE SORBTAN MONOSTEARATE)
TWEEN 80 (POLYOXYETHYLENE SORBITAN MONOOLEATE)
TYRAMINE HYDROCHLORIDE
Tyrosine, DLTYROSINE, LULTRACENTRIFUGE DRIVE OIL
Uncosanoic acid
UNDECANE, nUndecanedioic acid, 1,11UNDECANOL, 1UNIS1L (ACTIVATED SILICIC ACID)
UNIVERSAL INDICATOR SOLUTION (FISHER)
URACIL
URAMIL
UREA
UREA AGAR BASE
Urea hydrogen peroxide
UREA-FORMALDEHYDE RESIN
URETHANE
URETHANE POLYETHER RESIN
URIC ACID
URIDINE
Uridine 5'-diphosphate, Iris salt
URIDINE 5'-DIPHOSPHOGLUCONIC ACID, SODIUM SALT
URIDINE 5'-MONOPHOSPHATE
Uridine 5'-triphosphate, trisodium salt
URIDINE DIPHOSPHOGLUCOSE, SODIUM SALT
Vacuum Grease, Silicone
VACUUM PUMP OIL, can be SOLVENT CONTAMINATED
Vacuum Pump Oil, unused

Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
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VALERALDEHYDE, nVALERIC ACID, nValerolactone, gamma or deltaVALERONITRILE
VALINE, DLVALINE, LVanadium aqueous standard 1000ppm V (vanadium pentoxide)
Vanadium standard 100ppm for AA
VANADIUM SULFATE
VANADYL SULFATE
VARSOL (PETROLEUM DISTILLATE)
VASPAR
Vegetable oil
VEHICLE N (NEUTROGENA)
Venecian Turpentine
VERATROLE
VERSEN-OL
VERSENATE, DISODIUM SALT
VERSENE
VERSENE (SODIUM EDTA)
VERSENE Calcium salt
VICTAMIDE
VIGOR
Vinyl-l-cyclohexene, 4VINYLCYCLOHEXENE
Vinyltrimethylsilane
Vitamin assay, casamino acids
Vitamin B1 thiamine
VITAMIN B12
Vitamin B13 orotic acid
Vitamin B3 nicotinamide, niacinamide
Vitamin B5 pantothenic acid
Vitamin B6 pyridoxal 5-phosphate
Vitamin Bt carnitine
Vitamin C ascorbic acid
VITAMIN DIET FORTIFICATION MIXTURE
Vitamin K polyisoprenyl menadione
Vitamin L2 5'-methylthio-5'-deoxy adenosone
Vitamin P bioflavinoids, citrus flavinoids
Vitamin U S-methyl methionine chloride
WARFARIN Sod. Salt, Aqu.Solution <3%
WATCH CLEANING SOLUTION (PET. DIST.)
Water
WHEAT GERM OIL
WHITE OIL (NO. 3)
WHITE PETROLATUM
WOOD FINISH (ALIPHATIC HydroCarbons solvent)
WRIGHTS STAIN (IN METHANOL Solution)
WYAMINE SULFATE Aqu.Solution
X-RAY DEVELOPER SOLUTION
XAD-2 RESIN BEADS
Xanthan Gum
XANTHINE
XANTHIOL NIACINATE
XANTHOSINE
XEROX FUSER OIL (a SILOXANE oil)

Disposal Procedure in Chapter 7
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 2, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 2, pg. 179
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 7, pg. 181
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Normal trash 1, pg. 170
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash I, pg. 170
Normal trash I, pg. 170
Sanitary sewer 2, pg. 179
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172

For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769
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Chemical Name
Disposal Procedure in Chapter 7
XYLAN
Xylene & paraffin (liquid)
Xylene, mXYLENE, oXylene, pXYLENES
XYLIDINE, 2,5Xylitol
XYLOL (XYLENE)
XYLOSE, DXylulose, DYellow dock rumrex root)
Yellow dock seed
Ytterbium(III) chloride, anhydrous
Yttrium aqueous standard 1000ppm Y (yttrium nitrate)
YTTRIUM NITRATE
ZAMBONI'S FIXATIVE Solution
ZEIN
ZEINE (ZEIN FROM CORN)
ZEOLITE
ZEPHIRAN CHLORIDE (SURFACTANT Solution)
ZINC (MOSSY)
ZINC (RODS, INGOT)
ZINC ACETATE
Zinc ammonium lactate
Zinc ammonium nitrate
ZINC BROMIDE
ZINC CHLORIDE
Zinc chloride I M in diethyl ether
ZINC CHLORIDE-TMEDA complex
ZINC DISODIUM VERSENATE
ZINC FORMATE
ZINC LACTATE
Zinc nitrate
Zinc salts in aqu. solution, Conc. x Vol. <0.8 Kg Zn
ZINC STANDARD 1000ppm Aqu.Solution
ZINC SULFATE, HEPTAHYDRATE
Zinc triflate
Zirconium aqueous standard 1000ppm Zr (zirconium tetrachloride)
ZIRCONIUM OXIDE
ZIRCONIUM SILICIDE
ZIRCONYL CHLORIDE OCTAHYDRATE
ZIRCONYL NITRATE
ZONYL (FLUOROSURFACTANT)

Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 3, pg. 180
Sanitary sewer I, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Normal trash I, pg. 170
Normal trash I, pg. 170
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Sanitary sewer 6, pg. 180 (Oxidizer)
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Organic solvent/round (white) carboy, pg. 172
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180 (Oxidizer)
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 6, pg. 180
Sanitary sewer 1, pg. 179
Normal trash 1, pg. 170
Normal trash 1, pg. 170
Sanitary sewer 1, pg. 179
Sanitary sewer 1, pg. 179 (Oxidizer)
Sanitary sewer 1, pg. 179
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Chemical Name

Disposal Procedure in Chapter 7

Appendix C is a
template for a
Chemical Hygiene
Plan.

Appendix B
OSHA Laboratory Standard
The U.S. Occupational Safety and Health Administration (OSHA) regulates the
exposure of laboratory personnel to hazardous chemicals. The law, "Occupational
Exposures to Hazardous Chemicals in Laboratories," is often referred to as the OSHA
Laboratory Standard. This rule has been adopted by Wisconsin's Department of
Commerce (DComm) and covers University laboratories.
This standard only applies to laboratory chemical hazards. Other, non-laboratory
chemical exposures are covered by other OSHA standards which address the
environmental hazards of chemicals and the hazards of biological and radioactive
materials. As explained in Chapter 4 of this Guide, if laboratory exposures exceed
certain OSHA limits, other substance-specific OSHA health standards apply.
The standard requires laboratories using hazardous chemicals to take certain
safety measures. In brief, it requires you to:
 Keep laboratory personnel's exposures to chemicals below OSHA's permissible
exposure limits (PELs).
 Write a Chemical Hygiene Plan.
 Designate a Chemical Hygiene Officer to implement the plan.
 Train and inform new laboratory personnel of:

The OSHA laboratory standard.

The Chemical Hygiene Plan and its details.
For a detailed description of each method, read the procedure at the indicated page in Chapter 7. For chemical
waste not on this list, use procedure On-Site Service 1 in Chapter 7 or call the University of WisconsinMadison Safety Department (608) 262-8769

Permissible
Exposure Limits
(PEL), OSHA's legal
limits for certain
regulated
substances,
Keep a file ofare
all
based
on airborne
your MSDSs.
concentrations
of
Compliance with
those
substances
in
the Standard
the
workplace.
A
requires
that you
worker's
exposure to
review them.
such substances
may not exceed the
PEL.
Action levels are
established for
many OSHA
regulated
substances. For
such substances
that require
monitoring, an
exposure measurement is required if
there is a reason to
believe that the
exposure level for
that substance
routinely exceeds
the action level (or,
in the absence of an
action level, the
PEL).

Exposure monitoring is the method of
measuring worker
exposure to an
airborne substance.
Safety Department
has the capabilities
and expertise to
conduct any needed
monitoring.

Each Principal
Investigator,
Laboratory Director
or Laboratory
Supervisor is
responsible for
insuring there is a
chemical hygiene
plan for the laboratories under their
direction.


OSHA's permissible exposure limits.

The signs and symptoms of exposure to hazardous chemicals.

Material Safety Data Sheets (MSDSs).

This Chemical Safety and Disposal Guide.
 Methods to detect the presence of hazardous chemicals.

The physical and health hazards of the chemicals.

Measures to protect laboratory personnel from chemical hazards.

In certain circumstances, provide laboratory personnel
access to medical consultations and examinations.
 Keep labels of supplied chemicals intact.
 Maintain the Material Safety Data Sheets for all your supplied chemicals.

For chemical substances developed in your laboratory, train laboratory
personnel
as described above.
 Use respirators properly.
The Safety Department will work with you to help your lab comply with the law and
promote laboratory safety. The text of the OSHA standard for Occupational
Exposures to Hazardous Chemicals in Laboratories, including Appendix A to the
Standard which relates to good laboratory practices, is reprinted in this appendix.

B.1 Keep Exposures Below Permissible Limits
OSHA requires (see Part 1910.1450(c) & (d) of the Standard.) that no laboratory
personnel be exposed to a chemical above established PELs (see Section 2.6 for a
discussion of PEL and other toxic chemical exposure guidelines). How can you
be sure individual exposures are below the limit?

The Problem. PELs are set as air concentrations of toxic chemicals that are
volatile or airborne. To measure air concentrations, it is necessary to take an air
sample and analyze it for chemical compounds. Because laboratory operations are
varied and usually not routine, it is very difficult to obtain a reliable and representative measurement to compare it to the PEL.
Solutions. If you work with a toxic chemical that is volatile or airborne you can
help insure that your chemical exposure is below the PEL by:
 Using the chemical in a fume hood, glove box or other very well ventilated area.
In some cases, the Safety Department can help you redesign work areas to add
local ventilation to minimize the risk of a chemical exposure.
 Asking a Safety Department safety specialist to review your chemical work
procedures. They will determine if sampling is necessary or if work practices can
be used to meet the exposure standard.
 Using our expertise. The Safety Department has knowledge of the exposure risks
of certain laboratory procedures. Our experience in chemical exposures, laboratory practices, the PELs and previous studies will often suggest protective
measures to comply with the law.
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A Principal Investigator, Laboratory
Director or Laboratory Supervisor may
assume the
responsibilities of
Chemical Hygiene
Officer for their
laboratory or may
designate
someone else to
be the Chemical
Hygiene Officer.

If monitoring is required, the Safety Department will perform periodic monitoring
and notify laboratory personnel as required. Regardless of the actual hazard, there
are basic steps to take to assure exposures will be low.
 Review the Material Safety Data Sheets (MSDSs) of all laboratory chemicals to
identify those that are OSHA regulated substances. A current list of OSHA
regulated chemicals is available from the Safety Department.
 Prevent exposures to hazardous chemicals by using fume hoods, glove boxes or
other containment devices for all procedures that could cause exposures to
volatile or airborne hazardous chemicals.
 If you have reason to believe that exposure levels for an OSHA regulated
substance are routinely approached or exceeded or if protective equipment is not
working properly call the Safety Department for an evaluation. We will determine if protective measures or air monitoring is needed, and help you meet this
requirement.

B.2 Write A Chemical Hygiene Plan
Develop and carry out the provisions of a written Chemical Hygiene Plan that is
capable of protecting your employees from the hazards of chemical exposure in your
laboratory (Part 1910.1450(e)). Because each laboratory's operation is unique, each
department, principal investigator (PI), laboratory director / supervisor is responsible
for the preparation of a chemical hygiene plan for the laboratories under their direction. They are also responsible for designating a Chemical Hygiene Officer or for
assuming those responsibilities themselves. The plan may be for one or several
laboratories so long as it covers the chemical use activities of that unit and meets the
OSHA requirements.
Appendix C is a template for a Chemical Hygiene Plan that you may use for your
laboratory. Your Chemical Hygiene Plan must describe, in writing, what you do to
protect people from the chemical health hazards in your laboratory, including:
 Standard operating procedures for chemical safety.

 The criteria you use to implement exposure control measures.
 Measures to ensure proper performance of fume hoods and other protective
equipment.
 Provision of chemical safety information and training to laboratory personnel.
 Circumstances that require prior approval.
 Provision for medical consultation and examination.
 Designation of a Chemical Hygiene Officer.
 Additional protection for work with particularly hazardous substances (see
Appendix D for a list of compounds and the approval process).
Appendix C provides a template to aid in writing a Chemical Hygiene Plan.
Once written, the contents of your Chemical Hygiene Plan are enforceable by the
State Department of Commerce (see Chapter 3). Insure that you carry out all of the
provisions of your written plan. Depending upon the level of implementation, the
plan need only address chemical hazards in your laboratory. Safety procedures for
other laboratory hazards should be referred to as supplemental materials.
You must also designate a Chemical Hygiene Officer who is responsible for
implementation of the Chemical Hygiene Plan.
University of Wisconsin-Madison Safety Department (608) 262-8769
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Appendix G
contains an outline
for training new
laboratory
personnel.

B.3 Inform and Train Laboratory Personnel
All laboratory personnel must be apprised of the hazards of chemicals present in
their workplace, including specified information and training. Laboratory personnel
should receive this information and training at the time of their initial assignment to
a work area where these chemical hazards are present, and prior to assignments
involving new exposure situations. The frequency of refresher training is left to your
discretion. Safety recommends annual refresher training for most laboratory personnel (Part 1910.1450(f)).

Information and Training Required for
Laboratory Personnel
The OSHA Laboratory Standard.
Your laboratory's Chemical Hygiene Plan and its
details.
Permissible exposure limits (PELs) for OSHA
regulated substances or recommended exposure limits
for other hazardous substances.
Signs and symptoms associated with exposure to
hazardous chemicals.
The location and availability of reference material on
the hazards, safe handling, storage and disposal of
hazardous chemicals.
Methods and observations used to detect the presence
or release of a hazardous chemical.
Physical and health hazards of chemicals.
Steps laboratory personnel can take to protect
themselves from chemical hazards, including work
practices, emergency procedures and personal protective equipment.

Keep written
records of training
your employees
receive.
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Source of Information
This Appendix of the Laboratory Safety Guide.
Your completed Chemical Hygiene Plan (See Appendix C for a template.)
The Material Safety Data Sheet for each chemical
used. The Safety Department can also supply this
information.
The Material Safety Data Sheet for each chemical
used. UW Hospital Poison Control Center also has
this information (262-3702).
Chapter 2 of this Guide describes the hazards of
laboratory chemicals. Handling and storage information is in Chapter 4. Chapter 7 describes chemical
disposal procedures.
The Material Safety Data Sheet for each chemical
used.
Chapter 2 describes chemical hazards. This information is also included on Material Safety Data Sheets.
Chapter 4 discusses chemical safety procedures.
Material Safety Data Sheets also contain this information. Chapter 5 discusses emergency procedures.

Appendix G includes a training outline for laboratory personnel. Other resources for
safety training are listed there and in Appendix C. The Safety Department conducts a
weekly Working Safely with Chemicals training class. Other sources of chemical
safety information and training are listed below.

B.4 Provide for Medical Consultation and Examinations
The Chemical Hygiene Plan must describe provisions for medical consultation and
examination for laboratory personnel who work with hazardous chemicals. According to the Standard, laboratory personnel should be given an opportunity to receive
medical attention when:
 Laboratory personnel develop signs or symptoms associated with a hazardous
chemical to which they may have been exposed in the laboratory.
 Exposure monitoring reveals an action level (or Permissible Exposure Limit
(PEL) if there is no action level) is routinely exceeded for any OSHA regulated
substance for which there are exposure monitoring and medical surveillance
requirements.
 There has been a spill, leak, explosion or other occurrence in the work area result-
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ing in the likelihood of a hazardous exposure.
If a possible exposure to hazardous chemicals occurs, labs must provide laboratory
personnel working with those chemicals an opportunity to receive medical attention.
University laboratory personnel may receive medical care through their chosen
health care plan under the State Group Health Insurance Program. Students may
receive medical care from the University Health Service. For more information or
guidance, contact the Safety Department's Occupational Health Manager.

B.5 Keep Chemical Labels Intact
Do not remove or deface the labels on incoming chemical containers
(Part 1910.1450(h)(I)(i)). The Chemical Storage and Management section
in Chapter 4 of this Guide gives additional guidelines for labeling your
chemicals.
Note also that, if your laboratory develops or synthesizes a chemical and supplies
it to a user outside of the laboratory, you must properly label it and prepare a
Material Safety Data Sheet (Part 1910.1450(h)(2)(iii)).

B.6 Maintain Material Safety Data Sheets
Retain all Material Safety Data Sheets (MSDSs) that you receive with incoming
shipments of chemicals. All laboratory personnel must have ready access to them.
There are many ways to comply with this requirement. The objective is to make
MSDSs available to your laboratory personnel for all the supplied chemicals they
use. To comply with this law and to ensure a safe laboratory, laboratory personnel
need to regularly consult MSDSs or equivalent information on hazardous substances.
Some campus laboratories have developed systems for distributing MSDSs
electronically.
Paper MSDSs. Suppliers are required by law to supply you with an MSDS for
any chemical that you obtain from them. Further, Wisconsin State Purchasing Rules
require all vendors to supply a MSDS inside the package of all incoming chemicals;
a second copy must be sent to UW Accounts Receivable. This second copy is then
forwarded to the Safety Department.
Make sure that all packages of incoming chemicals are accompanied by a MSDS.
If you have not received a MSDS with your chemical, contact the supplier and
remind them of the State Purchasing Rule. Contact the Safety Department if you
have repeated problems or if the supplier is uncooperative; we will work with UW
Purchasing to enforce the rule.
Stockrooms that receive multiple containers for several users should make copies
of the MSDS and distribute them with each container. The Safety Department will
supply you, upon request, with MSDSs for all chemicals purchased from UW Stores.
The Safety Department is the campus repository for MSDSs. If you need an
MSDS for an existing chemical, contact us and we will supply a copy from our files.
In some cases, we can supply you with an MSDS by FAX or by through the campus
computer network. In addition, the Safety Department has access to many other
sources of chemical and environmental safety information, call us.
Paper copies of MSDSs can be kept in a file cabinet or a binder. Keep them in a
place where laboratory personnel can easily access them during the times they work
in the laboratory. It is best to assign a person to the task of filing and maintaining
your MSDS file.
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Electronic MSDSs. Material Safety Data Sheets are available on disk and on CD
ROM. Some campus laboratories have made MSDSs accessible to laboratory
personnel by including these files on a laboratory computer or on a computer
network. Call the Safety Department for information on electronic MSDS distribution options. The Safety Department's web site has pointers to other MSDS sites
(http://www.fpm.wisc.eduichemsafety/msds.htm).

B.7 Take Precautions with Respirators
If laboratory personnel must use a respirator, it must be used in accordance with
OSHA requirements (Part 1910.1450(i)).
The Safety Department does not recommend the use of respirators in labs. It is
easy to misuse a respirator and risk your health. Impaired lung function is not
obvious in some people, but it contraindicates respirator use. Each user must be
tested to ensure a proper fit and it may require expert consultation to select the
proper filter for a respirator. Filter failure and breakthrough, common problems for
untrained users, renders the respirator useless.
Instead of using a respirator, use engineering controls (e.g., fume hood and glove
boxes) whenever possible. See the section on Engineering Controls in Chapter 4 of
this Guide for more information. If you still feel that respirators are needed in your
laboratory, call the Safety Department to get information about the required respiratory physical and respirator fit test.

B.8 Keep Safety Records
The law requires that records be retained of any medical consultations or examinations that were initiated as a result of this standard. These medical records should be
retained by the health care institution and medical professional who conducted the
consultation or examination.
The law also requires keeping records of any exposure monitoring done as a
result of this standard. The Safety Department will retain records of all exposure
monitoring that they perform in your laboratory (Part 1910.1450(i)).

As explained above, each laboratory must maintain the MSDS of supplied chemicals. Also, to show compliance with the OSHA Laboratory Standard, each laboratory
should document the training that personnel receive. Appendix C contains a template
for training documentation.

B.9 Review Questions
1. The OSHA Laboratory Standard applies:
a. Only to industrial laboratories.
b. Only to laboratories that use 1000 kg or more of OSHA regulated chemicals in a calendar year.
c. To all UW laboratories that use hazardous chemicals.
d. Only to laboratories where more that 3 people are employed.
2. Safety should be contacted for environmental monitoring:
a. Whenever somebody gets a brief smell of a chemical released in the laboratory.
b. If there is reason to believe that someone is routinely exposed to a hazardous chemical.
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c. Whenever you plan to use a hazardous chemical in your laboratory.
d. Before you decide to use a fume hood.
3.
a.
b.
c.
d.

All laboratories that use hazardous chemicals:
Can use the same Chemical Hygiene Plan.
Should have the Fire Department write a Chemical Hygiene Plan for them.
Should have a Chemical Hygiene Plan that covers the chemical hazards that they work with.
Should have a copy of their Chemical Hygiene Plan posted at every entrance.

4. Laboratories that use hazardous chemicals should:
a. Have a copy of the Chemical Safety and Disposal Guide.
b. Have a complete copy of the OSHA Laboratory Standard.
c. Have a written Chemical Hygiene Plan.
d. All of the above.
5. Employees working with hazardous chemicals in a laboratory should have medical attention:
a. When they feel sick.
b. Before they work with any OSHA regulated chemical.
c. If they exhibit signs or symptoms associated with a hazardous chemical they may have been
exposed to.
d. All of the above.
6. Material Safety Data Sheets (MSDSs):
a. Are not necessary if the chemical vendor does not supply them.
b. Should be readily accessible to everyone who works in the laboratory.
c. Are not necessary for chemicals that have no hazard.
d. Are kept by the Safety Department so there is no need to have them in your laboratory.
7.

Respirators:
a. Should be available for everyone in the laboratory.
b. Are the best way to ensure you are safe from exposure to hazardous powders.
c. Should be worn whenever you are unsure of respiratory hazards.
d. Require an appropriate physical and fit test before they can be used safely.

Annex B-1. OSHA Standard on Occupational Exposures to Hazardous Chemicals in Laboratories
(a) Scope and application. (1) This section shall apply
to all employers engaged in the laboratory use of hazardous chemicals as defined below.
(2) Where this section applies, it shall supersede, for
laboratories, the requirements of all other OSHA health
standards in 29 CFR part 1910, subpart Z, except as
follows;
(i) For any OSHA health standard, only the requirement to limit employee exposure to the specific permissible exposure limit shall apply for laboratories, unless that
particular standard states otherwise or unless the conditions of paragraph (a)(2)(iii) of this section apply.
(ii) Prohibition of eye and skin contact where specified
by any OSHA health standard shall be observed.

(iii) Where the action level (or in the absence of an
action level, the permissible exposure limit) is routinely
exceeded for an OSHA regulated substance with exposure
monitoring and medical surveillance requirements,
paragraphs (d) and (g)(1)(ii) of this action shall apply.
(3) This section shall not apply to:
(i) Uses of hazardous chemicals which do not meet the
definition of laboratory use, and in such cases, the
employer shall comply with the relevant standard in 29
CFR part 1910, subpart 2, even if such use occurs in a
laboratory.
(ii) Laboratory uses of hazardous chemicals which
provide no potential for employee exposure. Examples of
such conditions might include:
(A) Procedures using chemically- impregnated test
media such as Dip-and-Read tests where a reagent strip
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is dipped into the specimen to be tested and the results
are interpreted by comparing the color reaction to a color
chart supplied by the manufacturer of the test strip; and
(B) Commercially prepared kits such as those used
in performing pregnancy tests in which all of the
reagents needed to conduct the test are contained in the
kit.
(b) Definitions —
''Action level" means a concentration designated in
29 CFR part 1910 for a specific substance, calculated
as an eight (8)-hour time-weighted average, which
initiates certain required activities such as exposure
monitoring and medical surveillance.
"Assistant Secretary" means the Assistant Secretary of
Labor for Occupational Safety and Health, U.S. Department of Labor, or designee.
"Carcinogen" (See "select carcinogen").
"Chemical Hygiene Officer" means an employee who
is designated by the employer, and who is qualified by
training or experience, to provide technical guidance in
the development and implementation of the provisions of
the Chemical Hygiene Plan. This definition is not
intended to place limitations on the position description
or job classification that the designated individual
shall hold within the employer's organizational
structure.
"Chemical Hygiene Plan" means a written program
developed and implemented by the employer which sets
forth procedures equipment, personal protective equipment and work practices that (i) are capable of protecting
employees from the health hazards presented by hazardous chemicals used in that particular workplace and (ii)
meets the requirements of paragraph (e) of this section.
"Combustible liquid" means any liquid having a flashpoint at or above 100 °F (37.8°C), but below 200°F
(93.3°C), except any mixture having components with
flashpoints of 200°F (93.3°C), or higher, the total

(B) A gas that, at ambient temperature and pressure,
forms a range of flammable mixtures with air wider than
12 percent by volume, regardless of the lower limit.
(iii) "Liquid flammable" means any liquid having a
flashpoint below 100°F (37.8°C), except any mixture
having components with flashpoints of 100°F (37.8°C)
or higher, the total of which make up 99 percent or
more of the total volume of the mixture.
(iv) "Solid, flammable" means a solid, other than a
blasting agent or explosive as defined in §
1910.109(a), that is liable to cause fire through
friction, absorption of moisture, spontaneous chemical
change, or retained heat from manufacturing or
processing, or which can be ignited readily and when
ignited burns so vigorously and persistently as to
create a serious hazard. A chemical shall be considered
to be a flammable solid if, when tested by the method
described in 16 CFR 1500.44 it ignites and burns with
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volume of which make up 99 percent or more of the total
volume of the mixture.
"Compressed gas" means:
(i) A gas or mixture of gases having, in a container an
absolute pressure exceeding 40 psi at 70°F (21.1°C); or
(ii) A gas or mixture of gasses having, in a container,
an absolute pressure exceeding 104 psi at 130°F (54.4°C)
regardless of the pressure at 70"F (21.1"C); or
(iii) A liquid having a vapor pressure exceeding 40 psi
at 100°F (37.8°C) as determined by ASTM D-323-72.
"Designated area" means an area which may be used
for work with "selected carcinogens," reproductive
toxins or substances which have a high degree of acute
toxicity. A designated area may be the entire laboratory,
an area of a laboratory or a device such as a laboratory
hood.
"Employee" means an individual employed in a
laboratory workplace who may be exposed to hazardous
chemicals in the course of his or her assignments.
"Emergency" means any occurrence such as, but not
limited to, equipment failure, rupture of containers or
failure of control equipment which results in an uncontrolled release of a hazardous chemical into the
workplace.
"Explosive" means a chemical that causes a sudden,
almost instantaneous release of pressure, gas, and heat
when subjected to sudden shock, pressure, or high
temperature.
"Flammable" means a chemical that falls into one of
the following categories:
(i) "Aerosol, flammable" means an aerosol that, when
tested by the method described in 16 CFR 1500.45,
yields a flame protection exceeding 18 inches at full
valve opening, or a flashback (a flame extending back to
the valve) at any degree of valve opening;
(ii) "Gas flammable" means:
(A) A gas that, at ambient temperature and pressure,
forms a flammable mixture with air at a concentration
of 13 percent by volume or less; or
a self-sustained flame at a rate greater than one-tenth
of an inch per second along its major axis.
"Flashpoint" means the minimum temperature at
which a liquid gives off a vapor in sufficient
concentration to ignite when tested as follows:
(i) Tagliabue Closed Tester (See American National
Standard Method of Test for Flash Point by Tag Closed
Tester, Z11.24-1979 (ASTM D 56-79))-for liquids
with a viscosity of less than 45 Saybolt Universal
Seconds (SUS) at 100°F (37.8°C), that do not contain
suspended solids and do not have a tendency to form a
surface film under test; or
(ii) Pensky-Martens Closed Tester (see American
National Standard Method of Test for Flash Point by
Pensky-Martens Closed Tester, Z11.7-1979 (ASTM D
93-79))-for liquids with a viscosity equal to or greater
than 45 SUS at 100°F (37.8°C), or that contain
suspended solids, or that have a tendency to form a
surface film under test; or
(iii) Setaflash Closed Tester (see American
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National Standard Method of Test for Flash Point
by Setaflash Closed Tester (ASTM D 3278-78)).
Organic peroxides, which undergo
autoaccelerating thermal decomposition, are
excluded from any of the flashpoint determination
methods specified above.
"Hazardous chemical" means a chemical for which
there is statistically significant evidence based on at
least one study conducted in accordance with
established scientific principles that acute or chronic
health effects may occur in exposed employees. The
term "health hazard" includes chemicals which are
carcinogens, toxic or highly toxic agents, reproductive
toxins, irritants, corrosives, sensitizers, hepatotoxins,
nephrotoxins, neurotoxins, agents which act on the
hematopoietic systems, and
agents which damage the lungs, skin, eyes, or
mucous membranes.
Appendices A and B of the Hazard Communication

Standard (29 CFR 1910.1200) provide further
guidance in defining the scope of health hazards and
determining whether or not a chemical is to be considered
hazardous for purposes of this standard.
"Laboratory" means a facility where the "laboratory
use of hazardous chemicals" occurs. It is a workplace
where relatively small quantities of hazardous chemicals
are used on a nonproduction basis.
"Laboratory scale" means work with substances in
which the containers used for reactions, transfers, and
other handling of substances are designed to be easily
and safely manipulated by one person. "Laboratory
scale" excludes those workplaces whose function is to
produce commercial quantities of materials.
"Laboratory-type hood" means a device located in a
laboratory, enclosure on five sides with moveable sash
or fixed partial enclosed on the remaining side;
constructed and maintained to draw air from the
laboratory and to prevent or minimize the escape of air
"Physical hazard" means a chemical for which their is
scientifically valid evidence that it is a combustible
liquid, a compressed gas, explosive, flammable, an
organic peroxide, an oxidizer, pyrophoric, unstable
(reactive) or water-reactive.
"Protective laboratory practices and equipment"
means those laboratory procedures, practices and
equipment accepted by laboratory health and safety
experts as effective, or that the employer can show to
be effective, in minimizing the potential for employee
exposure to hazardous chemicals.
"Reproductive toxins" means chemicals which affect
the reproductive capabilities including chromosomal
damage (mutations) and effects on fetuses
(teratogenesis)
"Select carcinogen" means any substance which
meets one of the following criteria:
(i) It is regulated by OSHA as a carcinogen; or
(ii) It is listed under the category, "known to be

contaminants into the laboratory; and allows chemical
manipulations to be conducted in the enclosure without
insertion of any portion of the employee's body other
than hands and arms.
Walk-in hoods with adjustable sashes meet the above
definition provided that the sashes are adjusted during
use so that the airflow and the exhaust of air
contaminants are not compromised and employees do
not work inside the enclosure during the release of
airborne hazardous chemicals.
"Laboratory use of hazardous chemicals"
means handling or use of such chemicals in which
all of the following conditions are met:
(i) Chemical manipulations are carried out
on a "laboratory scale;"
(ii) Multiple chemical procedures or chemicals are used;
(iii) The procedures involved are not part of a production process, nor in any way simulate a production
process; and
(iv) "Protective laboratory practices and
equipment" are available and in common use to
minimize the potential for employee exposure to
hazardous chemicals.
"Medical consultation" means a consultation which
takes place between an employee and a licensed
physician for the purpose of determining what medical
examinations or procedures, if any, are appropriate in
cases where a significant exposure to a hazardous
chemical may have taken place.
"Organic peroxide" means an organic compound that
contains the bivalent -0-0- structure and which may be
considered to be a structural derivative of hydrogen
atoms has been replaced by an organic radical.
"Oxidizer" means a chemical other than a blasting
agent or explosive as defined in § 1910.109(a), that
initiates or promotes combustion in other materials,
thereby causing fire either of itself or through the
release of oxygen or other gases.

carcinogens," in the Annual Report on Carcinogens
published by the National Toxicology Program
(NTP) (latest edition); or
(iii) It is listed in either Group 1 ("carcinogenic to
humans") by the International Agency for Research
on Cancer Monographs (IARC) (latest editions); or
(iv) It is listed in either Group 2A or 2B by IARC or
under the category, "reasonably anticipated to be
carcinogens" by NTP, and causes statistically
significant tumor incidence in experimental animals in
accordance with any of the following criteria:
(A) After inhalation exposure of 6-7 hours per
day, 5 days per week, for a significant portion of a
lifetime to dosages of less than 10 mg/m3;
(B) After repeated skin application of less than
300 (mg/kg of body weight) per week; or
(C) After oral dosages of less than 50 mg/kg of
body weight per day.
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"Unstable (reactive)" means a chemical which is
the pure state, or as produced or transported, will
vigorously polymerize, decompose, condense, or will
become self-reactive under conditions of shocks,
pressure or temperature.
"Water-reactive" means a chemical that reacts with
water to release a gas that is either flammable or
presents a health hazard.
(c) Permissible exposure limits. For laboratory uses
of OSHA regulated substances, the employer shall
assure that laboratory employees' exposures to such
substances do not exceed the permissible exposure
limits specified in 29 CFR part 1910, subpart Z.
(d) Employee exposure determination - (1) Initial
monitoring. The employer shall measure the
employee's exposure to any substance regulated by a
standard which requires monitoring if there is reason
to believe that exposure levels for that substance
routinely exceed the action level (or in the absence of
an action level, the PEL).
(2)
Periodic monitoring. If the initial
monitoring prescribed by paragraph (d) (1) of this
section discloses employee exposure over the action
level (or in the absence of an action level, the PEL), the
employer shall immediately comply with the exposure
monitoring provisions of the relevant standard.
(3)
Termination of monitoring. Monitoring
may be terminated in accordance with the relevant
standard.
(4)
Employee notification of monitoring
results. The
employer shall, within 15 working days after the receipt
of any monitoring results, notify the employee of these
results in writing either individually or by posting results
in an appropriate location that is accessible to employees.
(e) Chemical hygiene plan -General. (Appendix A
of this section is non-mandatory but provides guidance
to assist employers in the development of the Chemical
Hygiene Plan.) (1) Where hazardous chemicals as

(vii) Designation of personnel responsible for implementation of the Chemical Hygiene Plan including the
assignment of a Chemical Hygiene Officer and, if appropriate, establishment of a Chemical Hygiene Committee;
and
(viii) Provisions for additional employee protection for
work with particularly hazardous substances. These
include "select carcinogens,' reproductive toxins and
substances which have a high degree of acute toxicity.
Specific consideration shall be given to the following
provisions which shall be included where appropriate:
(A) Establishment of a designated area;
(B) Use of containment devices such as fume hoods
or glove boxes;
(C) Procedures for safe removal of
contaminated waste; and
(D) Decontamination procedures.
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defined by this standard are used in the workplace, the
employer shall develop and carry out the provisions of
a written Chemical Hygiene Plan which is:
(i) Capable of protecting employees from
health hazards associated with hazardous
chemicals in that laboratory and
(ii) Capable of keeping exposures below the
limits specified in paragraph (c) of this section.
(2) The Chemical Hygiene Plan shall be readily
available to employees, employee representatives and,
upon request, to the Assistant Secretary.
(3) The Chemical Hygiene Plan shall include each
of the following elements and shall indicate specific
measures that the employer will take to ensure
laboratory employee protection:
(i) Standard operating procedures relevant to safety
and health considerations to be followed when
laboratory work involves the use of hazardous
chemicals;
(ii) Criteria that the employer will use to determine
and implement control measures to reduce employee
exposure to hazardous chemicals including engineering
controls, the use of personal protective equipment and
hygiene practices; particular attention shall be given to
the selection of control measures for chemicals that are
known to be extremely hazardous;
(iii) A requirement that fume hoods and other
protective equipment are functioning properly and
specific measures that shall be taken to ensure proper
and adequate performance of such equipment;
(iv) Provisions for employee information and
training as prescribed in paragraph (f) of this section;
(v) The circumstances under which a particular
laboratory operation, procedure or activity shall
require prior approval from the employer or the
employer's designee before implementation;
(vi) Provisions for medical consultation and
medical examinations in accordance with paragraph
(g) of this section;

(4) The employer shall review and evaluate the effectiveness of the Chemical Hygiene Plan at least annually
and update it as necessary.
(f) Employee information and training.
(1) The employer shall provide employees with information and training to ensure that they are apprised of
the hazards of chemicals present in their work area.
(2) Such information shall be provided at the time of
an employee's initial assignment to a work area where
hazardous chemicals are present and prior to assignments
involving new exposure situations. The frequency of
refresher information and training shall be determined by
the employer.
(3) Information. Employees shall be informed of;
(i) The contents of this standard and its
appendices which shall be made available to
employees;
(ii) The location and availability of the
employer's Chemical Hygiene Plan;

Laboratory Safety Guide

298

OSHA Laboratory Standard

(iii) The permissible exposure limits for OSHA
regulated substances or recommended exposure limits for
other hazardous chemicals where there is no applicable
OSHA standard;
(iv) Signs and symptoms associated with exposures
to hazardous chemicals used in the laboratory; and
(v) The location and availability of known reference
material on the hazards, safe handling, storage and
disposal of hazardous chemicals found in the laboratory
including, but not limited to, Material Safety Data
Sheets received from the chemical supplier.
(4) Training.
(i) Employee training shall include;
(A) Methods and observations that may be used to
detect the presence or release of a hazardous chemical
(such as monitoring conducted by the employer,
continuous monitoring devices, visual appearance odor
of hazardous chemicals when being released, etc);
(B) The physical and health hazards of chemicals
in the work area; and
(C) The measures employees can take to protect
themselves from these hazards, including specific procedures the employer has implemented to protect employees from exposure to hazardous chemicals, such as
appropriate work practices, emergency procedures, and
personal protective equipment to be used.
(ii) The employee shall be trained on the applicable
details of employer's written Chemical Hygiene Plan.
(g) Medical consultation and medical examinations.
(1) The employer shall provide all employees who
work with hazardous chemicals an opportunity to receive
medical attention, including any follow-up examinations
which the examining physician determines to be necessary, under the following circumstances:
(i) Whenever an employee develops signs or
symptoms associated with a hazardous chemical to which
the employee may have been exposed in the laboratory,
the employee shall be provided an opportunity to receive

(C) Any medical condition which may be revealed
in the course of the examination which may place the
employee at increased risk as a result of exposure to a
hazardous chemical found in the workplace; and
(D) A statement that the employee has been
informed by the physician of the results of the
consultation or medical examination and any medical
condition that may require further examination or
treatment.
(ii) The written opinion shall not reveal specific
findings of diagnoses unrelated to occupation exposure.
(h) Hazard identification.
(1) With respect to labels and material safety
data sheets:
(i) Employees shall assure that labels on
incoming containers of hazardous chemicals are not
removed or defaced.

an appropriate medical examination.
(ii) Where exposure monitoring reveals an exposure
level routinely above the action level (or in the absence of
an action level, the PEL) for an OSHA regulated
substance for which there are exposure monitoring and
medical surveillance requirements, medical surveillance
shall be established for the affected employee as
prescribed by the particular standard.
(iii) Whenever an event takes place in the work area
such as a spill, leak, explosion or other occurrence resulting in the likelihood of a hazardous exposure, the affected
employee shall be provided an opportunity for a medical
consultation. Such consultation shall be for the purpose of
determining the need for a medical examination.
(2) All medical examinations and consultations shall
be performed by or under the direct supervision of a
licensed physician and shall be provided without cost to
the employee, without loss of pay and at a reasonable time
and place.
(3) Information provided to the physician. The
employer shall provide the following information to
the physician:
(i) The identity of the hazardous chemical(s) to
which the employee may have been exposed;
(ii) A description of the conditions under which the
exposure occurred including quantitative exposure data,
if available; and
(iii) A description of the signs and symptoms
of exposure that the employee is experiencing if
any.
(4) Physician's written opinion. (i) For examination
or consultation required under this standard, the
employer shall obtain a written opinion from the
examining physician which shall include the following:
(A) Any recommendation for further
medical follow-up;
(B) The results of the medical examination and
any associated tests;

(ii) Employers shall maintain any material safety
data sheets that are received with incoming shipments
of hazardous chemicals, and ensure that they are
readily accessible to laboratory employees.
(2) The following provisions shall apply to
chemical substances developed in the laboratory:
(i) If the composition of the chemical substance
which is produced exclusively for the laboratory's use is
known, the employer shall determine if it is a hazardous
chemical as defined in paragraph (b) of this section. If
the chemical is determined to be hazardous, the
employer shall provide appropriate training as required
under paragraph (f) of this section.
(ii) If the chemical produced is a byproduct whose
composition is not known, the employer shall assume
that the substance is hazardous and shall implement
paragraph (e) of this section.
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(iii) If the chemical substance is produced for
another user outside of the laboratory, the employer
shall comply with the Hazard Communication Standard
(29 CFR 1910.1200) including the requirements for
preparation of material safety data sheets and labeling.
(i) Use of respirators. Where the use of respirators
is necessary to maintain exposure below permissible
exposure limits, the employer shall provide, at no cost
to the employee, the proper respiratory equipment.
Respirators shall be selected and used in accordance
with the requirements of 29 CFR 1910.134.
(j) Recordkeeping.
(1) The employer shall establish and maintain for
each employee an accurate record of any measurements
taken to monitor employee exposures and any medical
consultation and examinations including tests or written
opinions required by this standard.
(2) The employer shall assure that such records are
kept, transferred, and made available in accordance
with 29 CFR 1910.20.
(k) Dates(1) Effective date. This section shall become
effective May 1, 1990.
(2) Start-up dates. (i) Employers shall have
developed and implemented a written Chemical
Hygiene Plan no later than January 31, 1991.
(ii) Paragraph (a) (2) of this section shall not take
effect until the employer has developed and
implemented a written Chemical Hygiene Plan.
(1) Appendices. The information contained in the
appendices is not intended, by itself, to create any
additional obligations not otherwise imposed or to
detract from any existing obligation.
Appendix A to 1910.1450-- National
Research Council Recommendations
Concerning Chemical Hygiene in
Laboratories (Non-Mandatory)

1.
2.
3.
4.
5.
1.
2.
3.
4.
5.
6.
1.
2.
3.
4.
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Corresponding Sections of the Standard and
This Appendix
A. General Principles
Minimize All Chemical Exposures
Avoid Underestimation of Risk
Provide Adequate Ventilation
Institute a Chemical Hygiene Program
Observe the PELs and TLVs
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Chief Executive Officer
Supervisor of Administrative Unit
Chemical Hygiene Officer
Laboratory Supervisor
Project Director
Laboratory Worker
C. The Laboratory Facility
Design
Maintenance
Usage
Ventilation
D. Components of the Chemical Hygiene Plan
1. Basic Rules and Procedures
2. Chemical Procurement, Distribution & Storage
3. Environmental Monitoring
4. Housekeeping, Maintenance and Inspections
5. Medical Program
6. Personal Protective Apparel and Equipment
7. Records
8. Signs and Labels
9. Spills and Accidents
10. Training and Information
11. Waste Disposal
E. General Procedures for Working with Chemicals
1. General Rules for All Laboratory Work
with Chemicals
2. Allergens and Embryotoxins
3. Chemicals of Moderate Chronic or High
Acute Toxicity
4. Chemicals of High Chronic Toxicity

Table of Contents
Foreword

5. Animal Work with Chemicals of High
Chronic. Toxicity

F. Safety Recommendations
G. Material Safety Data Sheets
Foreword
As guidance for each employer's development of an
appropriate laboratory Chemical Hygiene Plan, the
following non-mandatory recommendations are provided.
They were extracted from "Prudent Practices for Handling
Hazardous Chemicals in Laboratories" (referred to below
as "Prudent Practices"), which was published in 1981 by
the National Research Council and is available from the
National Academy Press, 2101 Constitution Ave., NW,
Washington DC 20418.

"Prudent Practices" is cited because of its wide
distribution and acceptance and because of its preparation
by members of the laboratory community through the
sponsorship of the National Research Council. However,
none of the recommendations given here will modify any
requirements of the laboratory standard. This appendix
merely presents pertinent recommendations from "Prudent
Practices," organized into a form convenient for quick
reference during operation of a laboratory facility and
during development and application of a Chemical
Hygiene Plan. Users of this appendix should consult
"Prudent Practices" for a more extended presentation and
justification for each recommendation.
"Prudent Practices" deals with both safety and
chemical hazards while the laboratory standard is
concerned primarily with chemical hazards. Therefore,
only those recommendations directed primarily toward
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control of toxic exposures are cited in this appendix, with
the term "chemical hygiene" being substituted for the
word "safety." However, since conditions producing or
threatening physical injury often pose toxic risks as well,
page references concerning major categories of safety
hazards in the laboratory are given in section F.
The recommendations from "Prudent Practices" have
been paraphrased, combined, or otherwise reorganized,
and headings have been added. However, their sense has
not been changed.

Corresponding Sections of the Standard and
This Appendix
The following table is given for the convenience
of those who are developing a Chemical Hygiene Plan
which will satisfy the requirements of paragraph (e) of the
standard. It indicates those sections of this appendix which
are most pertinent to each of the sections of paragraph (e)
and related paragraphs.
Paragraph and topic in laboratory
Relevant
standard
appendix
section
(e)(3)(i) Standard operating procedures
C, D, E
for handling toxic chemicals.
(e)(3)(ii) Criteria to be used for implementation of measures to reduce
D
exposures
(e)(3)(iii) Fume hood performance.
C4b
(e)(3)(iv) Employee information and
D10, D9
training (including emergency
procedures).
(e)(3)(v) Requirements for prior approval E2b, E4b
of laboratory activities.
(e)(3)(vi) Medical consultation and
D5, E4f
medical examinations.
(e)(3)(vii) Chemical hygiene
B
responsibilities.
(e)(3)(viii) Special precautions for work
E2, E3, E4
with particularly hazardous substances.

A-D. Those recommendations of primary concern to
employees who are actually handling laboratory chemicals
are given in section E. (References to page numbers in
"Prudent Practices" are given in parentheses.)

A. General Principles for Work with
Laboratory Chemicals
In addition to the more detailed recommendations
listed below in sections B - E, "Prudent Practices"
expresses certain general principles, including the
following:
1. It is prudent to minimize all chemical exposures.
Because few laboratory chemicals are without hazards,
general precautions for handling all laboratory chemicals
should be adopted, rather than specific guidelines for
particular chemicals (2,10). Skin contact with chemicals
should be avoided as a cardinal rule (198).
2. Avoid underestimation of risk. Even for substances
of no known significant hazard, exposure should be
minimized; for work with substances which present
special hazards, special precautions should be taken (10,
37, 38). One should assume that any mixture will be more
toxic than its most toxic component (30, 103) and that all
substances of unknown toxicity are toxic (3, 34).
3. Provide adequate ventilation. The best way to
prevent exposure to airborne substances is to prevent their
escape into the working atmosphere by use of hoods and
other ventilation devices (32, 198).
4. Institute a chemical hygiene program. A
mandatory chemical hygiene program designed to
minimize exposures is needed; it should be a regular,
continuing effort, not merely a standby or short-term
activity (6,11). Its recommendations should be followed
in academic teaching laboratories as well as by full-time
laboratory workers (13).
5. Observe the PELs, TLVs. The Permissible
Exposure Limits of OSHA and the Threshold Limit
Values of the American Conference of Governmental
Industrial Hygienists should not be exceeded (13).

In this appendix, those recommendations directed primarily at administrators and supervisors are given in sections

B. Chemical Hygiene Responsibilities
Responsibility for chemical hygiene rests at all levels
(6, 11, 21) including the:
1. Chief executive officer, who has ultimate
responsibility for chemical hygiene within the institution
and must, with other administrators, provide continuing
support for institutional chemical hygiene (7, 11).
2. Supervisor of the department or other administrative
unit, who is responsible for chemical hygiene in that unit
(7).
3. Chemical hygiene officer(s), whose appointment is
essential (7) and who must:
(a) Work with administrators and other employees to
develop and
(b) Monitor procurement, use, and disposal of

chemicals used in the lab (8);
(c) See that appropriate audits are maintained (8);
(d) Help project directors develop precautions and
adequate facilities (11));
(e) Know the current legal requirements concerning
regulated substances (50); and
(f) Seek ways to improve the chemical hygiene
program (8, 11).
4. Laboratory supervisor, who has overall
responsibility for chemical hygiene in the laboratory (21)
including responsibility to:
(a) Ensure that workers know and follow the chemical
hygiene rules, that protective equipment is available and
in working order, and that appropriate training has been
provided (21, 22);
(b) Provide regular, formal chemical hygiene and
housekeeping inspections including routine inspections of
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emergency equipment (21, 171);
(c) Know the current legal requirements concerning
regulated substances (50, 231);
(d) Determine the required levels of protective apparel
and equipment (156, 160, 162); and
(e) Ensure that facilities and training for use of any
material being ordered are adequate (215).
5. Project director or director of other specific
operation, who has primary responsibility for chemical
hygiene procedures for that operation (7).
6. Laboratory worker, who is responsible for:
(a) Planning and conducting each operation in
accordance with the institutional chemical hygiene
procedures (7, 21, 22, 230); and
(b) Developing good personal chemical hygiene habits
(22).

C. The Laboratory Facility
1. Design. The laboratory facility should have:
(a) An appropriate general ventilation system (see C4
below) with air intakes and exhausts located so as to avoid
intake of contaminated air (194);
(b) Adequate, well-ventilated stockrooms/storerooms
(218, 219);
(c) Laboratory hoods and sinks (12, 162);
(d) Other safety equipment including
eyewash fountains and drench showers (162, 169); and
(e) Arrangements for waste disposal (12, 240).
2. Maintenance. Chemical-hygiene-related equipment
(hoods, incinerator, etc.) should undergo continual
appraisal and be modified if inadequate (11, 12).
3. Usage. The work conducted (10) and its scale (12)
must be appropriate to the physical facilities available
and, especially, to the quality of ventilation (13).
4. Ventilation--(a) General laboratory ventilation. This
system should: Provide a source of air for breathing and for
input to local ventilation devices (199); it should not be
relied on for protection from toxic substances released into
the laboratory (198); ensure that laboratory air is
continually replaced, preventing increase of air

monitored (at least every 3 months) (6, 12, 14, 195), and
reevaluated whenever a change in local ventilation
devices is made (12, 195, 207). See pp. 195-198 for
methods of evaluation and for calculation of estimated
airborne contaminant concentrations.

D Components of the Chemical Hygiene Plan
1. Basic Rules and Procedures (Recommendations for
these are given in section E, below.)
2. Chemical Procurement, Distribution, and Storage
(a) Procurement. Before a substance is received,
information on proper handling, storage, and disposal
should be known to those who will be involved (215,
216). No container should be accepted without an
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concentrations of toxic substances during the working day
(194); direct air flow into the laboratory from nonlaboratory areas and out to the exterior of the building
(194).
(b) Hoods. A laboratory hood with 2.5 linear feet of
hood space per person should be provided for every 2
workers if they spend most of their time working with
chemicals (199); each hood should have a continuous
monitoring device to allow convenient confirmation of
adequate hood performance before use (200, 209). If this
is not possible, work with substances of unknown toxicity
should be avoided (13) or other types of local ventilation
devices should be provided (199). See pp. 201-206 for a
discussion of hood design, construction, and evaluation.
(c) Other local ventilation devices. Ventilated storage
cabinets, canopy hoods, snorkels, etc. should be provided
as needed (199). Each canopy hood and snorkel should
have a separate exhaust duct (207).
(d) Special ventilation areas. Exhaust air from glove
boxes and isolation rooms should be passed through
scrubbers or other treatment before release into the
regular exhaust system (208). Cold rooms and warm
rooms should have provisions for rapid escape and for
escape in the event of electrical failure (209).
(e) Modifications. Any alteration of the ventilation
system should be made only if thorough testing indicates
that worker protection from airborne toxic substances will
continue to be adequate (12, 193, 204).
(f) Performance. Rate: 4-12 room air changes/hour is
normally adequate general ventilation if local exhaust
systems such as hoods are used as the primary method
of control (194).
(g) Quality. General air flow should not be turbulent
and should be relatively uniform throughout the
laboratory, with no high velocity or static areas (194,
195); airflow into and within the hood should not be
excessively turbulent (200); hood face velocity should
be adequate (typically 60-100 lfm) (200, 204).
(h) Evaluation. Quality and quantity of
ventilation should be evaluated on installation (202),
regularly

adequate identifying label (216). Preferably, all
substances should be received in a central location (216).
(b) Stockrooms/storerooms. Toxic substances should
be segregated in a well identified area with local exhaust
ventilation (221). Chemicals which are highly toxic (227)
or other chemicals whose containers have been opened
should be in unbreakable secondary containers (219).
Stored chemicals should be examined periodically (at
least annually) for replacement, deterioration, and
container integrity (218-19). Stockrooms/ storerooms
should not be used as preparation or repackaging areas,
should be open during normal working hours, and should
be controlled by one person (219).
(c) Distribution. When chemicals are hand carried,
the container should be placed in an outside container or
bucket. Freight-only elevators should be used if possible
(223).
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(d) Laboratory storage. Amounts permitted should
be as small as practical. Storage on bench tops and in
hoods is inadvisable. Exposure to heat or direct sunlight
should be avoided. Periodic inventories should be
conducted, with unneeded items being discarded or
returned to the storeroom/stockroom (225-6, 229).
3. Environmental Monitoring
Regular instrumental monitoring of airborne
concentrations is not usually justified or practical in
laboratories but may be appropriate when testing or
redesigning hoods or other ventilation devices (12) or
when a highly toxic substance is stored or used
regularly (e.g., 3 times/week) (13).
4. Housekeeping, Maintenance, and Inspections
(a) Cleaning. Floors should be cleaned regularly (24).
(b) Inspections. Formal housekeeping and chemical
hygiene inspections should be held at least quarterly (6,
21) for units which have frequent personnel changes
and semiannually for others; informal inspections
should be continual (21).
(c) Maintenance. Eye wash fountains should be
inspected at intervals of not less than 3 months.
Respirators for routine use should be inspected
periodically by the laboratory supervisor (169).
Other safety equipment should be inspected
regularly (e.g., every 3-6 months) (6, 24, 171).
Procedures to prevent restarting of out-of-service
equipment should be established (25).
(d) Passageways. Stairways and hallways should not
be used as storage areas (24). Access to exits, emergency
equipment, and utility controls should never be blocked
(24).
5. Medical Program
(a) Compliance with regulations. Regular medical
surveillance should be established to the extent
required by regulations (12).
(b) Routine surveillance. Anyone whose work
involves regular and frequent handling of toxicologically
significant quantities of a chemical should consult a
(b) Identity labels, showing contents of containers
(including waste receptacles) and associated hazards (27,
48);
(c) Location signs for safety showers, eyewash stations,
other safety and first aid equipment, exits (27) and areas
where food and beverage consumption and storage are
permitted (24); and
(d) Warnings at areas or equipment where special or
unusual hazards exist (27).
9. Spills and Accidents
(a) A written emergency plan should be established and
communicated to all personnel; it should include procedures
for ventilation failure (200), evacuation, medical care,
reporting, and drills (172).
(b) There should be an alarm system to alert people in

qualified physician to determine on an individual basis
whether a regular schedule of medical surveillance is
desirable (11, 50).
(c) First aid. Personnel trained in first aid should be
available during working hours and an emergency
room with medical personnel should be nearby (173).
See pp. 176-178 for description of some emergency
first aid procedures.
6. Protective Apparel and Equipment
These should include for each laboratory:
(a) Protective apparel compatible with the
required degree of protection for substances being
handled (158-161);
(b) An easily accessible drench-type safety
shower (162, 169);
(c) An eyewash fountain (162)
(d) A fire extinguisher (162-164);
(e) Respiratory protection (164-9), fire alarm and
telephone for emergency use (162) should be
available nearby; and
(f) Other items designated by the laboratory
supervisor (156, 160).
7. Records
(a) Accident records should be written and
retained (174).
(b) Chemical Hygiene Plan records should
document that the facilities and precautions were
compatible with current knowledge and regulations (7).
(c) Inventory and usage records for high-risk
substances should be kept as. specified in section
E3e below.
(d) Medical records should be retained by the
institution in accordance with the requirements of state
and federal regulations (12).
8. Signs and Labels
Prominent signs and labels of the following
types should be posted:
(a) Emergency telephone numbers of emergency
personnel/facilities, supervisors, and laboratory
workers (28);
all parts of the facility including isolation areas such as
cold rooms (172).
(c) A spill control policy should be developed and
should include consideration of prevention, containment,
cleanup, and reporting (175).
(d) All accidents or near accidents should be carefully
analyzed with the results distributed to all who might
benefit (8, 28).
10. Information and Training Program
(a) Aim: To assure that all individuals at risk are
adequately informed about the work in the laboratory, its
risks, and what to do if an accident occurs (5, 15).
(b) Emergency and Personal Protection Training: Every
laboratory worker should know the location and proper use
of available protective apparel and equipment (154, 169).
Some of the full-time personnel of the laboratory should be
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trained in the proper use of emergency equipment and
procedures (6). Such training as well as first aid instruction
should be available to (154) and encouraged for (176)
everyone who might need it.
(c) Receiving and stockroom/storeroom personnel
should know about hazards, handling equipment,
protective apparel, and relevant regulations (217).
(d) Frequency of Training: The training and education
program should be a regular, continuing activity -- not
simply an annual presentation (15).
(e) Literature/Consultation: Literature and consulting
advice concerning chemical hygiene should be readily
available to laboratory personnel, who should be encouraged to use these information resources (14).
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refuse for landfill burial is unacceptable (14). Hoods should
not be used as a means of disposal for volatile chemicals
(40, 200). Disposal by recycling (233, 243) or chemical
decontamination (40, 230) should be used when possible.

E. Basic Rules and Procedures for Working with
Chemicals
The Chemical Hygiene Plan should require that
laboratory workers know and follow its rules and
procedures. In addition to the procedures of the sub
programs mentioned above, these should include the rules
listed below.

DOT regulations (244).
(c) Discarding Chemical Stocks: Unlabeled containers
of chemicals and solutions should undergo prompt
disposal; if partially used, they should not be opened (24,
27). Before a worker's employment in the laboratory ends,
chemicals for which that person was responsible should be
discarded or returned to storage (226).
(d) Frequency of Disposal: Waste should be removed
from laboratories to a central waste storage area at least
once per week and from the central waste storage area at
regular intervals (14).
(e) Method of Disposal: Incineration in an
environmentally acceptable manner is the most practical
disposal method for combustible laboratory waste (14, 238,
241). Indiscriminate disposal by pouring waste chemicals
down the drain (14, 231,242) or adding them to mixed

1. General Rules
The following should be used for essentially all
laboratory work with chemicals:
(a) Accidents and Spills--Eye Contact: Promptly flush
eyes with water for a prolonged period (15 minutes) and
seek medical attention (33, 172).
Ingestion: Encourage the victim to drink large amounts
of water (178).
Skin Contact: Promptly flush the affected area with
water (33, 172, 178) and remove any contaminated clothing
(172, 178). If symptoms persist after washing, seek medical
attention (33). Clean-up. Promptly clean up spills, using
appropriate protective apparel and equipment and proper
disposal (24, 33). See pp. 233-237 for specific clean-up
recommendations.
(b) Avoidance of "routine" exposure: Develop and
encourage safe habits (23); avoid unnecessary exposure to
chemicals by any route (23). Do not smell or taste chen—
icals (32). Vent apparatus which may discharge toxic
chemicals (vacuum pumps, distillation columns, etc.) into
local exhaust devices (199). Inspect gloves (157) and test
glove boxes (208) before use. Do not allow release of toxic
substances in cold rooms and warm rooms, since these
have contained recirculated atmospheres (209).
(c) Choice of chemicals: Use only those chemicals for
which the quality of the available ventilation system is
appropriate (13).

(d) Eating, smoking, etc.: Avoid eating, drinking,
smoking, gum chewing, or application of cosmetics in
areas where laboratory chemicals are present (22, 24, 32,
40); wash hands before conducting these activities (23, 24).
Avoid storage, handling, or consumption of food or
beverages in storage areas, refrigerators, glassware or
utensils which are also used for laboratory operations (23,
24, 226).
(e) Equipment and glassware: Handle and store
laboratory glassware with care to avoid damage; do not use
damaged glassware (25). Use extra care with Dewar flasks
and other evacuated glass apparatus; shield or wrap them to
contain chemicals and fragments should implosion occur
(25). Use equipment only for its designed purpose (23, 26).
(f) Exiting: Wash areas of exposed skin well before
leaving the laboratory (23).

(g) Horseplay: Avoid practical jokes or other behavior
which might confuse, startle or distract another worker
(23).
(h) Mouth suction: Do not use mouth suction
for pipeting or starting a siphon (23, 32).
(i) Personal apparel: Confine long hair and loose
clothing (23, 158). Wear shoes at all times in the
laboratory but do not wear sandals, perforated shoes, or
sneakers (158).
(j) Personal housekeeping: Keep the work area clean
and uncluttered, with chemicals and equipment being
properly labeled and stored; clean up the work area on
completion of an operation or at the end of each day (24).
(k) Personal protection: Assure that appropriate eye
protection (154-156) is worn by all persons, including
visitors, where chemicals are stored or handled (22, 23, 33,
154). Wear appropriate gloves when the potential for

11. Waste Disposal Program
(a) Aim: To assure that minimal harm to people, other
organisms, and the environment will result from the
disposal of waste laboratory chemicals (5).
(b) Content (14, 232, 233, 240): The waste disposal
program should specify how waste is to be collected,
segregated, stored, and transported and include
consideration of what materials can be incinerated.
Transport from the institution must be in accordance with
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contact with toxic materials exists (157); inspect the gloves
before each use, wash them before removal, and replace
them periodically (157). (A table of resistance to chemicals
of common glove materials is given on p. 159). Use
appropriate (164-168) respiratory equipment when air
contaminant concentrations are not sufficiently restricted
by engineering controls (164-5), inspecting the respirator
before use (169). Use any other protective and emergency
apparel and equipment as appropriate (22, 157-162). Avoid
use of contact lenses in the laboratory unless necessary; if
they are used, inform supervisor so special precautions can
be taken (155). Remove laboratory coats immediately on
significant contamination (161).
(l) Planning: Seek information and advice about
hazards (7), plan appropriate protective procedures, and
plan positioning of equipment before beginning any new
operation (22, 23).
(m) Unattended operations: Leave lights on, place an
appropriate sign on the door, and provide for containment
of toxic substances in the event of failure of a utility
service (such as cooling water) to an unattended operation
(27, 128).
(n) Use of hood: Use the hood for operations
which might result in release of toxic chemical vapors
or dust (198-9). As a rule of thumb, use a
hood or other local. ventilation device when working
with any appreciably volatile substance with a TLV of
less than 50 ppm (13). Confirm adequate hood
performance before use; keep hood closed at all times
except when adjustments within the hood are being
made (200); keep materials stored in hoods to a
minimum and do not allow them to block vents or air
flow (200). Leave the hood "on" when it is not in
active use if toxic substances are stored in it or if it is
uncertain whether adequate general laboratory
ventilation will be maintained when it is "off" (200).
(o) Vigilance: Be alert to unsafe conditions and see that
they are corrected when detected (22).
(p) Waste disposal: Assure that the plan for each
laboratory operation includes plans and training for waste
disposal (230). Deposit chemical waste in appropriately
labeled receptacles and follow all other waste disposal
(c) Location: Use and store these substances only in
areas of restricted access with special warning signs (40,
229). Always use a hood (previously evaluated to confirm
adequate performance with a face velocity of at least 60
linear feet per minute) (40) or other containment device for
procedures which may result in the generation of aerosols
or vapors containing the substance (39); trap released
vapors to prevent their discharge with the hood exhaust
(40).
(d) Personal protection: Always avoid skin contact by
use of gloves and long sleeves (and other protective
apparel as appropriate) (39). Always wash hands and arms
immediately after working with these materials (40).
(e) Records: Maintain records of the amounts of these
materials on hand, amounts used, and the names of the
workers involved (40, 229).

procedures of the Chemical Hygiene Plan (22, 24). Do not
discharge to the sewer concentrated acids or bases (231);
highly toxic, malodorous, or lachrymatory substances
(231); or any substances which might interfere with the
biological activity of waste water treatment plants, create
fire or explosion hazards, cause structural damage or
obstruct flow (242).
(q) Working alone: Avoid working alone in a building;
do not work alone in a laboratory if the procedures being
conducted are hazardous (28).
2. Working with Allergens and Embryotoxins
(a) Allergens (examples: diazomethane, isocyanates,
bichromates): Wear suitable gloves to prevent hand
contact with allergens or substances of unknown
allergenic activity (35).
(b) Embryotoxins (34-5) (examples: organomercurials,
lead compounds, formaldehyde): If you are a woman of
childbearing age, handle these substances only in a hood
whose satisfactory performance has been confirmed, using
appropriate protective apparel (especially gloves) to
prevent skin contact. Review each use of these materials
with the research supervisor and review continuing uses
annually or whenever a procedural change is made. Store
these substances, properly labeled, in an adequately
ventilated area in an unbreakable secondary container.
Notify supervisors of all incidents of exposure or spills;
consult a qualified physician when appropriate.
3. Work with Chemicals of Moderate Chronic or High
Acute Toxicity
Examples: diisopropylfiuorophosphate
(41), hydrofluoric acid (43), hydrogen cyanide
(45).
Supplemental rules to be followed in addition to those
mentioned above (Procedure B of "Prudent Practices", pp.
39-41):
(a) Aim: To minimize exposure to these toxic
substances by any route using all reasonable precautions
(39).
(b) Applicability: These precautions are appropriate
for substances with moderate chronic or high acute
toxicity used in significant quantities (39).
(f) Prevention of spills and accidents: Be prepared for
accidents and spills (41). Assure that at least 2 people are
present at all times if a compound in use is highly toxic or
of unknown toxicity (39). Store breakable containers of
these substances in chemically resistant trays; also work
and mount apparatus above such trays or cover work and
storage surfaces with removable, absorbent, plastic backed
paper (40). if a major spill occurs outside the hood,
evacuate the area; assure that cleanup personnel wear
suitable protective apparel and equipment (41).
(g) Waste: Thoroughly decontaminate or incinerate
contaminated clothing or shoes (41). If possible,
chemically decontaminate by chemical conversion (40).
Store contaminated waste in closed, suitably labeled,
imperVious containers (for liquids, in glass or plastic
bottles half-filled with vermiculite) (40).
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4. Work with Chemicals of High Chronic Toxicity
Examples: dimethylmercury and nickel carbonyl (48),
benzo-a-pyrene (51), N-nitrosodiethylamine (54), other
human carcinogens or substances with high carcinogenic
potency in animals (38).
Further supplemental rules to be followed, in addition
to all those mentioned above, for work with substances of
known high chronic toxicity (in quantities above a few
milligrams to a few grams, depending on the substance)
(47). (Procedure A of "Prudent Practices" pp. 47-50.)
(a) Access: Conduct all transfers and work with these
substances in a "controlled area": a restricted access hood,
glove box, or portion of a lab, designated for use of highly
toxic substances, for which all people with access are
aware of the substances being used and necessary
precautions (48).
(b) Approvals: Prepare a plan for use and disposal of
these materials and obtain the approval of the laboratory
supervisor (48).
(c) Non-contamination/Decontamination: Protect
vacuum pumps against contamination by scrubbers or
HEPA filters and vent them into the hood (49).
Decontaminate vacuum pumps or other contaminated
equipment, including glassware, in the hood before
removing them from the controlled area (49, 50).
Decontaminate the controlled area before normal work is
resumed there (50).
(d) Exiting: On leaving a controlled area, remove any
protective apparel (placing it in an appropriate, labeled
container) and thoroughly wash hands, forearms, face, and
neck (49).
(e) Housekeeping: Use a wet mop or a vacuum cleaner
equipped with a HEPA filter instead of dry sweeping if
the toxic substance was a dry powder (50).
(f) Medical surveillance: If using toxicologically
significant quantities of such a substance on a regular
basis (e.g., 3 times per week), consult a qualified
physician concerning desirability of regular medical
surveillance (50).
(g) Records: Keep accurate records of the amounts of
these substances stored (229) and used, the dates of use,

(d) Personal protection: When working in the animal
room, wear plastic or rubber gloves, fully buttoned
laboratory coat or jumpsuit and, if needed because of
incomplete suppression of aerosols, other apparel and
equipment (shoe and head coverings, respirator) (56).
(e) Waste disposal: Dispose of contaminated animal
tissues and excreta by incineration if the available
incinerator can convert the contaminant to non-toxic
products (238); otherwise, package the waste appropriately
for burial in an EPA-approved site (239).

F. Safety Recommendations
The above recommendations from "Prudent Practices"
do not include those which are directed primarily toward
prevention of physical injury rather than toxic exposure.
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and names of users (48).
(h) Signs and labels: Assure that the controlled area is
conspicuously marked with warning and restricted access
signs (49) and that all containers of these substances are
appropriately labeled with identity and warning labels
(48).
(i) Spills: Assure that contingency plans,
equipment, and materials to minimize exposures of
people and property in case of accident are available
(233-4).
(j) Storage: Store containers of these chemicals only
in a ventilated, limited access (48, 227, 229) area in
appropriately labeled, unbreakable, chemically resistant,
secondary containers (48, 229).
(k) Glove boxes: For a negative pressure glove box,
ventilation rate must be at least 2 volume changes/ hour
and pressure at least 0.5 inches of water (48). For a
positive pressure glove box, thoroughly check for leaks
before each use (49). In either case, trap the exit gases or
filter them through a HEPA filter and then release them
into the hood (49).
(l) Waste: Use chemical decontamination whenever
possible; ensure that containers of contaminated waste
(including washings from contaminated flasks) are
transferred from the controlled area in a secondary
container under the supervision of authorized personnel
(49, 50, 233).
5. Animal Work with Chemicals of High Chronic Toxicity
(a) Access: For large scale studies, special
facilities with restricted access are preferable (56).
(b) Administration of the toxic substance: When
possible, administer the substance by injection or gavage
instead of in the diet. If administration is in the diet, use a
caging system under negative pressure or under laminar
air flow directed toward HEPA filters (56).
(c) Aerosol suppression: Devise procedures which
minimize formation and dispersal of contaminated
aerosols, including those from food, urine, and feces
(e.g., use HEPA filtered vacuum equipment for cleaning,
moisten contaminated bedding before removal from the
cage, mix diets in closed containers in a hood) (55, 56).
However, failure of precautions against injury will often
have the secondary effect of causing toxic exposures.
Therefore, we list below page references for
recommendations concerning some of the major categories
of safety hazards which also have implications for
chemical hygiene:
1. Corrosive agents: (35-6)
2. Electrically powered laboratory apparatus: (179-92)
3. Fires, explosions: (26, 57-74, 162-4, 174-5, 219-20,
226-7)
4. Low temperature procedures: (26, 88)
5. Pressurized and vacuum operations (including use of
compressed gas cylinders): (27, 75-101)

G. Material Safety Data Sheets
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Material safety data sheets are presented in "Prudent
Practices" for the chemicals listed below. (Asterisks denote
that comprehensive material safety data sheets are
provided.)
*Acetyl peroxide (105)
*Acrolein (106)
*Acrylonitrile
Ammonia (anhydrous) (91)
*Aniline (109)
*Benzene (110)
*Benzo[a]pyrene (112)
*Bis(chloromethyl) ether (113)
Boron trichloride (91)
Boron trifluoride (92)
Bromine (114)
*Tert-butyl hydroperoxide (148)
*Carbon disulfide (116)
Carbon monoxide (92)
*Carbon tetrachloride (118)
*Chlorine (119)
Chlorine trifluoride (94)
*Chloroform (121)
Chloromethane (93)
*Diethyl ether (122)
Diisopropyl fluorophosphate (41)
*Dimethylformamide (123)

*Dimethyl sulfate (125)
*Dioxane (126)
*Ethylene dibromide (128)
*Fluorine (95)
*Formaldehyde (130)
*Hydrazine and salts (132)
Hydrofluoric acid (43)
Hydrogen bromide (98)
Hydrogen chloride (98)
*Hydrogen cyanide (133)
*Hydrogen sulfide (135)
Mercury and compounds (52)
*Methanol (137)
*Morpholine (138)
*Nickel carbonyl (99)
*Nitrobenzene (139)
Nitrogen dioxide (100)
N-nitrosodiethylamine (54)
*Peracetic acid (141)
*Phenol (142)
*Phosgene (143)
*Pyridine (144)
*Sodium azide (145)
*Sodium cyanide (147)
Sulfur dioxide (101)
*Trichloroethylene (149)
*Vinyl chloride (150)

Appendix C
Chemical Hygiene Plan Template
The Chemical Hygiene Plan defines systems to protect employees from the hazards
of chemicals in laboratories. State and federal regulations require a written plan.
Departments (or other administrative units) may choose to create a departmental
Chemical Hygiene Plan and appoint a departmental Chemical Hygiene Officer. If
the department does not have a departmental Chemical Hygiene Plan, each
laboratory work unit (or perhaps a combination of work units) needs to have a
Chemical Hygiene Plan and a Chemical Hygiene Officer.
In either case, the Principal Investigator or other senior manager is primarily
responsible to implement the Chemical Hygiene Plan in their laboratory, although
the operational duties may be assigned to a laboratory manager. Each supervisor in
University of Wisconsin-Madison Safety Department (608) 262-8769

a laboratory is responsible to implement the Chemical Hygiene Plan in work that
they supervise.
This appendix is a template with University-wide information and procedures.
The template may be used at the departmental or laboratory level to sketch out the
Chemical Hygiene Plan. References to individual laboratories should be understood
to refer to "all laboratories in the department" for a departmental plan. To obtain
more information or assistance, please contact the Safety Department at (26)5-5518
or via email (addresses are at http://www.fpm.wisc.edu/chemsafety/chemstaf.htm).
Answers to some frequently asked questions are at Annex 1 to Appendix C.

To develop a chemical hygiene plan:
 Add information to this template as needed. Add pages if needed.
 Appoint a person who has the technical knowledge to help develop and
implement the Plan to be the Chemical Hygiene Officer.
 Review the Plan with everyone to whom it applies.
 Make the Plan available for reference at all times.
 Make the Plan part of your training for new laboratory workers (see Appendix G
for a training outline).

Basic requirements
 Keep all chemical exposures below permissible limits (see Chapters 2, 4, 5 and 6
and Appendix D).
 Keep labels intact on chemicals supplied to you. Label all containers you use to
hold or store chemicals.
 File and make available Material Safety Data Sheets for all your supplied
chemicals and any products you may supply to others.
 Review the Chemical Hygiene Plan at least annually.

This Chemical Hygiene Plan covers:
 Department

 Laboratory

Building and Room Number(s)

Department

Principal Investigator, Laboratory Manager or other Person in Charge
Name

Phone
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Chemical Hygiene Officer
Name

Phone

Date of Most Recent Review (at least annually)

I. Additional Special Operating Procedures

II. Additional Criteria and Precautions for Exposure Control
Use of any hazardous chemical

Particularly hazardous chemical
[List names or categories]

[Special Precautions]

[Special Precautions]

III. Additional Protective Equipment and Fume Hood Information
a. Protective Equipment
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b. Measures to Ensure Proper Performance of Fume Hoods

IV. Additional Training Notes

V. Operations, Procedures or Activities that Require Prior Approval
(optional)

VI. Special Information on Medical Consultation/Examinations
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VII. Special Pollution Prevention / Waste Minimization Information

VIII. Special Chemical Waste Disposal Information
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I. Standard Operating Procedures to Protect Safety and Health
This laboratory follows the procedures in Chapter 4, "Chemical Safety Procedures" of
the Laboratory Safety Guide when working with hazardous chemicals.
While the Laboratory safety Guide is probably sufficient for most activities on campus, note any modified
or additional procedures required in your laboratory. The procedures need only pertain to chemical health
hazards in laboratories. Procedures for other hazards (e.g. radioactivity, biological, etc.) should be
identified as supplemental or by reference to appropriate protocol numbers. For more information:
 ACS Task Force on Laboratory Waste Management, Laboratory Waste Management, A Guidebook,
American Chemical Society. 1994.
 National Research Council, Prudent Practices in the Laboratory: Handling and Disposal of
Chemicals, National Academy Press, 1995.

II. Criteria to Implement Exposure Control Measures
Routine precautions to minimize exposure to hazardous chemicals include:
 Never mouth pipette.
 Wash hands after using chemicals before eating, using the toilet or using tobacco.
 Keep food and beverages out of the laboratory.
Particularly hazardous Substances (see Section 4.6 and Appendix D) are capable of causing serious and /
or permanent injury
 By short-term exposure including accidents (acute).
 By long-term exposure if used under normal laboratory conditions (chronic).
Additional safety precautions are used with particularly hazardous substances. The precautions should
be appropriate to the hazards. Precautions to consider include:
 Working in a fume hood (e.g., volatile liquids, fine powders).
 Using extra eye protection (e.g., caustic liquids).
 Using specially selected gloves and/or double gloving to prevent skin absorption (see Chemical
Resistance Glove Chart in Chapter 4).
 Chilling volatile liquids.
Appendix D discusses particularly hazardous substances in more detail and presents a process to insure
persons working with such substances are aware of both the hazards and the specific precautions for the
intended usage.

Ill. Fume Hoods and Protective Equipment
As discussed in Chapter 4, the Safety Department inspects laboratory fume hoods annually and places a
sticker (see Section 4.5) on the hood that identifies maximum safe sash height and any other performance
restrictions. If the date on your fume hood sticker is over one year old, call the Safety Department to have
the hood reevaluated. Additional measures that help assure proper fume hood performance include (see
also Annex 4-2):
 Close the sash as much as possible, even when working in the hood. Use a horizontal sliding sash or
blast shield when working with equipment that is likely to shatter or splash.
 Use a tissue to verify that air is flowing into the hood.
 Maintain air flow pathways front to back. Elevate large items so that air can flow under them. Align
items from front to back instead of across the back of the hood.
 Keep all work more than 15 cm (6 inches) behind the sash opening.
 Keep heaters more than 30 cm (12 inches) behind the sash opening.
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 Have spill control materials available (i.e., secondary containment [trays], absorbents, spill kits) and
plans posted.
 Keep hood clutter free, do not use it as a storage area. Store chemicals and other material in storage
cabinets so they will not become involved in a hood accident.
 Keep adjustable baffles at the center position. Do not attempt to use another baffle position unless
you have verified that it is better.
 Use personal protective gear (i.e., goggles, apron, shield, gloves) as appropriate for the type of
chemical work.
 Use good personal hygiene. A fume hood cannot protect against skin absorption or accidental
ingestion of chemicals.
 Understand and obey labels and placards.
If you use protective equipment not described in Chapter 4 or take additional steps to ensure the proper
performance of fume hoods or protective equipment, list them on the cover pages.

IV. Information and Training
This Chemical Hygiene Plan must be readily available to all employees during all working hours. Each
laboratory worker must be familiar with the contents of the Plan and know:
 Where the plan is available.
 The location of Material Safety Data Sheets (MSDS) and other hazard information in the laboratory.
The Safety Department will send any MSDS that you need to complete your reference set.
Alternatively, links to MSDS sites are available at the Safety Department's web site,
http://www.fpm.wisc.edu/chemsafety/msds.htm
 How to detect the presence or accidental release of a hazardous chemical
 The hazards of chemicals in the work area and how to protect against them
 How to manage and dispose of waste or unwanted chemicals
Additional training resources:
 Weekly Working Safely with Chemicals training class conducted by the Safety Department.
 Videos are available for loan from the Safety Department.
 Training tools are available from the Howard Hughes Medical Institute. Their web page,
http://www.practicingsafescience.org allows for on-line ordering of videos and provides Laboratory
Chemical Safety Summaries (see Section 2.4) and emergency response guidelines.
The Safety Department will provide information and present special training programs on request. A
convenient form to document training is at the end of this section.

V. Operations, Procedures or Activities that Require Prior Approval
As noted under item II, above, work with particularly hazardous substances and other materials (e.g.,
radiation, biological, etc.) may require additional approval. List any such procedures and the approval
required.

VI. Medical Consultation and Examination
A laboratory worker must have an opportunity to receive a medical examination or consultation without
loss of pay and at no cost to the worker when:
 The individual develops signs or symptoms associated with a hazardous chemical to which they may
have been exposed in the laboratory.
 Measurements show that an OSHA/Wis. Dept. of Commerce action level or Permissible Exposure
Limit is routinely exceeded.
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 There has been a spill, leak, explosion or other occurrence in the work area resulting in the likelihood of
a hazardous exposure.
University employees may receive medical care through their State Group Health Insurance health care
plan. Students may receive medical care from the University Health Service. For the physician to provide
professional care, provide the following information:
 The identity of the hazardous chemical(s) to which the employee may have been exposed.
 A description of the conditions under which the exposure occurred including quantitative exposure
data, if available.
 A description of the signs and symptoms of exposure that the employee is experiencing, if any.
Before the PI or the University can act on an examination, they will need a written opinion from the
examining physician that includes the following:
 Any recommendation for further medical follow-up.
 The results of the medical examination and any associated tests.
 Any medical condition revealed in the course of the examination which may increase the employee's
risk if a chemical exposure occurs in the workplace.
 A statement that the physician has informed the employee of the results of the consultation or
examination and any medical condition that may require further medical attention.
 The written opinion shall not reveal other specific findings of diagnoses that are unrelated to
occupational exposure.
For more information or guidance, contact the Safety Department Occupational Health Manager
(263)-2177.

VII.

Minimizing Waste and Preventing Pollution

Follow the recommendations of Chapter 6 of the Laboratory Safety Guide to the extent feasible while
minimizing interference with primary laboratory operations.

VIII.

Chemical Waste Management

Follow the procedures of Chapter 7 and Appendix A of the Laboratory Safety Guide to manage chemical
waste. For questions or more information about specific waste streams, call the Safety Department at 2655518.
The Safety Department will recycle, neutralize or dispose of chemicals by methods that have been
approved by Federal and State agencies, that are safe for human health and the environment and that
comply with local, state and federal regulations.
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Training Documentation (Recommended -- see FAQ)
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Annex C-1. Frequently Asked Questions (FAQs)
Q: Why do I need a Chemical Hygiene Plan?
A: The Chemical Hygiene Plan provides a basis to inform new laboratory workers about hazardous
chemicals at your location. Chemical Hygiene Plan relieves laboratories from difficult duties
required under other state and federal regulations. This template is also designed to simplify
compliance with federal environmental protection laws and regulations.
Q: I have laboratories in several locations. How many Chemical Hygiene Plans do I need?
A: If the labs do similar work and are in the same building, a single Chemical Hygiene Plan is usually
best. If a lot of information is specific to each lab or if the labs are in different buildings, consider
whether the collected information would be confusing to the reader. If so, use more than one Plan.
Q: I have laboratories in several locations. How many Chemical Hygiene Officers do I need?
A: The Chemical Hygiene Officer should have the training or experience to provide technical guidance
in development and implementation of the Chemical Hygiene Plan. One Chemical Hygiene Officer
may cover several Chemical Hygiene Plans and a single Plan may have more than one Chemical
Hygiene Officer if their duties are clearly delineated.
Q: Does the Chemical Hygiene Officer need to be a manager or supervisor?
A: No. The Chemical Hygiene Officer may come from anywhere on the organization chart. He or she
may be anyone who is qualified by training or experience to provide technical guidance on the
development and implementation of the Chemical Hygiene Plan.
Q: Will the MSDS library at the Safety Department fulfill my needs?
A: No. As with the Chemical Hygiene Plan, employees must have access to MSDS in their workplace at
any time. The Safety Department will provide copies of any MSDS that you need to complete your
collection.
Q: Do I need to create MSDS for any chemicals I produce in my laboratory?
A: No. You only need MSDS for chemicals that are supplied to you from commercial sources. You
should identify the hazardous characteristics of chemicals that you produce and provide the
information to laboratory workers. However, if you sell chemicals produced in your laboratory, the
law requires you to provide an MSDS to the buyer and to label the material according to 29 CFR
1910.1200. Your laboratory will also be subject to additional regulations. Shipping regulations may
apply to the chemicals. Contact the Safety Department for more information (26)5-5518.
Q: Can we use respirators in the laboratory?
A: Protect against airborne contaminants by using a fume hood, glove box or other containment
wherever possible. Selection and use of chemical respirators is complicated, requires professional
assistance and often requires a medical clearance for the user. If you believe you need respirators for
any reason, contact the Safety Department for assistance. Improper respirator use can be dangerous!
Q: Why do I need to document training?
A: Requiring people to acknowledge their training emphasizes its importance and helps motivate them to
remember the information. State and federal inspectors usually judge training success by asking
workers questions based on their training. Documented training is not a defense if workers cannot
answer questions.
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Appendix D
Particularly Hazardous Substances

Particularly Hazardous Substances
(PHS) are:
 known or
suspected human
carcinogens
 reproductive
toxins
 substances with a
high degree of
acute toxicity

The Wisconsin Department of Commerce, Safety and Buildings (DComm)
adopted the U.S. Occupational Safety and Health Administration's (OSHA)
standard for Occupational Exposures to Hazardous Chemicals in Laboratories (see
Appendix B for more details) requires that a laboratory's Chemical Hygiene Plan
include provisions for additional employee protection for work with particularly
hazardous substances. As discussed in Section 4.6, particularly hazardous
substances include select carcinogens, reproductive toxins and substances that
have a high degree of acute toxicity. Chapter 2 covered terminology used in
describing health hazards of toxic chemicals (Section 2.2) and toxicology (Section
2.4). This appendix will describe more fully these particularly hazardous
substances and the additionally required special procedures required to work safely
with these substances.

D.1 Select Carcinogens
A carcinogen can
initiate or speed the
development of
cancer

A carcinogen commonly describes any agent that can initiate or speed the
development of malignant or potentially malignant tumors, malignant neoplastic
proliferation of cells, or cells that possess such materials. Many compounds have
some potential for being a carcinogen. Chemical form, concentration, procedure,
etc. are all factors to be considered in carcinogen risk analysis.
Carcinogens are researched by several agencies. The criteria for listing an
agent substance, mixture, or exposure circumstance as a carcinogen are:
1. Known To Be Human Carcinogen: There is sufficient evidence of
carcinogenicity from studies in humans, which indicates a causal relationship
between exposure to the agent, substance, or mixture, and human cancer.
2. Reasonably Anticipated To Be Human Carcinogen: There is limited
evidence of carcinogenicity from studies in humans, which indicates that
causal interpretation is credible, but that alternative explanations, such as
chance, bias, or confounding factors, could not adequately be excluded, or
there is sufficient evidence of carcinogenicity from studies in experimental
animals, which indicates there is an increased incidence of malignant and/or
a combination of malignant and benign tumors (1) in multiple species or at
multiple tissue sites, or (2) by multiple routes of exposure, or (3) to an
unusual degree with regard to incidence, site, or type of tumor, or age at
onset, or
there is less than sufficient evidence of carcinogenicity in humans or
laboratory animals; however, the agent, substance, or mixture belongs to a
well-defined, structurally related class of substances whose members are
listed in a previous Report on Carcinogens as either known to be a human
carcinogen or reasonably anticipated to be a human carcinogen, or there is
convincing relevant information that the agent acts through mechanisms
indicating it would likely cause cancer in humans.
The conclusions made regarding carcinogenicity in humans or experimental
animals are based on scientific judgment, with consideration given to all relevant
information. Relevant information includes, but is not limited to, dose response,
route of exposure,

University of Wisconsin-Madison Safety Department (608) 262-8769

chemical structure, metabolism, pharrnacokinetics, sensitive sub-populations,
genetic effects, or other data relating to mechanism of action or factors that may
be unique to a given substance. For example, there may be substances for which
there is evidence of carcinogenicity in laboratory animals, but there are
compelling data indicating that the agent acts through mechanisms which do not
operate in humans and would therefore not reasonably be anticipated to cause
cancer in humans.
In order to discriminate between low risk and high risk carcinogens, we will
focus primarily on the substances regulated by OSHA as select carcinogens.
OSHA defines select carcinogens (29 CFR 1910.1450(b) is any substance that is
any substance which meets one of the following criteria:

A listing of select
carcinogens along
with their respective
classifying agency
are found in Annex
1 to this Appendix.

 It is regulated by OSHA as a carcinogen. These are compounds listed in Title
29, Code of Federal Regulations, Part 1910, Subpart Z - Toxic and Hazardous
Substances' (OSHA Carcinogen List)
 It is listed under the category, "known to be carcinogens," in the Annual Report
on Carcinogens published by the National Toxicology Program (NTP)2. This
report, now called the Bi-annual Report on Carcinogens, includes substances
"known to be human carcinogens" because there is sufficient evidence of
carcinogenicity from human studies that indicate a causal relationship between
exposure to the agent and human cancer. The list also includes some substances
which are "reasonably anticipated to be carcinogens."
 It is listed under Group 1 ("carcinogenic to humans") by the International
Agency for Research on Cancer (IARC) Monographs. The IARC is part of the
World Health Organization. Its mission is to coordinate and conduct
epidemiological and laboratory research on the causes of human cancer, the
mechanisms of carcinogenesis, and to develop and disseminate scientific
strategies for cancer control. Compounds designated as Group 1 agents are
know to be "carcinogenic to humans."
 It is listed in either Group 2A ("probably carcinogenic to humans") or 2B
("possibly carcinogenic to humans") by IARC or under the category,
"reasonably anticipated to be human carcinogens" by NTP, and causes
statistically significant tumor incidence in experimental animals in accordance
with any of the following criteria:
 After inhalation exposure of 6-7 hours per day, 5 days per week, for a significant portion of a lifetime to dosages of less than 10 mg/m3;
 After repeated skin application of less than 300 (mg/kg of body weight) per
week; or
 After oral dosages of less than 50 mg/kg of body weight per day.
Annex 1 to Appendix D is a listing of those compounds found in the IARC
monograph (along with their IARC group designation); those from OSHA's
Subpart Z and the NTP report. Following the list are footnotes and other references.
This list does not include industrial processes that have been identified to cause
cancer and other chemicals that may pose a health hazard such as experimental
carcinogens and mutagens.

D.2 Reproductive Toxins
As noted in Chapter 2, reproductive toxins includes any chemicals that may affect
the reproductive process including those that produce chromosomal damage
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(mutations) as well as substances with lethal or teratogenic effects on fetuses. It
also includes substances that can affect the male or female reproductive organs and
the ability to reproduce.
Unfortunately, no recognized list of known human reproductive toxins exists.
OSHA specifically regulates only four agents based on their reproductive toxicity:
dibromochloropropane (DBCP), lead, ionizing radiation and ethylene oxide. The
following list of other potential reproductive hazards is a combination of lists
extracted from the National Institute of Occupational Safety and Health (NIOSH),
the State of California and the U.S. Air Force. This list is by no means comprehensive, chemicals may be added when research indicates a potential risk. Handle all
chemicals with caution. If you are working with an unfamiliar chemical, check the
Material Safety Data Sheet (MSDS) or TOXNET (http://toxnet.nlm.nih.gov) to
determine if the chemical is considered a reproductive toxin.
Reproductive Toxins
Pesticides
Aldrin
Carbaryl
Chlordane
DDT
Dieldrin
Hexachlorobenzene
Kepone (Chlordecone)
Lindane
Methoxychlor
Mirex

Metals
Antimony
Arsenic
Boron
Cadmium
Lead
Lithium
Manganese
Mercury
Selenium

Solvents
Benzene
Carbon Disulfide
Chloroform
Glycidyl Ethers
Hexane
Methylene Chloride
Perchloroethylene
Toluene
Trichloroethylene
Xylene

Glycol Ethers
Ethylene Glycol Monomethyl Ether (also called Methyl Cellosolve or Methoxyethanol)
Ethylene Glycol Monoethyl Ether (also called Ethyl Cellosolve or Ethoxyethanol) Other
Glycol Ethers (many varieties)
Other Organic Chemicals
Aminopterin
I ,3-Butadiene
Chlorambucil
Chlorcyclizine
Chloroprene
Cycloheximide
Cyclophosphamide
Cyhexatin
Cytarabine
DBCP (Dibromochloropropane)
Diethylstilbestrol

Dimethyl Formamide
Dinitrotoluene
Dinoseb
Diphenylhydantoin
Epichlorohydrin
Ethyl alcohol in alcoholic beverages
Ethylene Dibromide
Ethylene Oxide
Ethylene Thiourea
Etretinate
Fluorouracil

Hydrochloride
Isoretinoin
Mechlorethamine
Methotrexate
Methyl Mercury
PCB (Polychlorinated Biphenyl)
Thalidomide
Tobacco Smoke
Valproate
Vinyl Chloride
Warfarin

D.3 Substances with a High Degree of Acute Toxicity
The OSHA Laboratory Standard does not list or define substances with a high
degree of acute toxicity. The rule's preamble (55 FR 3320) describes substances
with a high degree of acute toxicity as those substances that are "fatal or cause
damage to
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target organs as a result of a single exposure or exposures of short duration." Hydrogen cyanide, hydrogen sulfide and nitrogen dioxide are given as examples.
Remember, a chemical may be toxic by one of several routes of entry. To be
classified as having a high degree of acute toxicity, the chemical must fall within
any of the following categories (cf. Section 2.4.c Acute Toxicity and the table in
2.4.c of Classes of Acute Toxicity):
 A chemical with a median lethal dose (LD50) of 50 mg or less per kg of
body weight when administered orally to certain test populations.
 A chemical with an LD50 of 200 mg or less per kg of body weight when
administered by continuous contact for 24 hours (or less if death occurs within
24 hours) to certain test populations (e.g., to the bare skin of albino rabbits
weighing between 2 kg and 3 kg each).
 A chemical with a median lethal concentration (LC50) in air of 200 parts per
million (ppm) by volume or less of gas or vapor, or 2 mg per liter or less of
mist, fume, or dust, when administered to certain test populations (e.g., albino
rats weighing between 200 and 300 gm each) by continuous inhalation for one
hour, provided such concentration and/or condition are likely to be encountered
by humans when the chemical is used in any reasonably foreseeable manner.
Compounds with a High Degree of Acute Toxicity

Oral LD50
Skin Contact LD50
Inhalation LD50

Test Population
albino rats
albino rabbits, 20 hr
albino rats, 1 hour

Toxic
50 - 500 mg/kg
200 - 1000 m./kg
200 - 2000 ppm/air

Highly Toxic
< 50 mg/kg
< 200 mg/kg
< 200 ppm/air

To determine if you use a substance with a high degree of acute toxicity that may
require additional employee protection under the OSHA Laboratory Standard,
consult the MSDS, the Registry of Toxic Effects of Chemical Substances
(RTECS), the Safety Department or the UW Hospital and Clinics Poison Control
Center. TOXNET (http://toxnet.nlm.nih.gov) also provides useful information.
Chapter 2 discusses the criteria for classifying acutely toxic chemicals.
Example of some chemicals with a High Degree of Acute Toxicity






acrolein
arsine
chlorine
diazomethane
diborane (gas)







hydrogen cyanide
hydrogen fluoride
methyl
fluorosulfonate
nickel carbonyl
nitrogen dioxide







osmium tetroxide
ozone
phosgene
sodium azide
sodium cyanide

D.4 Particularly Hazardous Substance Use Approval Form
The responsibility for determining whether a chemical is a Particularly Hazardous
Substance rests jointly with the supervisor and the individual planning to use the
substance. When completed, the Particularly Hazardous Substance Use Approval Form
provides documentation of the specific standard operating procedure for use of the
substance. The Safety Department can send you a form or it can be downloaded from
our web site: http://www.fpm.wisc.edu/chemsafety/forms.htm. Submit the
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completed form to your Chemical Hygiene Officer, and supervisor or Principal
Investigator (as appropriate) for approval.
The reverse of the approval form provides detailed information to help you in
completing the form and suggests the type of additional procedures or exposure
controls which should be considered. These protective procedures include the use of
containment devices and personal protective equipment, decontamination procedures
and procedures for safe removal and disposal of contaminated waste.
D.4.a Substance Information
The Particularly Hazardous Substance Use Approval Form is used for substances
which have been noted to be particularly hazardous. These include:
 Carcinogen: if on the IARC, OSHA, or NTP list.
 Reproductive toxin: mutagens, teratogens, embryotoxins (see Chapter 2).
 High acute toxicity: orally administered LD50._ 50 mg/kg; skin absorption LD50
200 mg/kg; or airbonre LC50 200 ppm or 2 mg/L (see Chapter 2).
While the list in Annex D-1 to this appendix appears thorough, research continues to
identify new substances to be added to this list. Remember, this list is relatively small
subset of all chemical substances. Additionally, on average each chemical may have
10 - 15 different scientific or trade names each. Additionally, chemicals not included
in this Annex may still be toxic.

Examples:
Acetone -17.8C
Ethanol 13 "C
Examples:
sulfuric acid
hydrofluoric acid
sodium hydroxide
Examples:
lithium
sodium
white phosphorus

Examples:
picric acid
chlorine azde
nitroglycerine
Examples:
epoxides
nitrous oxide
nitrobenzene
formaldehyde

D.4.b Hazards
Chapter 2 discusses the various types of hazards a substance may pose. These
include both physical hazards (Section 2.1) posed by the compound and health
hazard risks (Section 2.2) possible from internal deposition of toxic substances by
various routes.
Flammable includes liquids with a flash point 100 °F (38 °C) and solids that are
liable to cause fire through friction, absorption of moisture, spontaneous chemical
change, or which can be ignited readily and then bum vigorously.
Corrosive materials can cause visible destruction of materials or can damage
tissues by their chemical action at the site of contact. These include acids with pH < 2
and bases with pH > 12 which are potentially dangerous.
Reactive compounds may undergo vigorous, sometimes spontaneous reactions
and under certain conditions may generate large quantities of heat or toxic chemicals.
While water reactive commonly comes to mind, others types of reactivity exist. Read
the MSDS and understand possible reactions.
Temperature sensitive compounds are those that must be kept within specified
temperature range to ensure stability.
Incompatibilities, list chemicals or materials which may cause instability or
adverse conditions if mixed with the Particularly Hazardous Substance.
Unstable compounds may have other physical hazards and are those which will
vigorously polymerize, decompose, condense, or become self-reactive under
conditions of shock or high / elevated temperature or pressure. This also includes
substances which may become hazardous over time such as those that produce
peroxides.
Health hazards include compounds which if ingested, inhaled or absorbed
through the skin may cause adverse health effects or damage to skin upon contact.
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Some substances are sensitizers, causing a person to experience allergic reactions,
which may even include anaphylactic shock, upon exposure after the initial sensitization. Additionally, some chemicals may accumulate in body tissues and may then
require medical surveillance.
D.4.c Procedure
Briefly describe the part of the experimental procedure that involves the particularly
hazardous substance paying particular attention to how the chemical will be handled. If
using a vacuum system (either central or in-lab pump), describe what will be done to
insure the substance is not accidentally drawn into the vacuum system. Cold traps or
filters are some examples of such protective measures.
Particularly Hazardous Substances administered to animals may pose a
hazard to animal handlers via contact with animal and excreted
metabolites. From the literature, estimate the amount (weight %) of
particularly hazardous substance expected to be in excreta. Note any
special precautions which should be followed and describe special animal
care staff training.
D.4.d Exposure Controls
Chapter 4 discusses the various ways to protect you and your coworkers from
unnecessary exposures. These precautions are especially important for work with
particularly hazardous substances.
Personnel protective equipment is essential for laboratory work. Gloves, glasses
and lab coat provide a first barrier of protection from accidents.
Safety glasses protect from flying particles and minor chemical splashes (e.g.,
opening centrifuge tubes). Chemical splash goggles should be worn when there is a
possibility of a significant chemical splash, such as for chemical manipulations where
pressure is involved. Face shield, worn with splash goggles, provides full face
protection when working with large volumes of chemicals (face shields must always be
worn with some other form of eye protection).
Gloves should be worn when working with any chemical, and certainly when
working with a particularly hazardous substance. Remember, not all gloves offer the
same level of protection from every chemical, so choose the glove that offers the best
chemical resistance. For more information, see the Chemical Resistance Glove Chart in
Chapter 4, review the MSDS for your substance, the Safety Department web page, or a
specific glove manufacturer's compatibility chart.
Lab coats should be worn when working with any hazardous substance. Because
the coat may become contaminated, it should not be worn outside the laboratory and
should not be taken home for laundering. Work with some compounds may require
additional protective clothing (e.g., an apron provides chemical resistance and
protection from splashes) that may be worn in conjunction to the lab coat. Some
compounds (e.g., formaldehyde) require the use of impervious lab coats or aprons.
A fume hood should be used for chemicals that may produce vapors, mists, or
fumes or if the procedure may generate aerosols. As noted in Section 4.5, the hood
must have an average face velocity of between 95 and 125 feet per minute. This
measurement is noted on the "green" fume hood sticker. If the date on the sticker is
more than 1 year old, contact the Safety Department at 2-8769 for a re-inspection
before using the hood. A glove box is used if protection from atmospheric moisture
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or oxygen is needed or when a fume hood may not provide adequate protection from
exposure to the substance (i.e., a glove box normally provides a protection factor
greater than 10,000).
Highly toxic gases must be used and stored in a vented gas cabinet that is
connected to the laboratory exhaust system and gas feed lines operating above
atmospheric pressure must be coaxial (i.e., double walled).
In general, the Safety Department cautions against the use of respirators.
Engineering controls (e.g., glove box) are the best solution to inhalation hazards and
respirators should be used only when engineering controls are not sufficient. OSHA
requires that respirator use and persons using self-contained breathing apparatus
(SCBA) be approved by a physician, trained and fit-tested. SCBA users must receive
annual refresher training. One reasons to prefer engineering controls is that selection
of the appropriate mask / filter and proper fit are crucial for safety. Persons using
respirators may develop a false sense of security and if a procedure is changed or they
are using a different procedure or compound, they may not be protected.
D.4.e Location / Designated Area
List the building and room number(s) where the
substance will be used and describe where in the room
the substance will be used (e.g., hood, specific benchtop,
several areas in the lab, etc.) The room or area must be
posted with a Designated Area sign, a sample of such a
sign in MS Word or PDF format can be found on the
Safety Department's web site
(http://www.fpm.wisc.edu/chemsafety/forms.htm) or call
for select carcinogens, reproductive toxins
Safety and we will send signs and forms to you.
and high acute toxicity chemicals
Remember, the whole purpose of this procedure is to
AUTHORIZED PERSONNEL ONLY
protect all workers and enable the person using the
particularly hazardous substance to address issues
relating to use and storage. Thus, describe where the
substance will be stored (e.g.,
specify on which shelf, in which refrigerator / freezer, in which hood). Also, use
double containment, that is the container is placed inside another container that is
capable of holding the contents in the event of a leak and provides a protective outer
covering in the event of contamination of the primary container.

DANGER

DESIGNATED AREA

D.4.f Spills, Decontamination and Waste Disposal
Accidents can happen even after all these preparations. Consider the equipment that
will be necessary to decontaminate the work area after use, in the event of a spill, or
upon completion of the work and before the area is returned to routine use. Have this
equipment on hand and readily available. Some corrosive chemicals may be
neutralized before disposal via the sanitary sewer. Some compounds can be chemically deactivated and then discarded as normal trash or via the sanitary sewer. Review
Chapter 7 and Appendix A for a discussion of the proper method to dispose of your
specific chemical wastes. Do not pour particularly hazardous substances into the
sanitary sewer system without Safety Department approval. Follow the spill,
decontamination and waste disposal procedures outlined in the approval form and in
the Laboratory Safety Guide. Call the Safety Department for advice.
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Annex D-1. Select Carcinogens (with footnote)
Substance
A-a-C(2-Amino-9H-pyrido[2,3,b]indole)
Acetaldehyde
Acetamide
2-Acetylaminofluorenel
Acrylamide
Acrylonitrilel
Adriamycin
AF-2[2- (2-Fury1)-3-(5-nitro-2-furyl)acryl ami de]
Aflatoxins
para-Aminoazobenzene
ortho-Aminoazotoluene
4-Arninobiphenyl 1.2
2-Amino-5-(5-nitro-2-fury1)- 1 ,3,4-thiadiazole
Amitrole
Analgesic mixtures containing phenacetin2
Androgenic steroids
ortho-Anisidine
AramiteTM
Arsenic and arsenic compounds1.2
Asbestos' '2
Auramine, technical-grade
Azaserine
Azathioprine2
Benzenel2
Benzidine1.2
Benzidine-based dyes (e.g., DAB)
Benzo[a]pyrene
Benzo[b]fluoranthene
Benzo[f]fluoranthene
Benzo[k]fluoranthene
Benzyl violet 4B
Beryllium compounds
Betel quid with tobacco
Bis(chloroethylnaphthyl)amine
Bis(chloroethyl) nitrosourea (BCNU)
Bis(chloromethyl) etherL2
Bitumens, extracts of steam-refined & air-refined
Bleomycins
Bracken fern: Toxic Component is shikimic acid
1,3-Butadiene
1,4-Butanediol dimethanesulfonate ("Myleran")2
Butylated hydroxyanisole (BHA)
p-Butyrolactone
Cadmium compounds
Carbon-black extracts
Carbon tetrachloride
Carrageenan, degraded

IARC Group4
2B
2B
2B
-2B
2A
2A
2B
1
2B
2B
1
2B
2B
1
2A
2B
2B
1
1
2B
2B
1
1
1
2A
2A
2B
2B
2B
2B
2A
1
1
2A
1
2B
2B
2B
2B
1
2B
2B
2A
2B
2B
2B
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Chlorambucil2
Chloramphenicol
Chlordecone ("Kepone")
a-Chlorinated toluenes
1-(2-Chloroethyl)-3-cyclohexyl-l-nitrosourea (CCNU)
1-(2-ChIoroethyl)-3-(methylcyclohexyl)-1-nitrosourea (Methyl -CCN U)
Chloroform
Chlorophenols
Chlorophenoxy herbicides
4-Chloro-ortho-phenylenediamine
para-Chloro-ortho-toluidine
Chromium (VI) compounds2
Cisplatin
Citrus Red No. 2
Coal tar pitches'
Coal tars'
Cotton dusts'
Creosotes
para-Cresidine
Cycasi n
Cyclophosphamide2
Dacarbazine
Daunomycin
DDT
N,N'-Diacetylbenzidine
2,4-Diaminoanisole
4,4'-Diaminodiphenyl ether
2,4-Diaminotoluene
Dibenz[a,h]acridine
Dibenz [aff] acridine
7H-Dibenzofc,g]carbazole
Dibenz[a,Manthracene
Di benzo [a,e] pyrene
Dibenzo [a, h]pyrene
Dibenzoia,i]pyrene
Dibenzo[a, /lpyrene
1,2-Dibromo-3-chloropropanel
para-Dichlorobenzene
3,3'-Dichlorobenzidine1
3,3'-Dichloro-4,4'-diaminodiphenyl ether
1,2-Dichloroethane (ethylene dichloride)
Dichloromethane (methylene chloride)
1,3-Dichloropropene (technical-grade)
Diepoxyhutane
Di(2-ethylhexyl)phthalate
1,2-Diethylhydrazine
Diethylstilbestrol2
Diethyl sulphate
Diglycidyl resorcinol ether
Dihydrosafrole
3,3'-Dimethoxybenzidine (ortho-Dianisidine) (and dyes metabolized to)
para-Dimethylaminoazobenzene1
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1
2B
2B
2B
2A
1
2B
2B
2B
2B
2B
1
2A
2B
1
1
-2A
2B
2B
1
2B
2B
2B
2B
2B
2B
2B
2B
2B
2B
2A
2B
2B
2B
2B
2B
2B
2B
2B
2B
2B
2B
2B
2B
2B
1
2A
2B
28
2B
2B
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trans-2[(Dimethylamino)methylimino]-5-(2-(5-nitro-2-furypviny1-1,3,4-oxadiazole
3,3'-Dimethylbenzidine (ortho-Tolidine)
1,1-Dimethylhydrazine
1,2-Di methy lhydrazine
Dimethylcarbamoyl chloride
Dimethyl sulphate
1,4-Dioxane
Epichlorohydrin
Erionite
Estrogens, non-steroidal
Estrogens, steroidal
Ethyl acrylate
Ethylene dibromide
Ethyleneiminel(aziridine)
Ethylene oxide'
Ethylene thiourea
Ethyl methanesulphonate (EMS)
N-Ethyl-N-nitrosourea (ENU)
Formaldehyde'
2-(2-Formylhydrazino)-4-(5-nitro-2-furyl)thiazole
Glu-P- 1 (2-Amino-6-methyldipyrido [1 ,2-a:3',2'-dl imidazole)
Glu-P-2 (2-Aminodipyrido[1,2-a:3',2'-d]imidazole)
Glycidaldehyde
Griseofulvin
Hexachlorobenzene
Hexachlorocyclohexanes (e.g., lindane)
Hexamethylphosphoramide
Hydrazine (and hydrazine sulfide)
Indeno[1,2,3-cd]pyrene
IQ (2-Amino-3-methylimidazo[4,5-f]quinoline)
Iron-dextran complex
Iron and steel founding
Isopropyl alcohol manufacture, strong-acid process
Lasiocarpine
Lead compounds (inorganic)'
Magenta, manufacture of
MeA-a-C(2-Amino-3-methyl-9H-pyrido[2,3-b]indole)
Methoxyprogesterone acetate
Melphalan2
Merphalan
5-Methoxypsoralen
8-Methoxypsoralen & UV light'
2-Methylaziridine
Methylazoxymethanol and its acetate
Methyl chloromethyl ether'
5-Methylchrysene
4,4'-Methylene bis(2-chloroaniline) (MOCA)
4,4'-Methylene bis(2-methylaniline)
4,4'-Methylenedianiline
Methyl methanesulphonate
2-Meth y1-1 -nitroanthraquinone
N-Methyl-N-nitrosourethane
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2B
2B
2B
2B
2A
2A
2B
2A
-1
1
2B
2A
-2A
2B
2B
2A
2A
2B
2B
2B
2B
2B
2B
2B
2B
2B
2B
2B
2B
1
1
2B
2B
1
2B
2B
1
2B
2A
1
2B
2B
1
2B
2A
2B
2B
2B
2B
2B
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N-Methyl-N'-nitro-N-nitrosoguanidine (MNNG)
N-Methyl-N-nitrosourea
Methylthiouracil
Metronidazo le
Mineral oils
Mirex
Mitomycin C
Monocrotaline
5-(Morpholinomethyl)-3-[(5-nitrofurfury lidene)amino]-2-oxazolinone
Mustard gas2
Nafenopin
1-Naphthylamine'
2-Naphthylamine1,2
Nickel compounds
Niridazole
5-Nitroacenaphthene
4-Nitrobiphenyl1
Nitrofen (technical-grade)
1 - [(5-Nitrofurfury lidene)amino] -2- imidazolidonone
N-[4-(5-Nitro-2-fury1)-2-thiazolyl] acetamide
Nitrogen mustard
Nitrogen mustard N-oxide
2-Nitropropane
N-Nitrosodiethylamine
N-Nitrosodimethylaminel
N-Nitrosodi-n-butylamine
N-Nitrosodi-ethanolamine
N-Nitrosodi-n-propylarnine
3-(N-Nitrosomethylamino)propionitrile
4-(N-Nitrosomethylamino)- 1 -(3-pyridyI)- 1 -butanone (NNK)
N-Nitrosomethylethylarnine
N-Nitrosomethylvinylamine
N-Nitrosomorpholine
N-Nitrosonornicotine
N-Nitrosopiperidine
N-Nitrosopyrrolidine
N-Nitrososarcosine
Oil Orange SS
Oral contraceptives, combined
Oral contraceptives, sequential
Panfuran S (containing dihydroxymethylfuratrizine)
Phenacetin & analgesics
Phenazopyridine hydrochloride
Phenobarbital
Phenoxybenzamine hydrochloride
Phenytoin
Polybrorninated biphenyls (PBBs)
Polychlorinated biphenyls (PCBs)
Ponceau MX
Ponceau 3R
Potassium bromate
Procarbazine hydrochloride
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2A
2A
2B
2B
1
2B
2B
2B
2B
1
2B
3
1
1
2B
2B
3
2B
2B
2B
2A
2B
2B
2A
2A
2B
2B
2B
2B
2B
2B
2B
2B
2B
2B
2B
2B
2B
1
1
2B
2A
2B
2B
2B
2B
2B
2A
2B
2B
2B
2A
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Progestins
1,3-Propane sultone
P-Propiolactonel
Propylene oxide
Propyl th iourac I
Saccharin
Safrole
Shale oils
Silica, crystalline
Sodium ortho-phenylphenate
Soots
Sterignnatocystin
Streptozotocin
Styrene
Styrene oxide
Sulfa]late
Talc containing asbestiform fibers
2,3,7,8-Tetrachlorodibenzo-para-dioxin (TCDD)
Tetrachloroethylene (per chloroethylene)
Thioacetamide
4,4’- Thiodianiline
Thiourea
Thorium dioxide2
Tobacco products, smokeless
Tobacco smoke
Toluene diisocyanates
ortho-Toluidine
Toxaphene (polychlorinated camphenes)
Treosulphan
Tris(1-aziridinyl)phosphine sulphide (Thiotepa)
Tris(2,3-dibromopropyI) phosphate
Trp-P-1 (3-Amino-i,4-dimethy1-5H-pyrido[4,3-b]indole)
Trp-P-2 (3-Amino-l-methy1-5H-pyrido[4,3-b]indole)
Trypan blue
Uracil mustard
Urethane
Vinyl bromide
Vinyl chloride1,2

327

2B
2B
2B
2A
2B
2B
2B
1
2A
2B
1
2B
2B
2B
2A
2B
1
2B
2B
2B
2B
2B
-1
1
2B
2B
2B
1
2A
2A
2B
2B
2B
2B
2B
2A
1

References
'Occupational Safety and Health Administration Standards, Title 29, Code of Federal Regulations, Part
1910, Subpart Z - Toxic and Hazardous Substances as of 19 January 1989.
2
Tenth Report on Carcinogens, Substances "Known to be Carcinogenic," and "Reasonably anticipated to be
carcinogens," National Toxicology Program, 2002 (http://ntp-server.niehs.nih.gov/).
3
.IARC Monographs Programme on the Evaluation of Carcinogenic Risks to Humans, International
Agency for Research on Cancer, Lyons, France (http://monographs.iarc.fr/monoeval/grlist.html).
4
IARC Carcinogen Groups:
1 = known carcinogenic to humans;
2A = probably carcinogenic to humans;
2B = possibly carcinogenic to humans;
3 = not classifiable as to carcinogenicity due to insufficient or conflicting data.
4 = probably not carcinogenic to humans
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Annex D-2. Particularly Hazardous Substance Use Approval Form
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Appendix E
Laboratory Safety Audit
Use this checklist as an easy way to evaluate your laboratory for safety. Add items that might be special
concerns in your laboratory. Make notes about any areas that could use improvement. Let several people take
the survey and compare results. Repeat this survey once or twice a year to see if you made improvement.
Y











N
 
 
 
 
 
 
 
 
 
 

  

n/a
General Laboratory Safety
1. Lab workers receive required safety training (see Chapter 5, Appendix C).
2. Lab workers have access to MSDS information on all chemicals that they use.
3. Safety showers and eye washes are available within 10 seconds travel.
4. A spill cleanup kit is available (See Chapter 5).
5. All reagent bottles are labeled clearly with chemical name, date and hazard.
6. All chemical containers are capped and sealed when not in use.
7. Centrifuges, incubators, refrigerators and ovens are clean for the next user.
8. People do not work with hazardous chemicals alone in the lab.
9. Passageways to exits are clear.
10. Areas are clear around safety showers, fire extinguishers, fire blankets and electrical
controls.
11.Sinks are available for hand washing.
12. Water is run into seldom used drains to prevent dry traps.
13. The blue / yellow "Laboratory Emergency Information" sheet (see Chapter 5) is
completed and posted.
14. Laboratory has a Sharps Policy if sharps are used.

Y






N
 
 
 
 
 

n/a
Chemical Hygiene
15. There is no food or drink in the laboratory.
16. Lab refrigerators are labeled "Not for food and drink."
17. People never use mouth suction for pipetting.
18. Organic solvents, volatiles and airborne hazards are used in a fume hood.
19. Eye wash / safety shower available, personnel are trained in their use.

Y












N
 
 
 
 
 
 
 
 
 
 
 

n/a
Chemical Storage
20. Flammable solvents, corrosives or reactives are not stored above eye level.
21. Chemicals stored according to compatibility (See Appendix F).
22. A fire safety can is used with more than one gallon of flammable liquid.
23. Flammable materials are not stored above refrigerators or freezers.
24. Flammable materials are kept in UL approved flammable storage cabinets.
25. Flammable storage areas are not used to store miscellaneous materials and equipment.
26. Shatterproof containers are used for flammable liquids whenever possible.
27. Refrigerators labeled to show whether or not they are approved for flammable liquids.
28. All liquid chemicals in refrigerators and freezers are stored in plastic trays.
29. No more than 10 gallons of flammable liquid is stored outside of a storage cabinet.
30. Materials that may become hazardous with prolonged storage (e.g., diethyl ether) are dated
when they are first opened.
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Y
N
n/a
Laboratory Waste Disposal
   31. Proper receptacles for solvents, glass, paper, sharps and radioactive waste are present.
   32. Hard plastic sharps containers are used for the collection of razor blades, scalpel blades and
needles.
   33. A strong, lined corrugated box is used for the disposal of clean laboratory glass.
   34. A Safety Department carboy is used for the disposal of organic solvents.
   35. All containers for waste chemicals are labeled "Hazardous Waste."
   36. An area is available to collect unneeded chemicals for Safety Department removal.
   37. If radioactive or infectious waste is generated in your lab, requirements in the Radiation Safety
or Biological Safety manual, as appropriate, are followed.

Y









N









n/a Instrument and Equipment Use
 38. All users have been trained in proper operating and safety procedures.
 39. Areas around instruments and equipment are clear.
 40. Vacuum pumps have cold traps to prevent volatiles from getting into pump oil.
 41. Equipment with moving parts (e.g., a belt-driven pump) have safeguards.
 42. Dewar flasks and vacuum dessicators are taped or guarded.
 43. Oil baths and hot plates are not left unattended.
 44. Gas cylinders are secured.
 45. Bunsen burner hoses are in good condition.

Y







N
 
 
 
 
 
 
















  
  
  

n/a
Personal Protective Equipment
46. Safety glasses or goggles are worn by everyone in the laboratory.
47. All personal protective equipment is inspected periodically for wear and deterioration.
48. Contamination free lab coats are worn when working in the laboratory.
49. Rubber or plastic aprons are worn when using liquid caustics or corrosives.
50. Goggles are used when using liquid corrosives or caustics.
51. Full face shields are worn over safety glasses when working with large quantities of
reactive chemicals.
52. Special UV glasses are worn when working with ultraviolet radiation.
53. Proper eye protection is used when working with lasers.
54. Gloves are worn when there is any risk of skin contact with a laboratory chemical.
55. Correct gloves are used to provide protection for specific chemicals (see glove chart in
Chapter 4).
56. Heat resistant gloves and tongs are available to handle hot items.
57. No open toed shoes nor shorts are worn in the lab.
58. Respirators are not used without proper training (call the Safety Department for details).

Y
N
n/a
Fume Hoods
   59. Hoods have a strip of tissue taped to their sash or some other means to indicate proper air
flow.
   60. Hoods are clear, front to back for good air flow.
   61. Hazardous material is kept at least 15 cm behind the plane of the sash
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   62. Hoods have a current Safety Department inspection sticker (hoods should be checked
annually).
   63. Sash is kept down except when working in hood.
   64. Hoods are not used to store chemicals and apparatus.
   65. Sash on hood is not raised past the marks on the inspection sticker.
   66. Perchloric acid is used only in approved wash down hoods.
Y







N n/a
 
 
 
 
 
 

Fire Safety
67. Fire and stairwell doors are closed at all times.
68. People have been trained to operate fire extinguishers (if not call Safety).
69. Lab doors are closed at the end of the work day.
70. Lab has a fire evacuation plan.
71. People know the location of fire extinguishers and alarms.
72. Policy restricts bench top accumulation of flammable chemicals to the amount needed for
current procedures.
   73. If your laboratory has a sprinkler system, there is a minimum of 18 inches of space
below the ceiling sprinkler deflectors.
   74. Explosion proof electrical equipment is used when working with flammable liquids.
   76. There are no space heaters in your laboratory.
Y





N





n/a Electrical Safety
 77. Circuit breaker boxes are unobstructed and all breakers are labeled.
 78. All appliances have three pronged grounded plugs and are UL approved.
 79. All wiring is in good repair.
 80. There are no extension cords being used.
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Appendix F
Preventing Chemical Incompatibility Hazards
Unsure if your
chemicals are
compatible?
Call us at 5-5518.

Consider chemical
compatibility when:
 Storing chemicals
 Packaging
chemicals for
transport
 Pouring a variety
of solvents into
carboys

Avoid the hazards of chemical incompatibility. Incompatible chemical mixtures can
cause violent reactions, explosions, fires or generate toxic gases. Containers that are
incompatible with their contents can leak or catastrophically fail. In a fire or other
disaster, containers break and chemicals could combine to fuel a fire or react to injure
emergency responders. What threat would your bottles of oxidizers and flammable
liquids pose if fire fighters dragged hoses through the aisles of your laboratory? Address
chemical incompatibility hazards from three perspectives:

 Containment: proper containers and closures prevent leaks and releases.
 Storage: keep any aqueous acids away from cyanide salts.
 Mixing: oxidizers, acids, or reactives should not be mixed together in a
flammable solvent waste container.
Because of the scope and complexity of this topic, this Appendix is not meant to be
comprehensive. For more information consult Bretherick's Handbook of Reactive
Chemical Hazards, Fourth Edition (L. Bretherick, Butterworth's, London 1990), and
NFPA 491, Guide to Hazardous Chemical Reactions, 1997 Edition, or call the
American Chemical Society's Health and Safety Referral Service (1-800-227-5558).
This ACS service keeps records of chemical accidents and incompatibility incidents
that have been reported in Chemical and Engineering News.

F.1 Containment to Prevent Hazards
Use the right container for the job to keep your chemicals safe. Use secondary
containment whenever possible. Follow these general guidelines for safe
containment of laboratory chemicals:

Do not store
hydrofluoric acid in
a glass container.

 Use containers that are compatible with their contents. The chemical should not
react with the container material or cap liner. For example, do not store
hydrofluoric acid in a glass container. Whenever possible, store chemicals in their
original containers; transfer chemicals only to containers made of like materials.
 Buy smaller quantities. Chapter 6 of this Guide discusses waste minimization.
Smaller quantities make safe storage easier, and simultaneously encourages waste
minimization. Additionally, smaller bottles are less prone to break when accidentally
dropped.
 Use safety cans for storage of flammable liquids. Fire codes allow only 38 liters (10
gallons) of flammable liquids in a lab if stored in conventional containers. But, if
stored in UL-approved safety cans or a flammable liquid storage cabinet, up to 76
liters (20 gallons) may be stored in a single fire area (i.e., a fire area may be more
than one lab rooms; ask your building manager or call Safety for an evaluation).
 Whenever possible, purchase materials in coated bottles.
 Make sure that all containers are properly labeled.
 Inspect your chemical stocks periodically to make sure the containers are sound
and labels are intact.
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Some chemicals require special devices such as vent caps for alleviating pressure
buildup. Dibenzoyl peroxide, for example, requires a container that is non-rigid to
prevent shock transfer, has a non-threaded cap to prevent friction when opening and is
resistant to static electricity buildup; all of these precautions may help to prevent an
explosion.
Choose Safer Containers to Reduce Breakage
Buy chemicals in plastic-coated bottles. These are coated with a thin layer of
polymer to help absorb shock, prevent breakage and act as a secondary
container in the event the bottle is broken. The safest container is a ULapproved safety can. The least safe is an uncoated glass container. It will shatter
if dropped on the floor or if lightly tapped where there is a crack.
Secondary
containment means
using a second,
outer container to
collect and contain
spills or leaks from a
primary chemical
container.
Secondary
containment can be
a plastic tray, a
bottle carrier or a
wide-mouthed jar
containing a smaller
bottle.

Safest

→

→

→

Least Safe

Safety
Cans

Metal
Cans

Coated
Glass

Plastic

Glass

Secondary Containment. For liquid and high hazard chemicals, secondary
containers are effective tools to prevent reactions between incompatible chemicals.
When storing reactive materials, secondary containment can prevent degradation and
reactions that occur during storage (i.e., use a wide-mouthed jar to protect smaller
bottles). For transporting bottles in hallways, place them in a specially- designed carrier
or a five-gallon plastic bucket to prevent spills. It is best to use secondary containers
made of materials that are non-reactive, e.g. polyethylene.

F.2 Safe Chemical Storage
Incompatibility of stored chemicals is a serious concern in the event of an accident,
container breakage, a spill, a tornado or a fire. When responding to a laboratory fire
with bulky equipment in a smoke filled area, firefighters may unintentionally break
containers of chemicals. To minimize such risks, limit the amounts of chemicals on
your benchtop to the minimum required for the day's work and safely store the
remainder as described below. Also see the Chemical Storage and Management section
of Chapter 4 for more information.

F.2.a Designate Cabinets / Areas for High Hazard Chemicals
Follow the specific storage requirements for flammable liquids and strong acids
listed below.
Glacial acetic acid
is an unusual case
due to its
flammability. Keep
glacial acetic acid
in a fire safe
cabinet to protect it
in a fire, but place
the bottle within
secondary
containment to
separate it from
other flammable
liquids.

Flammable Liquids
Large volumes of flammable liquids, more than ten gallons per 100 square feet of
floor space, must be stored in an approved flammable liquid cabinet or safety can.
Store containers of flammable liquids in these cabinets. Refer to Chapter 4 of this
Guide for more information on flammable liquid storage cabinets.
Acid Cabinets
Bottles of acid should be stored in an acid cabinet. While acids and bases are both
considered to be corrosive, do not store acids and bases in the same cabinet. It is
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particularly important to avoid storing ammonium hydroxide and strong
mineral acids in the same cabinet.
Store oxidizing acids, such as perchloric and nitric, separately in a secondary
container within an acid cabinet. Polypropylene boxes for use in acid cabinets are
available commercially. Glacial acetic acid is both corrosive and flammable; store it in
secondary containment in a flammable storage cabinet.
A good guide to storage of strong, liquid acids is based upon its chemical
classification. For this consideration, acids that are relatively weak (i.e., plCa > 2.3),
dilute aqueous or non-volatile solids are not of concern. The classification is based
upon one of 9 categories the acid fall within.
Oxidizing
Non-oxidizing,
non-reducing
Reducing or organic

Ox
NRedOx

crossed with

Red

Water reactive
Non-water reactive,
non-aqueous
Aqueous

WR
NAqWR
Aq

Examples of acids and their resulting category are in the table, below.
Acid Categories
Ox - WR

Chromyl chloride

Nitric acid 100%

Perchloric acid 100%

Bromine pentafluoride

Chromic - sulfuric acid mixture

Ox - NAqWR

Ox - Aq

Nitric acid 67%

Perchloric acid 72%
 Chromic acid
(Chromerge solution)

NRedOx - WR
 Sulfuric acid
 Fuming sulfuric
 Chlorosulfonic acid
 Sulfuryl chloride
 Fluorosulfonic acid
 Phosphorus oxychloride
 Trifluoroacetic anhydride or chloride
 Trifluoromethanesulfonic anhydride or
chloride
 Boron tribromide
 Silicon tetrachloride
 Titanium tetrachloride
 Antimony pentafluoride
 Vanadium tetrachloride

NRedOx - NAqWR

Phosphoric acid
85%

Fluoboric
 Trifluoromethanesul
fonic acid

Trifluoroacetic
acid

Hydrofluoric
100%

NRedOx - Aq

Hydrofluoric acid
50%

Hydrochloric acid
36%

Hydrobromic acid
48%
 Trichloroacetic acid
solution 30%

Fluoboric acid 50%

Red - WR
 Acetyl chloride
 Chloroformate esters
 Oxaly1 chloride
 Methyl fluorosulfonate
 Diethylaminosulfurtrifluoride (DAST)
 Thionyl chloride
 Phosphorus
trichloride

Red - NAqWR
 Dichloroacetic acid

Red - Aq

Hydroiodic acid

Sulfurous acid
(saturated)

Hypophosphorus
50%
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Once an acid has been classified into one of the nine categories, then storage can be
done with these considerations:
 NRedOx is generally compatible with Red and Ox; NAqWR is compatible with
Aq and WR.
 Generally, Red versus Ox is a worse incompatibility than Aq versus WR
 Organic acids like formic, acetic, lactic, pytuvic, acetic anhydride and
dichloroacetic acid are best placed with the organic solvents.
 Chloroformates and acetyl chloride, even though they're flammable, are best with
the Red - WR group
F.2.b Spatial Considerations for Safe Storage
Incompatibility risks can also be minimized by considering the configuration of your
storage area and the proximity of incompatible substances. Follow the guidelines below.
Most laboratories
should have:
 A flammable
cabinet
 An acid cabinet
 Liquids on lower
shelves within
trays

Binary mixture
compatibility
applies to:
 preventing violent
reactions in your
lab work
 packaging
chemicals for
transport
 pouring a variety
of solvents into
waste solvent
collection
 carboys

Storage of Liquids
Do not store bottles of liquids above your containers of solids, and never above eye
level. Keep your bottles of liquids stored close to the floor to lessen the chance of
breakage and prevent them from reacting with chemicals on lower shelves. This will
also prevent injuries to laboratory personnel from liquids leaking at eye level.
Compatibility Considerations for Open Stock
Keep stored incompatible chemicals apart from each another. Keep dissimilar
materials apart by distance, shelf, shelving unit, drawer, or cabinet.
By using flammable and acid cabinets, and following the containment guidelines
listed above, you will eliminate from your laboratory many of the compatibility risks
associated with chemical storage.

F.3 Preventing Binary Mixture Hazards
Accidental mixing of chemicals may result in a vigorous and hazardous chemical
reaction. Generation of toxic gases, heat, overflow or rupturing of containers, fire, and
even explosions are possible consequences of such reactions. These reactions may be
immediate or they might take some time or outside help to gain momentum. However,
these violent reactions will occur only if the chemicals are mixed together, not when the
incompatible materials are merely present in the same room at the same time. Although
binary mixture compatibility is not always applicable to storage of chemicals, it must be
taken into account when packaging chemicals for transport and especially when pouring
a variety of solvents into carboys. An improperly packaged box of chemicals could turn
into a bonfire or emit toxic gas if the box falls, the bottles break and incompatible
chemicals mix.
The chemical compatibility lists in this Appendix are derived in part from
Bretherick's Handbook of Reactive Chemical Hazards, and shows chemical
combinations that can be dangerous. You should have special concern for:





Toxic or explosive generation of gas.
Fire from oxidizers meeting combustibles.
Explosive liquids formed in accidental mixing.
Heat of reaction causing boiling and/or splattering of hazardous substances.
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A graduate student
sitting at a lab
computer was
surprised by a
chemical waste
bottle which burst
and sprayed nitric
acid and glass
shards. About 2L of
nitric acid waste
had been
accumulated in a
chemical waste
bottle which
originally held
methanol. Over a
12 - 16 hr. period,
some residual
methanol reacted
with the nitric acid
and created
enough CO2 to
overpressure
the container.

Accidents can result from incompatible chemical combination whether planned or
unintended. Binary mixing hazards are prevented by laboratory:
 supervisors establishing standard operating procedures for chemical work.
 personnel being aware of the specific mixing hazards commonly found in their
experiments.
This section also discusses some of the more common incompatible laboratory
chemical risks: strong oxidizer-reducer combinations, mixtures that generate toxic
gases, and water or moist air incompatibilities.

F.4 Safe Procedures for Chemical Work
One of the best ways to minimize the chance of chemical mixture hazards is to have
good chemical safety procedures in place. These include:
 having a written Chemical Hygiene Plan that takes into account the specific
hazards of your laboratory (See Appendix B and Appendix C).
 laboratory supervisors routinely observing hazardous processes and periodically
reviewing and updating procedures.
 laboratory supervisors providing the correct protective equipment and making
sure it is used correctly (See Chapter 4).
 having Material Safety Data Sheets (MSDSs) available for the chemicals that are
used in your laboratory and consulting them for incompatibilities.
Chapter 4 of this Guide provides information on general laboratory safety.

F.5 Strong Oxidizer-Reducer Incompatibilities
The combination of a strong oxidizer and a reducer can result in a violent reaction.
Take extra care to avoid accidental combination of oxidizers and reducers. By
segregating oxidizers and reducers, you will further reduce the problems involved
with storage of oxidizing chemicals.
Oxidizers
 Acidic
 Fluorine
 Chlorine
 Ozone
 Nitrogen dioxide
 Tetranitromethane
 Dichlorocyanuric acid and salts
Trichlorocyanuric acid
 Hydrogen peroxide
 Chromium trioxide
 Chromyl chloride
 Ruthenium tetroxide
 Bromine pentafluoride
 Xenon difluoride
 Perchloric acid anhydrous
 Bismuth pentafluoride

Reducers


















Pyrophoric

Phosphorus, white
Sodium-potassium alloy
Rubidium and cesium
High surface area titanium, zirconium,
hafnium, iron, nickel (as Raney Nickel)
Boranes, up to penta
Aluminum Hydride
Silanes
Phosphine
Diphosphine
Alkyl boranes
Alkyl aluminums
Alkyl galliums
Alkyl phosphines
Alkyl arsines
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 Basic and non-basic anions
 Peroxide
 Superoxide (Dioxide)
 Perborate
 Percarbonate
 Nitrite
 Nitrate
 Peroxydisulfate
 Persulfate
 Hypochlorite
 Chlorite
 Chlorate
 Perchlorate
 Bromate
 Iodate
 Periodate
 Xenate
 Bismuthate
 Chromate
 Dichromate
 Permanganate
 Ammonium salts (relatively stable)
 Nitrate
 Perchlorate
 Peroxydisulfate
 Chromate
 Dichromate
 Oxides
 Manganese(IV)
 Nickel(III)
 Silver(II)
 Gold(III)
 Lead(IV)
 Bismuth(IV)
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Alkyl zincs
Alkyl and aryl alkalines and alkaline earths
Vanadium hexacarbonyl, Iron pentacarbonyl
Titanium(II), Zirconium(II), Vanadium(II),
Molybdenium(III) oxides and salts

 Air and water reactive
 Alkaline and alkaline earth metals, their hydrides,
alkyls, aryls, carbides, acetylides, amides, phosphides
 Tetrahydridoaluminates
 Aluminum carbide, nitride and phosphide
 High surface area magnesium, aluminum, iron, zinc,
rare earths, lanthanides and actinides

Water stable (not as much air resistant)
 Titanium(III), vanadium(III), Chromium(II),
Iron(II), Cerium(III), Tin(II) salts
 Borohydrides, hypoborates
 Oxalates, formates, carbon monoxide
 Formaldehyde, carbohydrates, alcohols
 Hydroquinone, ascorbic acid
 Hydroxylamine, hydrazine, ammonia
 Hypophosphites, phosphites, hydrosulfites
(dithionites), sulfites, sulfides, thiosulfates
 Cyanides, thioeyanates
 Iodides
 Organic compounds (other than already listed)
 Must have at least one: Carbon to carbon bond,
Carbon to hydrogen bond or Carbon to nitrogen to
hydrogen bond set
 Can otherwise have a carbon bond to silicon, tin, lead
germanium, mercury, nitrogen, chalcogen or halogen
 Organometallic and transition metal carbonyls
 Hexacarbonyl chromium, molybdenum and tungsten
 Metallocenes - dicyclopentadienyliron
 Triphenylphosphino metals tetrakis(triphenylphosphino)palladium
 Infinite variety on these themes


Non-metallic elements
 Hydrogen
 Boron
 Silicon
 Arsenic

 Carbon

 Phosphorous, red  Sulfur
 Antimony
 Tellurium

 and, additionally, these metals
 The “early” transition metals (Groups 3-7)

Cobalt 
Nicke 
Cadmium
l
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Lead

F.6 Toxic Gas Generation
Certain compounds when mixed, as in a spill or breakage of containers in a package,
may react to produce toxic gases. This danger is present when at least one component is
a liquid or a dissolved solid, usually as an aqueous solution. This toxic gas can be
produced from either acid or base incompatibility.
Acid Incompatibilities
Solid .... mixed with
Azide salts, soluble
Bromide salts, soluble
Bromate salts

Liquid .... produces
Concentrated acid
Sulfuric acid > 95%
Strong, conc. acid

Chloride salts, soluble
Chlorate or chlorite salts

Sulfuric acid > 95%
Strong, conc. acid

Cyanide salts, soluble
Cyanometal salts (potas.ferricyanide)
Fluoride salts, soluble
Silica or silicate salts
Bleaching powder (CaC1(0C1))
Acid
Nitrite salts, soluble
Sulfide salts, soluble
Sulfide, transition metal
Sulfite salts, soluble
Manganese dioxide
Permanganate salt
Cobaltic oxide
Nickel sesquoxide
Lead dioxide
Ceric oxide
Hydrogen peroxide

Any acid
Strong, conc. acid
Strong, conc. acid
Hydrofluoric acid
Acid
Chlorox solution
Concentrated acid
Acid
Strong acid
Acid

Hydrochloric acid,
concentrated

Gas
Hydrazoic acid vapor
Sulfur dioxide and bromine
Bromine, oxygen,
hydrogen bromide and heat
Hydrogen chloride
Oxygen, hydrogen chloride
and heat
Hydrogen cyanide
Hydrogen cyanide
Hydrogen fluoride
Silicon tetrafluoride
Chlorine
Chlorine
Nitrogen oxides
Hydrogen sulfide
Hydrogen sulfide
Sulfur Dioxide

Chlorine

There are some fine points to note when reviewing this table:
 Where the word "Acid" is listed as the incompatible liquid, aqueous solutions of
these salts can slowly liberate the product gases from reaction with carbon dioxide
that is normally in the air.
 Bromate, chlorate, chlorite, permanganate and nitrite salts made acidic with
concentrated sulfuric acid may ignite or explode. Also, these salts, if intimately
mixed with ammonium salts, may ignite or explode.
 Concentrated nitric acid used to clean metal residues or to reduce material from
glass or ceramic surface will first be reduced to nitrous acid, which then
decomposes to nitrogen oxides producing a brown or orange vapor that is often
observed from the process.
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 Chlorine bleach is made by reacting chlorine with a base solution; it produces a
hypochlorite - chloride mixture which is stable as a base solution or salt mixture.
Adding acid, even carbon dioxide will regenerate the chlorine.
 Hydrofluoric acid or materials that on contact with moisture produce hydrofluoric
acid will react with silica in glass to form silicon tetrafluoride. If there is excess
moisture in a container, this gas production can pressurize a sealed container and
cause it to burst.
 Concentrated sulfuric acid appears to oxidize bromide to bromine. What seems to
drive this reaction is that sulfuric acid wants water and will take it from the
sulfurous acid that is produced in a weak equilibrium of bromide reduction of
sulfate. This leaves the sulfur dioxide stranded with bromine. Concentrated
sulfuric acid also will "char" cellulose and sugars by simply removing water and
leaving the carbon molecules behind.
Base Incompatibilities
Solid .... mixed with
Ammonium Salts
N-methyl-N-nitrosamides (Diazald)

Liquid .... produces
Concentrated base solution
Base solution

Gas
Ammonia
Diazomethane

F.7 Water or Moist Air Incompatibilities
Some common laboratory chemicals have a great affinity for or react vigorously
with water. It is important to understand situations in which water reactivity may
occur and take care not to store or use these chemicals in damp areas.
The first step in understanding water reactivity is to note that there are a variety
of ways in which water reacts with chemicals and a variety of outcomes; some are
hazardous, some are annoying and others are desired.
Reactions include:
 Hydrolysis of a bond
 Hydration, water as a ligand
 Solution by water, dissociation of ions or
solvation
 Oxidation by water, forming hydrogen
 Reduction by water, forming oxygen
 Disproportionation of an oxidation state to (a)
higher and lower one(s)


Heat of reaction generated
 Hydrolysis liberates a gas

Hydrolysis generates acid
protons

Hydration liquifies a solid

Hydrogen is generated

Oxygen is generated

Factors affecting the outcome can be kinetic
and thermodynamic:
 Heat of reaction relative to the heat capacity of
what is involved
 Rate of interaction or mixing with water
 Rate of reaction with water once mixed

The specific type water interaction is also
important:
 Limited water is added to material
 Material is added to water that is in excess
 Humidity in air invades a container or
exposed material

Possible outcomes include:
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The heat generated by the reaction relative to the capacity of the solution to absorb
that heat will determine the maximum temperature that a possible reaction can attain.
Since this section is primarily concerned with water reactivity, the heat of
vaporization of the water is an important factor. The heat generation rate and the

vaporization rate interact to determine how an interaction will play out. Some
factors that can limit the rate of access to water include:
 the fineness of a solid,
 viscosity of a liquid,
 density relative to water and
 solubility in water, its rate and maximum.
The water-material ratio is a key factor. Conditions which affect this ratio (e.g., if a
powder flie away, a liquid readily evaporates from the reaction heat, etc.), will limit the
rate of reaction.
Thus, in a reaction that produces a great amount of heat, if the rate of water reaction
is fast but the rate of interaction among the materials is limited by physical factors (e.g.,
small diameter, tall column), not solubility, then high temperatures and splattering can
result because heat is being generated in only a small amount of the material in the
container. If the solubility rate (and / or extent of solubility itself) is temperature
dependent, a non homogeneous mixture can at first slowly build heat and increase
temperature so that it may react suddenly and energetically later.
This exact situation is seen in the neutralization of acids with sodium hydroxide
pellets. In the case of both sulfuric acid and sodium hydroxide pellets, the heat of
hydration is fairly high but the rate of solution is limited by the acid's viscosity and the
pellets surface area. When these are slowly added TO water, constantly stirring the
mixture, heat is dissipated evenly. However, if water is added to THEM slowly, it can
boil and splatter the material.
Another water reactivity issue involves storage of potentially reactive compounds in
sealed containers. Humidity in air may invade a confined bulk of a water reactive
substance. The humidity can react and heat can build at a rate limited only by the air
intrusion. Another interesting situation that is commonly seen involves a material
in an almost air tight container. Air and humidity invades the container. The heat and
rates of reaction may be low, but a gas that is otherwise not trapped, dissolved or
absorbed by the material is produced on hydration. While small molecules like air and
water vapor can readily diffuse into the container, the larger gas molecules produced in
the reaction (e.g., hydrogen chloride, carbon dioxide, etc.) diffuse out at a much slower
rate. The result is that pressure builds in the container.
Chemicals that have a high heat of hydrolysis and reasonable rates of interaction
and reaction and produce a flammable gas like hydrogen, methane or acetylene can
ignite on contact with water because the heat produces a locally high temperature that
ignites the gas.
 Active metals, their hydrides and carbides or acetylides will do this.
 Active metal phosphides need only a moderate rate of interaction and hydrolysis to
ignite with water as the phosphine and diphosphine produced will ignite without
much heat.
 Active metal sulfides are less prone to this because hydrogen sulfide is more
water soluble than phosphine. A high heat of hydrolysis and limited water
addition may cause ignition though.
 Soluble cyanide and sulfide salts can be a toxic hazard when humidity and the
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ubiquitous, low level, carbon dioxide in air combine to hydrolyse and liberate
hydrogen cyanide and hydrogen sulfide, slowly but possibly significantly, due to
mild carbonic acid action.


Additionally, bleach, which is a mixture of hypochlorite and chloride ions, will
produce chlorine on this same combination in air contact.
Aqueous solutions of the latter three examples all are susceptible to loss due to
carbon dioxide contact.
While disproportionation aided by water is not common, it is worth mentioning.
Potassium osmate (K20SO4) can decompose to osmium dioxide and osmium
tetroxide in mildly acidic water; the dioxide is insoluble and the tetraoxide is volatile.
A manganate salt, Mnar, a green colored aqueous solution will become
permanganate, purple solution and precipitate manganese dioxide; no hazard really.
Ammonium thiosulfate, photo fixer, slowly becomes sulfur and ammonium sulfite,
which decomposes to sulfur dioxide. Vanadium tetrachloride, on somewhat violent
hydrolysis in water, will become vanadium oxychloride and vanadium trichloride,
both of which further hydrolyse.
Some salts are deliquescent and will take on water beyond a few water molecules
of hydration; they can take water to the extent of overflowing a container if moist air
can seep in. A hazard can arise from a material becoming mobile as a water solution
spilled on a storage shelf.
Water Reactions





















Immediate Violent Reaction with Water
Boron tribromide
Dichlorophenylboronate
Trifluoroacetic anhydride
Oxalyl chloride
(chloromethylene)dimethyliminium chloride
(Vilsmeier Reagent)
Sodium oxide
Magnesium chloride anhydrous Aluminum chloride anhydrous
Silicon tetrachloride
Phosphorus trichloride
Phosphorus pentachloride 1,2phenylene phosphochloridite
Phosphorus pentaoxide
Trifluoromethanesulfonic anhydride
Methyl fluorosulfonate
Fuming sulfuric acid
Sulfur trioxide
Chlorosulfonic acid
Chlorosulfonyl isocyanate
Diethylaminosulfurtrifluoride (DAST)
Thionyl chloride

 Titanium tetrachloride


High Heat of Hydrolysis but Slow
Solubility
 Acetyl chloride

 Decomposed by Water, not Necessarily
Reactive
 Lithium
 Magnesium (fine)
 Calcium
 Strontium
 Barium
 Aluminum (fine)
 Beryllium hydride, Calcium hydride
 Phenyl aluminum, Phenyl zinc
 Carbides of 2A
 Aluminum carbide
 Aluminum nitride
 Lithium amide


Pressure Buildup in Container from
Humidity Intrusion
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Chloroformate esters
Chloroacetone
Aluminum chloride anhydrous
Cyanogen bromide
Dichlorodimethylsilane
Oxalyl chloride
Trimethyloxonium hexafluorophosphate
Methanesulfonyl chloride
Phosphoryl chloride
Sulfuryl chloride

 Ignites in Air if made Moist or Wet
 Sodium, Potassium, Rubidium, Cesium
 Calcium, Strontium (powders)
 Hydrides of 1 A, Magnesium hydride, Barium
hydride
 Lithium Aluminum Hydride, Aluminum
borohydride
 Alkyls of 1A, 2A, 3A (13) metals, Zinc and
Cadmium
 Phenyls of 1A, 2A metals
 Carbides or acetylides of IA metals
 Calcium carbide (phosphide traces)
 Sodium amide
 Nitrides of 1A
 Calcium nitride (powder)
 Phosphides of I A, 2A metals, Zinc

 Diethyl pyrocarbonate
 Phenyl isocyanates
 Beryllium carbide

















Pressure buildup without Humidity
Diisopropyl fluorophosphate in glass
Pyruvic acid
Formic acid
Iron and Nickel carbonyls
Nitrite esters
Trichloroacetic acid aqueous solutions (<
30%)
MEK peroxide in dimethyl phthalate
Ammonium peroxydisulfate
Hydrogen peroxide
AIBN (azobis(isobutyronitrile))
Hydrogen chloride in methanol (anhydrous)
Diphosgene (trichloromethyl chloroformate)
Triphosgene (trichloromethyl carbonate)
Used chromic acid cleaning solutions

 Observations of Deliquescence
Overflowing a Container
 Antimony trichloride
 Ferric perchlorate
 Mercuric nitrate
 Zinc chloride
 Sodium sulfide nonahydrate
 Trichloroacetic acid
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Appendix G
Training For Laboratory Personnel
The OSHA Laboratory Standard (Appendix B) requires that laboratory workers be trained. This Appendix
outlines a training program based on reading sections and answering review questions at the end of the
chapter, understanding the laboratory's Chemical Hygiene Plan and reading Material Safety Data Sheets for
the chemicals that will be used. Supplemental training can be provided on the job, by videos or other
readings on chemical safety or by attending the Safety Department's "Working Safely with Chemicals."
OSHA requires that training be documented to demonstrate compliance. A training documentation form is
provided at the end of Appendix C, Chemical Hygiene Plan.

G.1 New Laboratory Personnel
Read these sections of the Guide and complete the corresponding review questions:
Part and Section
Chapter 1: Your Safety Network
Chapter 2: Understanding Chemical Hazards
2.1 Physical Hazards of Chemicals
2.2 Health Hazards of Chemicals
2.3 Sources of Chemical Safety Information
2.4 Toxicology Overview
Annex 2-2. Quick to Hazardous Chemical Risk Assessment
Chapter 4: Laboratory Safety Procedures
4.1 Overview of Safety Procedures
'
4.2 Chemical Storage and Management
4.3 Personal Protective Equipment
4.4 Reducing Your Exposure to Chemicals
4.5 Chemicals Requiring Special Precautions
4.6 Laboratory Equipment Hazards
Chapter 5: Emergency Procedures
5.1 In an Emergency -- Notify
5.2 Prepare for Emergencies
5.3 Major (i.e., High Hazard) Emergencies
5.4 Skin Contamination and Injuries
5.5 Small or Simple Spills
5.6 Hydrofluoric Acid (HF) Spills
5.7 Mercury Spills
Annex 5-1. Chemical Spill Cleanup Procedures / Supplies
Chapter 7: Chemical Disposal Procedures
Chapter 8: Laboratory Animals and Animal Tissue Disposal
Chapter 9: Bloodborne Pathogens, Sharps and Medical Waste
Appendix C: Chemical Hygiene Plan

Read Pages
Scan
7 - 15
15 - 24
24 - 30
30 - 36
46 -49
All
75 - 80
80- 86
86 - 90
90 - 95
95 - 106
106 - 118
All
Scan 125 - 127
127 - 130
130 - 132
132 - 134
134 - 136
136
136 - 137
140
Scan
Scan, if appropriate
Scan, if appropriate
Review, your labs

Laboratory personnel must also review and understand their laboratory's Chemical Hygiene Plan and review
MSDSs for all of the chemicals that they will be using. Talk to your Chemical Hygiene Officer for details.
Appendix C explains Chemical Hygiene Plan contents in detail. In addition, if the laboratory works with
animal tissue, review Chapter 8, Laboratory Animals and Animal Tissue Disposal. Review other chapters
as appropriate.
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G.2 Persons Working with Particularly Hazardous Substances
Workers should refer to Appendix D, Particularly Hazardous Substances to determine whether they will be
working with particularly hazardous substances (carcinogens, reproductive toxins and compounds with a high
degree of toxicity). Besides the requirements listed above, read the following parts of the Guide with a view
to applying the information to your specific project:
Part and Section
Chapter 2. Chemical Hazards in Laboratories
2.4 Toxicology Overview
Annex 2-2. Quick to Hazardous Chemical Risk Assessment
Chapter 4. Laboratory Safety Procedures
4.5 Chemicals Requiring Special Precautions
Appendix D. Particularly Hazardous Substances

Read
Pages
30- 36
46 - 49
95 - 106
All

Also, review the laboratory's Chemical Hygiene Plan and MSDSs for all the chemicals that will be used.
Talk to your Chemical Hygiene Officer for details, review the lab's Particularly Hazardous Substance Use
Approval Form for the hazards you will be using.

G.3 Principle Investigators, Supervisors and Laboratory Managers
Principal investigators, laboratory directors, supervisors and managers should be more informed about
chemical safety at the University of Wisconsin than their personnel. Review all sections of the Laboratory
Safety Guide that your workers read so you can provide guidance or assistance, as appropriate:
Additionally, review the following appendices so you will have a better understanding of your
responsibilities.
 Appendix B: OSHA Laboratory Standard
 Appendix C: Chemical Hygiene Plan
 Appendix D: Particularly Hazardous Substances
 Appendix F: Preventing Chemical Incompatibility
 Appendix H: EPA's Hazardous Waste Law
 Appendix I: Miscellaneous Anecdotal Information

G.4 Chemical Hygiene Officers
Chemical Hygiene Officers should be knowledgeable about chemicals and chemical hazards. Additionally,
because they will be reviewing protocols, they should be aware of requirements for Particularly Hazardous
Substances. Review the Laboratory Safety Guide and pay particular attention to the following appendices:
 Appendix B: OSHA Laboratory Standard
 Appendix C: Chemical Hygiene Plan
 Appendix D: Particularly Hazardous Substances
 Appendix E: Laboratory Safety Survey
 Appendix F: Preventing Chemical Incompatibility
 Appendix H: EPA's Hazardous Waste Law
 Appendix I: Miscellaneous Anecdotal Information
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Appendix H
EPA Hazardous Waste Law

EPA defines
hazardous waste as
hazardous chemical
waste; radioactive,
infectious and
biohazardous waste
are regulated by
other agencies.

If a waste can be
defined as:

ignitable

corrosive

reactive or

it fails the
TCLP then it is an
EPA hazardous
waste.

Corrosive
chemicals include
hydrochloric acid
and ammonium
hydroxide.

Ignitable chemicals
include: acetone,
white phosphorus
and benzoyl
peroxide.

This Appendix is intended to give you background information on hazardous waste
laws and how they apply to you. For most U.S. Environmental Protection Agency
(EPA) requirements that apply to the University, the Safety Department maintains
compliance through internal inspections, record keeping and proper disposal. In
Wisconsin, the Department of Natural Resources (DNR) has adopted the EPA
regulations, consequently EPA and DNR regulations are nearly identical.
This Appendix only deals with "hazardous waste" as defined by the EPA. Legally,
EPA defines hazardous waste as certain hazardous chemical waste. This Appendix does
not address other types of regulated laboratory wastes, such as infectious, biological,
radioactive or sharps. Chapter 8 describes disposal procedures for animals. Chapter 9
describes disposal procedures for sharps and other waste that can puncture tissue.
Chapter 11 discusses Radiation and the Radiation Safety for Radiation Workers
provides guidelines for the disposal of radioactive waste. Procedures for medical waste
are written by the UVV Hospital Safety Officer. The Office of Biological Safety can
provide guidance for the disposal of infectious and biological waste.
EPA regulations focus on industrial waste streams. As a result, many laboratory
chemical wastes are not regulated by EPA as hazardous chemical waste. However,
many unregulated chemical wastes do merit special handling and disposal procedures.
Thus, Chapter 7 and Appendix A of this Guide recommend disposal procedures for
many unregulated wastes as if they were EPA hazardous waste.

H.1 What is an EPA Hazardous Waste?
EPA hazardous wastes consist of chemical wastes that exhibit the characteristic of
corrosivity, ignitability or reactivity or fail the toxicity characteristic leaching
procedure (TCLP), which is described below or are listed by EPA as hazardous
waste (see Annex H-1 for a list).
 Corrosivity-- waste is considered to be corrosive if it is:
1. aqueous and has a pH less than or equal to 2 (acid) or greater than or equal to
12.5 (base); or
2. a liquid and corrodes steel (SAE 1020) at a rate greater than 6.35 mm (0.250
inch) per year at a test temperature of 55 °C (130 °F).
 Ignitability -- waste is considered to be ignitable if it is:
1. a liquid, other than an aqueous solution containing less than 24% alcohol by
volume and has a flash point less than 60 °C (140 °F);
2. not a liquid and is capable, under standard temperature and pressure, of
causing fire through friction, absorption of moisture or spontaneous chemical
changes and, when ignited, burns so vigorously and persistently that it creates
a hazard;
3. an ignitable compressed gas; or
4. an oxidizer.


Reactivity -- waste is considered to be reactive if it:
1. is normally unstable and readily undergoes violent change without detonating;
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Reactive chemicals
include: lithium
metal, sodium
polysulfide,
trinitrotoluene and
nitroglycerine.

The multi-step TCLP
procedure involves
extraction, filtration
and, in the case of
some organic
analysis, a second
extraction before
analysis.
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2. reacts violently with water;
3. forms potentially explosive mixtures with water;
4. generates toxic gases, vapors or fumes, when mixed with water, in a quantity
sufficient to present a danger to human health or the environment;
5. is a cyanide or sulfide bearing waste, which, when exposed to pH conditions
between 2 and 12.5, can generate toxic gases, vapors or fumes in a quantity
sufficient to endanger human health or the environment;
6. is capable of detonation or explosive reaction if it is subjected to a strong
initiating source or if heated under confinement;
7. is readily capable of detonation or explosive decomposition at standard
pressure and temperature; or
8. is a DOT Class A, Class B or forbidden explosive.
 Fails the Toxicity Characteristic Leaching Procedure (TCLP). EPA hazardous
waste includes any waste that fails the Toxicity Characteristic Leaching Procedure
(40 CFR 261). This procedure simulates the ability of a compound to leach out of a
landfill and enter into groundwater. Waste materials contaminated with these
chemicals are regulated as EPA hazardous wastes:

Arsenic
Barium
Benzene
Cadmium
Carbon Tetrachloride
Chlordane
Chlorobenzene
Chloroform
Chromium
M-Cresol

Toxicity Characteristic Chemicals
o-Cresol
Hexachlorobenzene
p-Cresol
Hexachlorobutadiene
Cresol, total
Hexachloroethane
2,4-D
Lead
1,4-Dichlorobenzene Lindane
1,2-Dichloroethane
Mercury
1,1-Dichloroethylene Methoxychlor
2,4-Dinitrotoluene
Methyl Ethyl Ketone
Endrin
Nitrobenzene
Heptachlor
Pentachlorophenol

Pyridine
Selenium
Silver
Tetrachloroethylene
Toxaphene
Trichloroethylene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4,5-TP Silvex
Vinyl Chloride

Practical Applications of TCLP: Testing a waste material to see if it exhibits the
characteristic of toxicity can be very expensive. If a waste contains a toxicity characteristic
chemical, and it is a small volume, we assume that it is an EPA hazardous waste. If you
generate large volumes of waste containing toxicity characteristic chemicals, call the Safety
Department. We will have the material analyzed to determine if it is an EPA hazardous waste
exhibiting the characteristic of toxicity.

Generation is the
term that is used to
describe the
process of making
waste. Because the
University makes
hazardous wastes,
it is considered to
be a hazardous
waste generator.

 Listed EPA Hazardous Wastes. EPA hazardous wastes also include hazardous
wastes from non-specific sources and discarded commercial chemical products that
are listed as acute hazardous wastes and toxic wastes. EPA lists these chemicals as
EPA hazardous waste because they are either toxic, reactive, ignitable or corrosive.
An alphabetical compilation of these lists is found in Annex H-1 to this Appendix.

H.2 Storage of EPA Hazardous Waste
The storage of EPA hazardous wastes should first adhere to the guidelines for safe
storage of chemicals, as discussed in Chapter 4 of this Guide.
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There are additional EPA requirements for accumulation of hazardous waste in
laboratories (otherwise known as satellite accumulation). All EPA hazardous waste
containers must:

There is no way to
make a hazardous
material
nonhazardous;
dilution is not the
solution.

 be clearly marked "Hazardous Waste".
 be stored close to where the waste is generated (i.e., can not be moved from one
lab into another room to await disposal).
 stored in a secure area that laboratory personnel have supervision and control
over (i.e., not in a hallway).
 be securely capped except when waste is being added. This will reduce the risk of
fire, your exposure to toxic chemicals, and spills in case the container is tipped. This
also reduces laboratory emissions and prevents the illegal disposal of waste by
evaporation.
 If a container holding hazardous waste begins to leak, the contents must be
immediately transferred to another container.

H.3 Waste versus Surplus Chemical
Please do not mark
a surplus chemical
as a "waste" unless
you are certain it is
not usable.

Many unwanted laboratory chemicals at the University are not really waste, but rather
they are chemicals surplus to the lab's needs but they may be of use by other labs. When
the Safety Department removes a chemical from your laboratory, we examine it to
determine if others on campus can use or reuse it. Reusable chemicals designated for
redistribution are then advertised to other campus laboratories for free delivery. Only if
no other laboratory wants the surplus chemical after being advertised for 3 years does a
surplus chemical become a waste. Therefore, do not mark a surplus chemical as a
"waste" unless you are certain it is not usable.
The one exception to the "surplus" rule is the waste organic solvents that you place
in the carboys provided by the Safety Department. Because these used organic solvents
are difficult to reuse, they are designated as waste when they are generated in your
laboratory. Al] Safety Department carboys have tags with the words "Hazardous
Waste."
On occasion, you may generate other wastes that cannot be reused. If so, please
call the Safety Department to determine:
 if the waste is regulated as an EPA hazardous waste and
 if additional requirements may apply for containing, storing and labeling.
Because of these considerations, in most laboratories, only carboys of waste organic
solvents must adhere to the EPA storage requirements.

H.4 Prohibited Disposal Methods

Toxic and ignitable
solvents must never
be intentionally
evaporated to
dispose of them.

According to Federal and State law, EPA hazardous waste must not be disposed of by
certain polluting methods. Dispose of chemicals by identifying the compound in
Appendix A and following the procedures in Chapter 7 of this Guide. Remember, EPA
hazardous wastes must not be disposed:
 in the normal trash, in the garbage or refuse nor in recycling bins, glass
receptacles, sharps containers or red bags.
 by evaporation.
 by dilution; if EPA hazardous wastes are diluted or combined with a
nonhazardous material, the resultant material is still regulated as an EPA
hazardous waste.
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Annex H-1. Listed EPA Hazardous Wastes
Acetaldehyde
Acetaldehyde, chloroAcetaldehyde, trichloroAcetamide, N-(aminothioxomethyl)Acetamide, N-(4-ethoxypheny1)Acetamide, 2-fluoroAcetamide, N-(91-1-fluoren-2-y1)Acetic acid, ethyl ester
Acetic acid, fluoro-, sodium salt
Acetic acid, lead(II) salt
Acetic acid, thallium(I) salt
Acetic acid, (2,4,5-trichlorophenoxy)Acetimidic acid, N-RmethylcarbamoyDoxy]thio-,
methyl ester
Acetone
Acetone cyanohydrin
Acetonitrile
3-(α-Acetonylbenzy1)-4-hydroxycoumarin and
salts
Acetophenone
2-Acetylaminofluorene
1-Acety1-2-thiourea
Acetyl chloride
Acetylene dichloride
Acrolein
Acrylamide
Acrylic acid
Acrylonitrile
Alanine, 3[p-bis(2-chloroethyl)aminolphenyl-, LAldicarb
Aldrin
Allyl alcohol
Aluminum phosphide
5-(Aminomethyl)-3-isoxazole
2-Amino-1 -methylbenzene
4-Amino-1 -methylbenzene
Amitrole
4-Aminopyridine
Ammonium picrate
Ammonium vanadate
Aniline
Argentate (1-), bis(cyano)-, potassium
Arsenic acid
Arsenic acid, dimethylArsenic (III) oxide
Arsenic (V) oxide

Arsenic pentoxide
Arsenic trioxide
Arsine
Arsonous dichloride, phenylAuramine
Azaserine
Aziridine
Aziridine, 2-methyl
Azirino[21,3':3,4]pyrrolo[1,2-a]indole-4,7-dione,
6-amino-8-[[(aminocarbonypoxy]methyl]1,1a,2,8,8a,8b-hexahydro-8a-methoxy-5-methyl[laS( laa,8b,8α,8α)]Barium cyanide
Benz[j]laceanthrylene, 1,2-dihydro-3-methylBenz[c]acridine
3,4-Benzacridine
Benzal chloride
Benz[a]anthracene
1,2-Benzanthracene
1,2-Benzanthracene, 7,12-dimethylBenzene
Benzeneacetic acid, 4-chloro-α-(4-chloropheny1)α-hydroxy, ethyl ester
Benzenamine
Benzenamine),
4,4'-carbonimidoylbis(N,N-dimethyl
Benzeneamine, 4-chloroBenzenamine, 4-chloro-2-methyl-, hydrochloride
Benzenamine, N,N-dimethy1-4-(phenylazo)Benzenamine, 2-methylBenzenamine), 4,4'-methylenebis(2-chloroBenzenamine, 2-methy1-5-nitroBenzenamine, 2-methyl-, hydrochloride
Benzenamine, 4-methylBenzeneamine, 4-nitroBenzene, 1-bromo-4-phenoxyBenzene, chloroBenzene, chloromethyl1,2-Benzenedicarboxylic acid anhydride
1,2-Benzenedicarboxylic acid,
bis(2-ethyl-hexyl)ester
1,2-Benzenedicarboxylic acid, dibutyl ester
1,2-Benzenedicarboxylic acid, diethyl ester
1,2-Benzenedicarboxylic acid, dimethyl ester
1,2-Benzenedicarboxylic acid, dioctyl ester
Benzene, 1,2-dichloro-

Benzene, 1,3-dichloro-
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Benzene, 1,4-dichloroBenzene, (dichloromethyl)Benzene, 1,3-diisocyanatomethylBenzene, dimethyl1,3-Benzenediol
1,2-Benzenediol,441-hydroxy-2-(methylamino)
ethyl]Benzene, hexachloroBenzene, hexahydroBenzene, hydroxyBenzene, methylBenzene, 1-methy1-2,4-dinitroBenzene, 1-methy1-2,6-dinitroBenzene, 1,2-methylenedioxy-4-allylBenzene, 1,2-methylenedioxy-4-propenylBenzene, 1,2-methylenedioxy-4-propylBenzene, (1-methylethyl)Benzene, nitroBenzene, pentachloroBenzene, pentachloronitroBenzenesulfonic acid chloride
Benzenesulfonyl chloride
Benzenethiol
Benzene, 1,3,5 trinitroBenzidine
1,2-Benzisothiazol-3(2H)-one-1,1-dioxide, and
salts
Benzo [j,k] fluorene
Benzoralpyrene
2H- 1 -Benzopyran-2-one,
4-hydroxy-3-(3-oxo-1-phenylbuty1)-, and salts
3,4-Benzopyrene
p-Benzoquinone
Benzotrichloride
1,2 Benzphenanthrene
Benzyl chloride
Beryllium
2,2’-Bioxirane
(1,1’-Biphenyl)-4,4'-diamine
(1,1’-Bipheny1)-4,4'-diamine, 3,3’-dichloro(1,1’-Bipheny1)-4,4'-diamine, 3,3'-dimethoxy(1,1'-Biphenyl)-4,4'-diamine, 3,3'-dimethylBis(2-chlorethoxy)methane
Bis(2-chloroethyl) ether
Bis(2-chloroisopropyl) ether
Bis(chloromethyl) ether
Bis(dimethylthiocarbomoyl) disulfide

Bis(2-ethylhexyl) phthalate
Black Leaf
Bladan
Bromine cyanide
Bromoacetone
Bromoform
Bromomethane
4-Bromophenyl phenyl ether
Brucine
Butadiene diepoxide
1,3-Butadiene, 1,1,2,3,4,4-hexachloro1-Butanamine, N-butyl-N-nitrosoButanoic acid,
4-[p-Bis(2-chloroethyDamino-pheny1]1 -Butanol
2-Butanone
2-Butanone, 3,3-dimethyl-1-(Methylthio)-,
O-(methylaminocarbonyl)oxime
2-Butanone peroxide
2-Butenal
2-Butene, 1,4-dichloroiso-Butyl alcohol
n-Butyl alcohol
2-(sec-Butyl)-4,6-dinitrophenol
Cacodylic acid
Calcium chromate
Calcium cyanide
Camphene, octachloroCarbamic acid, ethyl ester
Carbamic acid, N-methyl-N-nitroso-, ethyl ester
Carbamide, N-ethyl-N-nitrosoCarbamide, N-methyl-N-nitrosoCarbamide, thio
Carbamic chloride, dimethylCarbamimidoselenoic acid
Carbon bisulfide
Carbon disulfide
Carbon oxyfluoride
Carbon tetrachloride
Carbonic acid, dithallium(I) salt
Carbonochloridic acid, methyl ester
Carbonyl chloride
Chloral
Chlorambucil
Chlordane
Chlorinated fluorocarbons
Chlorine cyanide
Chlornaphazin
Chloroacetaldehyde
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p-Chloroaniline
Chlorobenzene
Chlorobenzilate
4-Chloro-m-cresol
1-Chloro-2,3-epoxypropane
4-(bis(2-Chloroethyl)amino)-L-phenylalanine
5-[bis(2-Chloroethyl)amino]-2,4-(1H,3H)-pyrimidi
inedione
5-fbis(2-chloroethypamino]uracil
2-Chloroethyl vinyl ether
Chloroform
Chloromethane
Chloromethyl ether
Chloromethyl methyl ether
2-(chloromethyl)oxirane
β-Ch1oronaphthalene
o-Chlorophenol
1-(o-Chlorophenyl)thiourea
3-Chloropropionitrile
3-Chloropropylene oxide
4-Chloro-o-toluidine, hydrochloride
Chromic acid, calcium salt
Chrysene
Compound 1080
Copper(I) cyanide
Creosote
Cresols
Cresylic acid
Crotonaldehyde
Cumene
Cumene hydroperoxide
Cyanides (soluble cyanide salts), n.o.s.
Cyanogen
Cyanogen bromide
Cyanogen chloride
2,5-Cyclohexadiene-1,4-dione
Cyclohexane
Cyclohexanone
1,3-Cyclopentadiene, 1,2,3,4,5,5-hexachloroCyclophosphamide
Cygon
2,4-D, salts and esters
Daunomycin
DDD
DDT
Decach orooctrahydro-1,3,4-metheno-2Hcyclobuta[c,dThentalen-2-one
DES
Demeton-S
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DFP
Diallate
Diamine
Diaminotoluene
O-Diazoacetyl-L-serine
Dibenz(a,h)anthracene
1,2:5,6 Dibenzanthracene
1,2:7,8-Dibenzopyrene
Dibenzo[aApyrene
1,2-Dibromo-3-chloropropane
1,2Dibromoethane
Dibromomethane
Dibutyl phthalate
S-(2,3-Dichloroallyl)diisopropylthiocarbamate
m-Dichlorobenzene
o-Dichlorobenzene
p-Dichlorobenzene
3,3'-Dichlorobenzidine
1,4-Dichloro-2-butene
Dichlorodifluoromethane
3,5-Dichloro-N-(1,1-dimethy1-2-propynyl)
benzamide
Dichloro diphenyl dichloroethane
Dichloro diphenyl trichloroethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethylene
1,2-Dichloroethylene
Dichloroethyl ether
Dichloroethyl formal
Dichloromethane
Dichloromethyl ether
2,4-Dichlorophenol
2,6-Dichlorophenol
2,4-Dichlorophenoxyacetic acid, salts and esters
Dichlorophenylarsine
1,2 Dichloropropane
1,3-Dichloropropene
Dieldrin
1,2:3,4 Diepoxybutane
Diethylarsine
1,4-Diethylene oxide
1,2-Diethylhydrazine
N,N'-Diethylhydrazine
O,O-Diethyl S-[2-(ethylthio)ethyl]
phosphorodithioate
O,O-Diethyl S-methyl dithiophosphate

O,O-Diethyl S-methyl phosphorodithiolate
2-Deoxy-2-(3-methyl-3-nitrosourido)-D-glucopyraDiethyl p-nitrophenyl phosphate
nose
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O,O-Diethyl O-(4-nitrophenyl) phosphorothiolate
Diethyl paroxon
Diethyl phthalate
O,O-Diethyl O-pyrazinyl phosphorthioate
a,a'-Diethyl-4,4'-stilbenediol
Diethylstilbestrol
1,2-Dihydro-3,6-pyradizinedione
Dihydrosafrole
1,3-Dihydroxybenzene
Diisopropyl fluorophosphate (DFP)
Dimethoate
2,7:3,6-Dimethanonaphth[2,3b]oxirane, octahydro,
(1aα,2β,2aα,3α,6α,6aβ,7β,7aα)
2,7:3,6-Dimethanonaphth[2,3b]oxirane, octahydro,
(1aα,2β,2aα,3β,6β,6aα,7β,7aα)
1,4:5,6-Dimethanonaphthalene,1,2,3,4,10,10-hexac
hloro-1,4,4a,5,8,8a-hexahydro,
(1aα,4α,4aβ,5β,8β,8aβ)1,4:5,8-Dimethanonaphthalene,1,2,3,4,10,10-hexac
hloro-1,4,4a,5,8,8a-hexahydro,
(1α,4α,4aβ,5α,8α,8aβ)3,3'-Dimethoxybenzidine
Dimethylamine
p-Dimethylaminoazobenzene
Dirnethylarsonic acid
7,12-Dimethylbenz[a]anthracene
3,3'-Dimethylbenzidine
α,α-Dimethylbenzylhydroperoxide
Dimethylcarbamoyl chloride
O,O-Dimethyl
O-(p-(N,N-dimethylsulfamoyl)phenyl)
phosphorothiolate
1,1-Dimethylhydrazine
1,2-Dimethylhydrazine
3,3'-Dimethy1-4,4'-(4-hydroxy-5-amino-2,7-napht
halene disulfonic acid-3-y1 azo)-1,1'-biphenyl
tetrasodium salt
O,O-Dimethyl S-(N-methylcarbamoylmethyl)
phosphorodithiolate
3,3-Dimethyl-1-(methylthio)-2-butanone
O-[(methylamino)carbonyl] oxime
O,O-Dimethyl O-(p-nitrophenyl) phosphate
O,O-Dimethyl O-(p-nitrophenyl) phosphothioate
Dimethylnitrosamine
Dimethylparoxon
2,4-Dimethylphenol

α,α-Dimethylphenethylamine
Dimethyl phthalate
Dimethyl sulfate
DINEX
4,6-Dinitro-o-cresol, and salts
4,6-Dinitro-o-cyclohexyl phenol
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Dinoseb
Di-n-octyl phthalate
1,4-Dioxane
1,2-Diphenylhydrazine
Diphosphoramide, octamethylDipropylamine
Di-n-propylnitrosamine
Disulfoton
Disystox
Dithane A-40
2,4-Dithiobiuret
Dithiodemeton
Dithiopyrophosphoric acid, tetraethyl ester
Do wfume 40
Dowfume MC-2
Endosulfan
Endothall
Endrin, and metabolites
Epichlorohydrin
Epinephrine
2,3-Epoxypropionaldehyde
Ethanal
Ethanamine, 1,1-dimethy1-2-phenylEthanamine, N-ethyl-N-nitrosoEthanamine, N-methyl-N-nitroso
1,2-Ethanediamine,
N,N-dimethyl-N'-(2-pyridiny1)-N'(2-thienylrnethyl)Ethane, 1,2-dibromoEthane, 1,1-dichloroEthane, 1,2-dichloro1,2-Ethanediylbiscarbamodithioic acid, salts and
esters
Ethane, 1,1,1,2,2,2-hexachloroEthane, 1,1'-[methylenebis(oxy)]bis[2-chloro]Ethanenitrile
Ethane, 1,1'-oxybisEthane), 1,1'-oxybis(2-chloroEthane, pentachloro
Ethane, 1,1,1,2-tetrachloro-
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Ethane, 1,1,2,2-tetrachloroEthanethioamide
Ethane, 1,1,2-trichloroEthane, 1,1,1-trichloro-2,2-bis(p-methoxypheny1)Ethene, chloroEthene, 2-chloroethoxyEthene, 1,1-dichloroEthene, trans-1,2-dichloro
Ethene, 1,1,2,2-tetrachloro
Ethanimidothioic acid, N-[(methylaminocarbonyl)oxy]-, methyl ester
Ethanol, 2,2'-(nitrosimino)bis
Ethanone, 1-phenylEthanoyl chloride
2-Ethoxyethanol
Ethyl acetate
Ethyl acrylate
Ethyl carbamate (urethane)
Ethyl cellosolve
Ethyl cyanide
Ethyl 4,4'-dichlorobenzilate
Ethyleneimine
Ethylenebis(dithiocarbamic ac i d), salts and esters
Ethylene dibromide
Ethylene dichloride
Ethylene glycol monoethyl ether
Ethylene oxide
Ethylene thiourea
Ethyl ether
Ethylidene dichloride
Ethyl methacrylate
Ethyl methanesulfonate
Ethyl 2-methyl-2-propenoate
Ethyl paraoxon
Ethyl parathion
Ethyl 2-propenoate
Famphos
Famphur
Ferric dextran
Firemaster T23P
Flammex T23P
Fluoranthene
Fluorine
Fluoroacetamide
Fluoroacetic acid, sodium salt
Fluorotrichloromethane
Formaldehyde
Formic acid
Freon 11

Freon 113
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Freon 12
Fulminic acid, mercury(II) salt
Fumazone
Furan
2-Furancarboxaldehyde
2,5-Furandione
Furan, tetrahydroFurfural
Furfuran
Fyrol HB 32
D-Glucopyranose,
2-deoxy-2-(3-methy1-3-nitrosoureido)Glycerol trinitrate
Glycidylaldehyde
Guanidine, N-methyl-N'-nitro-N-nitrosoHalon 1001
Heptachlor
HETP
Hexacholorobenzene
Hexachlorobutadiene
Hexachlorodibenzo-p-dioxin
Hexachlorodibenzofuran
Hexachlorocyclohexane (gamma isomer)
Hexachlorocyclopentadiene
Hexachloroethane
1,2,3,4,10,10-Hexachloro-1,4,4a,5,8,8a-hexahydro
1,4-endo,endo-5,8-dimethanonaphthalene
1,2,3,4, 10,10-Hexachloro-1,4,4a,5,8,8a-hexahydro
1,4-endo,exo-5,8-dimethanonaphthalene
Hexachlorophene
Hexachloropropene
Hexaethyl tetraphosphate
Hydrazine
Hydrazinecarbothioamide
Hydrazine, 1,2-diethylHydrazine, 1,1-dimethylHydrazine, 1,2-dimethylHydrazine, 1,2-diphenylHydrazine, methylHydrocyanic acid
Hydrofluoric acid
Hydrogen cyanide
Hydrogen fluoride
Hydrogen phosphide
Hydrogen sulfide
Hydroperoxide, 1-methyl-l-phenylethylHydroxydimethylarsine oxide
2-Hydroxy-2-methylpropionitrile

Imidazolidinethione
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Indeno [1,2,3-cd]pyrene
Iodomethane
Iron dextran
Isobutyl alcohol
Isocyanic acid, methyl ester
Isodemeton
Isodrin
Isopropyl phosphorofluoridate
Isosafrole
Isosystox
3(2H)-Isoxazolone, 5-(aminomethyl)Kepone
Lasiocarpine
Lead acetate
Lead phosphate
Lead subacetate
Lindane
Maleic anhydride
Maleic hydrazide
Malononitrile
Mancozeb
Maneb
MEK
Melphalan
Mercaptobenzene
Mercury
Mercury, acetoxy phenylMercury fulminate
Methacrylonitrile
Methanamine, N-methylMethane, bromo
Methane, chloroMethane, chloromethoxyMethane, dibromo
Methane, dichloro
Methane, dichlrodifluoroMethane, iodoMethane, oxybis(chloro)Methanesulfonic acid, ethyl ester
Methane, tetrachloroMethane, tetranitroMethanesulfenyl chloride, trichloroMethane, trichlorofluoroMethanethiol
Methane, tribromoMethane, trichloroMethanoic acid

4,7-Methano-1H-indene, 1,2,4,5,6,7,8,8octachloro-2,3,3a,4,7,7a-hexahydro
4,7-Methano-IH-indene,1,4,5,6,7,8,8heptachloro-3a,4,7,7a-tetrahydro
Methanol
Methapyrilene
Methomyl
Methoxychlor
Methyl alcohol
Methyl bromide
2-Methylaziridine
1-Methylbutadiene
Methyl chloride
Methyl chlorocarbonate
Methylchloroform
Methyl chloroformate
3-Methylcholanthrene
2-Methyl-4,6-dinitrophenol
4,4'-Methylenebis(2-chloroaniline)
2,2'-Methylenebis(2,4,6-trichlorophenol)
Methylene bromide
Methylene chloride
Methylene oxide
Methyl ethyl ketone
Methyl ethyl ketone peroxide
Methyl hydrazine
Methyl iodide
Methyl isocyanate
Methyl isobutyl ketone
2-Methyllactonitrile
Methyl mercaptan
Methyl methacrylate
Methyl 2-methyl-2-propenoate
2-Methyl-2-(methylthio)propionaldehyde
O-(methylcarbamoyl)oxime
N-methyl-N'-nitro-N-nitrosoguanidine
Methyl paraoxon
Methyl parathion
4-Methyl-2-pentanone
2-Methylpropanol
Methyl 2-propenoate
2-Methylpropenenitrile
(S)-3-(1-Methy1-2-pyrrolidinyl)pyridine
6-Methyl-2-thiouracil
MIBK
Mitomycin C
MNNG
Nabam
Naphthalene
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2-Naphthalenamine, N,N-bis(2-chloroethyl)Naphthalene, 2-chloro1,4-Naphthalenedione
5,12-Naphthacenedione,
(8S-cis)8-acety1-10-[(3-amino-2,3,6-trideoxyα-L-lyxo-hexopyranosyl) oxy1147,8,9,10
tetrahydro-6,8,11-trihydroxy- 1-methoxy2,7-Naphthalenedisulfonic acid), 3,3'[3,3'-dimethyl-(1,1'-bipheny1)-4,4'-diy1)]
bis(azo)bis(5-amino-4-hydroxy-, tetrasodium
salt
2-Naphthylamine
1,4- Naphthoquinone
a-Naphthylamine
1-Naphthylamine
β-Naphthylamine
α-Naphthylthiourea
Nemafos
Nemafox
Nemagon
Nickel carbonyl
Nickel cyanide
Nickel(II) cyanide
Nicocide
Nicotine and salts
Nickel tetracarbonyl
p-Nitroaniline
Nitric oxide
Nitrobenzene
Nitrogen(II) oxide
Nitrogen dioxide
Nitrogen(IV) oxide
Nitroglycerine
p-Nitrophenol
2-Nitropropane
N-Nitrosodi-n-butylamine
N-Nitrosodiethanolamine
N-Nitrosodiethylamine
N-Nitrosomethylamine
N-Nitrosomethylvinylamine
N-Nitroso-n-propylamine
N-Nitroso-N-ethylurea
N-Nitroso-N-methylurea
N-Nitroso-N-methylurethane
N-Nitrosopiperidine
N-Nitrosopyrrolidine
5-Nitro-o-toluidine

357

hexachloro-, cyclic sulfite
Octachlorocamphene
Octamethylpyrophosphoramide
Octamethyltetramido pyrophosphate
Ortho N-4 dust
Osmium oxide
Osmium tetroxide
7-Oxabicyclo[2,2,11heptane-2,3-dicarboxylic acid
1,2-Oxathiolane-2,2-dioxide
2H-1,3,2-Oxazaphosphorin, 2-[bis(2-chloroethyl)
amino]-tetrahydro-, 2-oxide
Oxirane
Oxirane, 2-(chloromethyl)Paraldehyde
Paraoxon
Paraoxon-Methyl
Parathion
Pentachlorobenzene
Pentachlorodibenzo-p-dioxin
Pentachlorodibenzofuran
Pentachloroethane
Pentachloronitrobenzene
Pentachlorophenol and its 2-(pentachlorophenoxy)
carboxylic acid derivatives, esters, ethers,
amines and other salts
1,3-Pentadiene
Perchloroethylene
Phenacetin
Phenol
Phenol, 2-chloroPhenol, 4-chloro-3-methyl
Phenol, 2-cyclohexy1-4,6-dinitroPhenol, 2,4-dichloroPhenol, 2,6-dichloroPhenol, 2,4-dimethylPhenol, 2,4-dinitroPhenol, 2-methyl-4,6-dinitro-, and salts
Phenol, 2-(1-methylpropy1)-4,6-dinitroPhenol, 4-nitroPhenol, pentachloroPhenol, 2,3,4,6-tetrachloroPhenol, 2,4,5-trichloro
Phenol, 2,4,6-trichloroPhenol, 2,4,6-trinitro-, ammonium salt
Phentermine
L-Phenylalanine, 4-[bis(2-chloroethyl)amino]Phenylarsonous chloride
Phenyldichloroarsine
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Phenyl mercaptan
Phenylrnercuric acetate
N-Phenylthiourea
Phorate
Phosgene
Phosphine
Phosphoric acid, lead(II) salt
Phosphoric acid, diethyl, 4-nitrophenyl ester
Phosphoric sulfide
Phosphorodithioic acid, O,O-diethyl S-methyl
ester
Phosphorodithioic acid, O,O-dimethyl
S[2-(methylamino)-2-oxoethyl] ester
Phosphorofluoric acid, bis(1-methylethyl) ester
Phosphorothioic acid, O,O-diethyl
S-(ethylthio)ethyl ester
Phosphorothioic acid, O,O-diethyl
O-(4-nitrophenyl) ester
Phosphorothioic acid, O,O-diethyl O-pyrazinyl
ester
Phosphorothioic acid, O,O-dimethyl
O-[p-(dimethylaminosulfonyl)phenyl] ester
Phosphorus pentasulfide
Phosphorus sulfide
Plantfume 103 Smoke Generator
Phthalic anhydride
2-Picoline
Plumbane, tetraethylPotassium cyanide
Potassium biscyanoargentate
Potassium silver cyanide
Pronamide
1-Propanamine
1-Propanamine, N-propylPropanal, 2-methy1-2(methylthio)-,
O-Rmethylamino)carbonyl]oxime
Propane, 1,2-dibromo-3-chloroPropanedinitrile
Propanenitrile
Propanenitrile, 3-chloroPropanenitrile, 2-hydroxy-2-methylPropane, 2-nitroPropane), 2,2'-oxybis(2-chloro1,3-Propane sultone
1,2,3- Propanetriol, trinitrate
1-Propanol, 2,3-dibromo-, phosphate (3:1)
1-Propanol, 2,3-epoxy1-Propanol, 2-methyl
2-Propanone

2-Propanone, 1-bromoPropargyl alcohol
2-Propenal
2-Propen-1-ol
2-Propenamide
Propene, 1,3-dichloro1-Propene, 1,1,2,3,3,3-hexachloro2-Propenenitrile
2-Propenenitrile, 2-methyl2-Propenoic acid
2-Propenoic acid, ethyl ester
2-Propenoic acid, 2-methyl-, ethyl ester
2-Propenoic acid, 2-methyl-, methyl ester
n-Propylamine
Propylene dichloride
Propylenimine
2-Propyn-1-ol
4-Pyridinamine
Pyridine
Pyridine, hexahydro-N-nitroso
Pyridine, (S)-3-(1-methyl-2-pyrrolidiny1)-, and
salts
Pyridine, 2-methyl
2,4-(1H,3H)-Pyrimidinedione,
5-[bis(2-chloroethyl)amino]4-(1H)-Pyrimidone,
2,3-dihydro-6-methy1-2-thioxoPyrophosphoric acid, tetra ethyl ester
Pyrrole, tetrahydro-N-nitrosoReserpine
Resorcinol
Saccharin and salts
Safrole
Schradan
Selenious acid
Selenium dioxide
Selenium disulfide
Selenourea
L-Serine, diazoacetate ester
Silver cyanide
Silvex (2,4,5-TP)
Sodium azide
Sodium cyanide
Sodium fluoroacetate
4,4'-Stilbenediol, a,a'-diethylStreptozotocin
Strontium sulfide
Strychnidin-10-one, and salts
Strychnine
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Strychnin-10-one, 2,3-dimethoxySTRZ
Sulfotepp
Sulfur hydride
Sulfuric acid, dimethyl ester
Sulfuric acid, thallium (I) salt
Sulfur phosphide
Sulfur selenide
2,4,5-T
TDI
TEDTP
Temik
1,2,4,5-Tetrachlorobenzene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachlorodibenzo-p-dioxin
Tetrachlorodibenzofuran
Tetrachloroethene
Tetrachloroethylene
2,3,4,6-Tetrachlorophenol
Tetrachlorophenol and its 2-(tetrachlorophenoxy)
carboxylic acid derivatives, esters, ethers,
amines and other salts
Tetraethyldithiopyrophospha
te Tetraethyllead
Tetraethyl pyrophosphate
Tetrahydrofuran
Tetramethylthiuram disulfide
Tetranitromethane
Tetraphosphoric acid, hexaethyl ether
Thallic oxide
Thallium(I) acetate
Thallium(I) carbonate
Thallium(I) chloride
Thallium(I) nitrate
Thallium(I) selenite
Thallium(I) sulfate
Thallium(III) oxide
Thioacetamide
Thiodemeton
Thiofanox
Thioimidodicarbonic diamide
Thiomethanol
Thiophenol
Thiosemicarbazide
Thiourea
Thiourea, (2-chloropheny1)Thiourea, 1-naphthalenylThiourea, phenyl-
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Thiram
Toluene
Toluenediamine
Toluene diisocyanate
o-Toluidine
p-Toluidine
o-Toluidine hydrochloride
Toxaphene
1H-1,2,4-Triazol-3-amine
1,1,1-Trichloro-2,2-bis(p-chlorophenyl)ethane
1,1,1-Trichloro-2,2-bis(p-methoxyphenyl)ethane
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Trichloroethylene
Trichlorofluoromethane
1,1,2-Trichloro-1,2,2-trifluoroethane
Trichloromethylsulfenyl chloride
Trichloromonofluoromethane
Trichlorophenol and its 2-(trichlorophenoxy)carboxylic acid derivatives
2,4,5-Trichlorophenol and its
2-(2,4,5-trichlorophenoxy) carboxylic acid
derivatives, esters, ethers, amines and other salts
2,4,6-Trichlorophenol
1,3,5-Trinitrobenzene
1,3,5-Trioxane, 2,4,6-trimethylTris-BP
Tris(2,3-dibromopropyl) phosphate
Tris (Flame retardant)
Trypan blue
Uracil, 5-[bis(2-chloromethyl)amino]Uracil mustard
Urethane
Vanadic acid, ammonium salt
Vanadium pentoxide
Vanadium(V) oxide
Vinyl chloride
Vinylidine dichloride
Warfarin and salts
Xylene
Yohimban-16-carboxylic acid, 11,17-dimethoxy18- [(3,4,5-trimethoxybenzoyl)oxy]-,
methyl ester, (313,1613,17a,1811,20a)Zanosar
Zinc cyanide
Zinc phosphide
Zineb
Zinophos
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Appendix I
Miscellaneous Anecdotal Information
You've probably heard the old saying, "Experience is a hard teacher, but some will have none other.'' It is not
necessary that you experience every risky situation. There is a lot of anecdotal information that circulates
because others have had "experiences." Here are some musings from our chemist covering friction sensitive
compounds, acid neutralization, peroxide formers, cyanogen bromide and nitrocellulose decomposition which
you might find interesting.

I.1 Things that go Bump in the Lab
People responsible for laboratory operations are constantly advised to keep incompatible chemicals separated.
This usually amounts to keeping oxidizing and reducing organic chemicals on different shelves or cabinets.
However, some of the chemicals used in a lab have an oxidizing and reducing agent either in the same
molecule, as ions in a salt or as a mixture of the two. These compounds are incompatible with themselves.
They are oxidizers and incompatible with the organics, and they're partly reducing and will react with the
oxidizers. Because of this, they should get their own location, one that is sheltered from heat, shock and other
chemicals so that fire or explosion of these is less likely. In labs where a variety of chemicals are used,
knowing the kinds of chemicals that fall into this category is crucial.
The presence of oxygen in the laboratory air poses an incompatibility with the reducing materials;
however, this is generally only a problem if there is a fire in the room. Oxygen in the lab can slowly invade a
chemical container either by leakage or from the residual left each time the container is opened and can then
form an in-molecule incompatibility, i.e., an organic peroxide. It is important to know what chemicals are
susceptible to this action. This scenario happens to a wide variety of chemicals that can react with oxygen. In
many cases the problem is ruined material and poses no hazard and, in many other cases, a material's normal
use requires this to happen, (e.g., the drying of varnishes and paints). There are four distinct types of
oxidation:
1. Molecule of oxygen attaches to an atom or bond.
2. Molecule of oxygen initiates a polymerization reaction of unsaturated bonds.
3. Oxygen initiates polymerization and co-polymerizes with the monomer, forming a poly-peroxide.
4. Oxygen is inserted into a carbon to hydrogen bond by a chain reaction, forming a hydroperoxide.
Oxygen is normally a diatomic molecule (02) which is made less reactive than it could be because it is
also diradical with a "triplet" configuration of its electrons. In 02, unpaired, non-bonding electrons on each of
the oxygen atoms, spin in the same direction. Same direction electron spins won't form a bond. If one
electron on this oxygen forms a bond to another electron pair, whether itself a bond or unshared pair on an
atom, the new diradical will always be with same direction spins. This configuration limits what oxygen at
normal temperature and pressure will spontaneously react with; obviously a good thing! The molecule can
attach and stick to reactive metal surfaces, low valent transition metal ions of salts or oxides, unbonded pairs
of electrons on iodide, phosphines, sulfides, sulfites, amide ions or carbanions. Oxygen will react with a
carbon-to-carbon unsaturated bond or a double bond of a monomer which produces an initially unstable
diradical adduct that will become stable if another double bond reacts with either the other oxygen end or the
carbon end of the adduct. This event is likely to happen because the oxygen molecule is surrounded by
monomer molecules. The reaction can also proceed by adding-on other oxygen molecules alternating with
the monomer, if the dissolved oxygen concentration is high and the polymerization of carbon species is
relatively slow, as with more stable carbon radicals being generated.
The fourth type of oxygen reaction is more difficult and the oxygen needs assistance or an initiator.
One way to initiate it is to use a radical generator such as those used in polymerization reactions. A
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radical generator would do the hydrogen abstraction; this is the required first step as oxygen alone can't do
this. Another way is to add a sensitizing dye, which in combination with light will reverse an electron spin on
an oxygen molecule, making it a singlet type and more reactive for hydrogen abstraction. The resulting
superoxide can directly combine with the nearby organic radical as the spins are now opposed. However,
peroxides form without additives and in the dark if there is enough oxygen in the liquid and headspace. The
rate of formation will accelerate over time, from a slow, long beginning to rapid accumulation years later. The
additive that no one intends to add is probably (cf., Advanced Inorganic Chemistry, 6' ed) an iron, manganese
or copper containing dust particle commonly found in the air. A metal oxide in the dust binds oxygen as a
peroxyradical that can abstract a hydrogen from the liquid organic, forming a metal hydroperoxide and an
organic radical that can adduct another oxygen in the solution. It is observed (cf., Bretherick, pg. 579 in 5" ed)
that salts that bind tightly to transition metal ions, dithiocarbamates, can inhibit peroxide formation.
(1)
M. + .O–O. → M–O–O.
initiator metal superoxide
(2)
M–O–O. + R–H →M–O–O–H +
initiator metal hydroperoxide and organic
R.
radical hydroperoxy radical
( 3 ) R. + .O–O. → R–O–O.
hydroperoxide and new organic radical, and:
(4)
R–O–O. + R–H →R–O–O–H
regeneration of initiator metal by superoxide
+ R.
dismutase and catalase type reactions
(1 a) M–O–O–H → M. +O2 + H2O
From the above, two ways to prevent oxidation are evident: (1) keep out oxygen and (2) disable the
initiator. For oxidation types 2 and 3, the initiator is not needed. For these, one needs something that will
attach to a radical that would otherwise perpetuate the chain of polymerization growth. Hydroquinone, which
will sacrifice itself and become quinone by donating its hydroxy hydrogens, stepwise, nips the polymerization
process in the bud. Each oxygen molecule consumes a hydroquinone though, but, more to the point, each
hydroquinone defeats what each oxygen has started, and one oxygen can capture a great amount of monomer.
However, in a true chain reaction process like the hydroperoxide formation, an inhibitor can recycle itself by
reversing two of the chain steps. It can put a hydrogen on a carbon radical that is waiting for an oxygen to
attach, and it can remove a hydrogen from an organic hydroperoxide or the initiator metal hydroperoxide,
thus regenerating itself. This action essentially reverses reaction (4), reducing organic radical concentration
and thus slows reaction (3), which is the oxygen consuming step. Abstraction from the metal peroxide is even
more effective. Common inhibitors of this type are hydroquinones, phenothiazines or phenylnaphthylamines.
These have hydrogens that are easily removed in a radical mechanism by being relatively stable radicals
themselves.
The hydroperoxide formation occurs with many types of substances: liquids, gases stored under pressure
as liquids and solids that are dissolved in a liquid. A liquid phase is essential for the oxidation types 2, 3,
and 4 reactions to occur. The carbon atom with the abstractable hydrogens can have a variety of different
neighboring atoms or functional groups, which determine its reactivity. The essential feature required is an
orbital of the attached atom or functional group as a non-bonding pair, on oxygen or nitrogen, or a "pi"
system double bond or aromatic group which have orbitals parallel to the carbon-tohydrogen bond that gets
broken. The neighboring atoms or functional groups on this carbon also can determine what the product
peroxide can do. The possibilities are: hydrolysis to form hydrogen peroxide which slowly and
spontaneously decomposes; slow and spontaneous decomposition of the hydroperoxide to a ketone or
carboxylic acid; or accumulate and even protect itself by polymerizing or further crystalizing out of
solution. Something this energetic, that concentrates and becomes hard to detect, is worrisome.
Detection of peroxide formation the reaction can be visual, odor detection or by using a chemical
method. Usually, an indicating substance is oxidized by the oxygen-to-oxygen bond to something that has
color. The color intensity will be proportional to the amount of peroxide. The questions to be asked
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when using chemical methods are: what is being detected and what can be missed? Even when using the
visual method, one must ask: what can one see, and where? When using the odor detection method, the
container either must be opened or is leaking. There must be a substantial amount of peroxide present for an
odor to be detectable.
The visual method can look for unusual viscosity, crystals suspended in liquid, precipitation of solid or
crystal residues in the area of the cap. The latter indicator can be hidden and may react when a lab worker
turns a screw cap or ground glass stopper. The odor smelled is generally similar to an organic acid, and may
well be, for the most part, a decomposition product that could only be from an oxidation of the material. For
chemical methods to work, the peroxide must be in solution and the color reagent must be oxidized by the
peroxide bond. A small portion of the liquid is added to an iodide salt in acetic acid and, in more extreme
cases, hydrochloric acid, where heating for some time is included, has been the most common chemical
method. Another popular method uses test spots on plastic strips that are commercially available. These
utilize catalase enzymes and a dye that becomes visible on being oxidized. These are scaled to measure up to
100 ppm (mg H202 per liter) and using dilution with a (known to be) clean solvent (e.g., from unopened
container), it will read higher ranges. Other methods involve oxidation of iron(II) to iron(III) in the presence
of thiocyanate which complexes to form a red color. This can be done as a quantitative test and is readable up
to 400 ppm peroxide as hydrogen peroxide. The hardest peroxides to detect are the dialkyl peroxides that
form from copolymerization with alkenes. Unfortunately, these can also be the most reactive, and are easily
detonated.
Methods of detection and methods of chemical treatment are similar: reduce the 0— 0 bond. Other
methods can involve:
1. absorbtion of peroxides on an alumina column,
2. hydrolysis of the peroxide to hydrogen peroxide by base catalysis,
3. disproportionation of hydroperoxide to oxygen and alcohol using a metal based catalyst, and
4. forcing a controlled peroxide rearrangement where the organic portion of the molecule is the reducing
agent (i.e., just like the explosion, only controlled, hopefully).
Another common method of treatment is distillation of the unoxidized liquid from the peroxide. This can be
done in one of two ways. If the material is known to be free of water, non-alcohol / non-carbonyl, and low
level in peroxides, then sodium metal (i.e., a reducer) can be added to the distillation pot along with
benzophenone to serve as an indicator of active sodium remaining; a blue color of sodium diphenylketyl
radical indicates that excess sodium remains to scavenge any remaining peroxide. A second method is to add
mineral oil in equal volume to the material to be distilled. The mineral oil serves a dual purpose. It prevents
peroxides from being concentrated at the end and may, for some peroxides, allow them to decompose
steadily as they are heated. The actions to take with an oxidized material is dependent on a complex of
factors including:







the amount of material being dealt with
the value of the material
the concentration of peroxide, accurately and completely detected
the type of peroxide that is formed
water miscibility or solubility of the material
the hazard of undissolved peroxide residues

Given a reasonable lab quantity of material where the peroxide is not precipitated or crystalized, the
concentration of peroxide detected will set the course. If one liter of liquid with 100 ppm peroxides (as mg
H202 per liter) is distilled down to dryness and the residue explodes, the energy is roughly equivalent to
good firecracker or a .22 caliber bullet charge (i.e., one kiloJoule). This is the same energy as a 280 pound
weight falling from a 30-inch height onto the floor or a change of two degrees Fahrenheit in a cup of water.
This serves as a level at which one needs to know that peroxides are present. With a chemical
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reduction, the amount of heat generated and the ability of the liquid to absorb the heat with a limited
temperature increase needs to be determined beforehand. A reducing agent or disproportionation catalyst that
generates the least amount of heat on being oxidized and is used as a water solution is the best way because
water is a good absorber of heat. Using aqueous ferrous sulfate on diethyl ether, 1:4 in volumes, one can treat
1200 ppm peroxides with a 5 °C rise in temperature of the total mixture. Iodide salt is even lower in heat
generated, but is slower and requires acidic medium and higher temperatures. However, it is good for the
detection technique.
The chemical type of peroxide formed is also an important factor as to what will work practically (i.e.,
whether to save the material or discard it safely). There are four distinct types based on its being a
hydroperoxide vs. dialkylperoxide and hydrolysible vs. not hydrolysable. Hydrolysis is possible if there is a
chlorine, ether, hydroxy, oxide, amide or amine on the same carbon as the peroxide. The first three (i.e.,
chlorine, ether, hydroxy) come from oxidation of ethers, alcohols and oxygen copolymerizations with
chloroalkenes like vinylidine chloride or chloroprene. The ethers and alcohols produce hydroperoxides
initially, which then can form polyalkylidine or cyclic peroxides. These peroxides are also hydrolysible due
to the oxygen atom's presence on the same carbon as the peroxide, even though it's a peroxide itself. Nonhydrolysable hydroperoxides form from allylic and benzylic oxidations. The good news is that they remain
as hydroperoxides which are easier to reduce and in many cases will rearrange to non-peroxide products
following formation or on distillation from mineral oil. Non-hydrolysible dialkyl peroxides are the most
dangerous; they form by copolymerization of alkenes, usually dienes or ene-ynes, with oxygen. They tend to
come out of solution, are hard to detect and reduce if in solution, and the molecular weight per 0 — 0 bond is
usually low; higher energy per mass.
A material that is water soluble simplifies disposal options. If it is in a state of advanced oxidation,
dilute it, reduce it and put it down the drain.
Regardless of statements in Chapter 4, the time it takes to accumulate a potentially hazardous quantity is
too widely variable and dependent on nuances of the situation and the nature of the material. A radical chain
reaction that is truly autocatalytic, will generate the means to increase its rate as it generates its product. In
the case of hydroperoxide formation that requires hydrogen abstraction and the chain reaction, a constant
concentration of organic radicals will give a constant rate of accumulation of hydro-peroxide as long as there
is sufficient oxygen in solution. The concentration of radicals will only increase if the initiator catalyst, metal
containing dust, is active and oxygen is supplied. The rate of radical concentration growth will be constant
with time and determined by the initiator catalyst activity and amount, given that oxygen availability is not
rate limiting. With a constant amount and activity of catalyst, the peroxide accumulation rate will be
quadratic and could be cubic if the amount of catalyst dust also steadily accumulates. Early on this is true,
but limitations such as the rate at which oxygen can invade the container, the solubility of oxygen in the
liquid and catalytic species concentration, can level the rate to a constant, dependent on the rate of oxygen
invasion. Effective inhibitors can delay the onset of normal radical growth rate and chain reaction rate by a
year or maybe two. Observed times to produce a ten-fold increase can vary from two months to two years in
the low level stages and the time to reach a measurable level of I ppm may be days or months. This translates
to what is observed with the most common material, diethyl ether; it takes years to be potentially dangerous
if it is kept closed tightly. Therefore, it is important that you keep track of your potential peroxide formers
and periodically check the condition of the containers and their contents.
This is just a sketchy overview of the factors and issues in a huge and important aspect of chemistry.
Many fundamental lessons of chemistry come to bear here. Knowledge gained from synthetic techniques is
applicable to this concern. Examples include ozonolysis with safe recovery of the desired product and the use
of peroxide compounds and formation and rearrangement of peroxides in the course of a synthesis plan.
Peroxide formation and dealing with it has a considerable body of useful literature to peruse.

Laboratory Safety Guide

364

Miscellaneous Anecdotal Information
Bretherick's Handbook of Reactive Chemical Hazards, 5th edition is now current.
Handbook of Laboratory Safety, 4th edition, CRC Press
Handbook of Chemistry and Physics, latest editions have good coverage.
Review of Safety Guidelines for Peroxidizable Organic Chemicals; Richard J. Kelly in Chemical Health
and Safety, Sept/Oct 1996, p.28
Organic Peroxides (a series of volumes) Daniel Swern, Wiley-Interscience
Advanced Inorganic Chemistry, 6' edition, Cotton, Wilkinson, Murillo, Bochmann; Wiley. p.460
(superoxides)
Illustrative topics in Bretherick's are:





1.2

Poly(1,3-butadiene
peroxide)
1-allyloxy-2,3epoxypropane
2-propanol
2-butanol
Diethyl
ether Splatters on
Why
Water







Tetrahydrofuran
Diisopropyl ether
4-methyl-2-pentanone
Peroxides in Solvents
Peroxidizable
Compounds







Ethyl acetate
Methyl acrylate
Dimethyl ketene
Divinyl ether
Vinyl acetate

Sulfuric Acid
(and Not When Sulfuric Acid is Added to Water)

You have all heard the advice, "Don't add water to acids, add acids to water!" Obviously, bad things may
happen if you fail to follow sound advice. To find out why this is good advice, first consider some relevant
factors in the reaction:
 Density of sulfuric to water: 1.84
 Viscosity of sulfuric to water: 24.2 vs. 0.89 mPa sec
 Heat capacity of sulfuric to water: 138.9 J/mole °K vs. 75.3 J/mole °K
 Heat of dilution of sulfuric neat to infinite: 95.0 kJ/mole
 Heat of first water of hydration (using perchloric acid as model)
HClO4 + H2O → ClO4(-) H3O(+) 55.8 kJ/mole
ClO4(-) H3O(+) + xH2O → H(+)aq + ClO4(-)aq 32.95 kJ/mole
 Addition of subsequent waters produces less heat than that of the first.
 Molarity of sulfuric to water: 18.4 mole/liter vs. 55.6 mole/liter
 Boiling point of sulfuric to water: —290 °C vs. 100 °C
Putting this together:
A stream of sulfuric acid poured into water penetrates it more readily than water into sulfuric due to density
of sulfuric being greater than water and due to viscosity of sulfuric being higher than that of water; more
momentum of sulfuric and less resistance of water vs. less momentum of water and greater resistance of
sulfuric. Thus, water is more retained at sulfuric acid surface.
The lower viscosity of water allows a faster distribution of the heat generated, by convection; sulfuric
poured into water will have heat removed into bulk of water more readily than it would through the bulk of
sulfuric acid when water is poured onto it. The water will take the heat of reaction.
Sulfuric acid can take 1.8-times the amount of heat that water takes per molecule and per temperature
rise. However, there's more water molecules on the surface of contact: 2.1 : 1 [ratio of molarities to the 2/3rd
power]. Water takes more heat at the surface of contact. Water boils at a far lower temperature,
though.
Order of mixing in a reaction can influence its initial outcome in terms of composition. Sulfuric acid
being dispersed into water will take water molecules in a succession to full hydration as there is more water
available to it as it progresses into solution. Water onto sulfuric will initially bind with one sulfuric acid
molecule, forming mono-hydrates as water penetrates into sulfuric acid bulk. In a successive hydration, the
first water bound, H3O(+) HSO4(-), produces the majority of the whole heat of hydration of
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sulfuric acid. The temperature rise of a sulfuric acid hexa-hydrate (not a definite structure) is the whole heat
added divided by the heat capacity of the whole complex, ~590 J/mole °K, where the mono hydrate
formation may produce only 60% of the full heat of hydration, it has a heat capacity of ~220 J/mole °K or
37% that of full hydrate; the temperature rise could be ~1.6 that of the hexa-hydrate formation taking the
heat.
Water slowly poured onto a sulfuric acid surface will form a shallow pool that has as a liquid-liquid
contact, a layer of sulfuric acid mono-hydrate, that realizes a higher temperature and a bulk that readily
distributes the heat formed, having only to achieve a lower boiling point -- that of water. Thus, water
splatters on sulfuric acid and not the other way around.
What about bases???
I found via calculation, and had observed approximately by doing, that a temperature increase of —10 °C
occurs in an aqueous solution for each added normality for both sulfuric acid and sodium hydroxide when
either is added to water as 100% sulfuric or pure sodium hydroxide. Thus, trying to make 8 N solutions of
either will result in a 100 °C solution starting from room temperature. The hydrogen ion associated with
sulfuric and the hydroxide associated with sodium are so loosely bound that on associating with a water
molecule, or several really, there is heat released (interestingly, a similar amount per mole for both proton
and hydroxide). Only really strong acids like trifluoromethanesulfonic or "triflic acid", perchloric, the 100%
stuff, not the 72% dihydrate that we see commonly, and really strong bases like the hydroxides of sodium,
potassium, rubidium and cesium (tetraalkylammonium ions should be the case also) will do this.
We couldn't resist testing the "wrong way" addition of water to sulfuric to see just how bad it can be. On a
scale of 25 ml sulfuric in a 250 ml beaker (I was even wearing long gloves!) slow addition of water behaved
as I had suggested, but the amount of splattering was less than I had predicted. I would still suggest that
adding water to a bottle of sulfuric is a bad idea (you can get away with that with hydrochloric and even
nitric). Adding water to sodium hydroxide pellets, enough to cover the pellets, will give a slow buildup of
heat rather than immediate reaction -- lower surface area to mass with pellets -- but this has been observed to
explode ultimately due to the steam produced (somebody else's observation, not my goof!).

I.3. Peroxide Crystals found in isopropanol
A storage room, that has for decades held surplus lab chemicals from a number of research groups in a
medical sciences building on campus, is finally emptied of its contents. It's mostly familiar chemicals that are
used in quantity, solvents, salts, indicators and stains, biochemicals and chromatography materials. All taken
to the facility where they are sorted by type, stored for pick-up by a commercial disposal company or
disposed of by sewer, neutralization or bulking of flammables. A chemist sorts the approximately 100
gallons of solvent surplus in bottles ranging in sizes 100 ml to 5 gal. cans; mostly glass gallon bottles. The
goal is mundane, separate the chlorinated solvents for separate bulking from the fuel-blending solvents. The
cardboard boxes of four one gallon bottles seem very old, easily from the Upper Disconian Era of the late
'70's. Diethyl ether, notorious for auto-oxidation over years, shows no overt signs of crystalization from
peroxide formation, but a cautious whiff of the bottle cap indicates the sour, acetic acid odor that can only be
peroxidation, at this point, extensive. Unopened boxes of dioxane and tetrahydrofuran bottles, some are sour
as well.
The best is yet to come; a box with two brown bottles, labels long gone, but each with white tape on
which "isopropanol" is written. One bottle nearly full, sniff says isopropanol, as expected, and no more. The
other, about a fifth full -- hold on-- what's that crystaline mass, nearly as much as the liquid, laying there? No
crystals at the neck, the cap turns easily, (no cushion or liner under it) so give it a sniff too. Sour and no
distinct isopropanol odor at all. Sometimes experiments that don't give expected results are collected in a
bottle for scrutiny later and the bottle is not re-labeled. It is deemed best to assume
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peroxide crystals, in awesome proportions, no less, and be careful. Label this "isopropanol, crystaline
residue, PEROXIDES?" and find a safe place for it -- the "reactives" shelf.
The liquid is mobile enough, similar to water, and a sample is carefully pipetted out. Two tests are
done on the liquid. The obvious is a titration for peroxides using thiosulfate as titrant on a 0.1 ml
sample of liquid allowed to react one hour with acetic acid, hydrochloric acid solution with excess
iodide, lots of iodine produced. The result is 8.5% as hydrogen peroxide equivalent, about as much as is
ever seen, probably a solubility limit of the peroxide. The other test is using a gas chromatograph, two
columns, to see what familiar things are there. Approximately 16% isopropanol and 10% acetone, both
logical to be there, but also a signal pair that may be isopropyl acetate, indicating that methyl acetate
from a peroxide rearrangement is trans-esterified with isopropanol. Then one more late arriving one,
17.5 min. and 19.5 min. on each column respectively, about where adamantane appears.
A few days after the peroxide discovery, the commercial disposal company arrives to take the
stored items. The lead worker, shown the crystaline peroxide prize, adds water to fill the bottle, the
hope here is that the peroxide dissolves or decomposes by hydrolysis and hydrogen peroxide
decomposition. The latter happens, but way too slowly. Oxygen bubbles slowly grow on the crystals
and lift some smaller
ones to the top of the liquid. The crystals are square plates that collect in what seem to be masses of
overlapping plates. The plate size range is I to 5 mm square and 0.1 to 1 mm thick. These floating ones
are now safely obtained crystals, no chipping away at the mass needed (people get injured doing that!).
With the object of interest in hand, three tests are done. Two are obvious; put a small (1 mm sq.) grain
on a metal spatula into a flame and strike another (2 x 2 x 0.1 mm) with a hammer. In the first, the
crystal melts, then flames rather spectacularly, like "special effects" flame. In the second, one blow
shatters the crystal and the next detonates it with a sharp report as loud as the "cap" used in the toy gun.
The third test is head-space GC, sampled at 55 °C, on the two columns normally used for solvents. A
crystal of size similar to the previous tests gives a large signal pair: 17.5 min. and 19.5 min. So, that
was the actual peroxide detected before.
Decomposition with water is too slow, even though, being surrounded with water it is at least safe.
To be taken by the company, it must dissolve in something and be shipped as a peroxide solution. Dimethyl phthalate is what is used to dissolve butanone peroxide as a 50% solution. It should work
similarly in every respect with this. When some was obtained, as someone's surplus, luckily, the water
was mostly, and carefully, poured off and about 1.5 liter was added. Dissolution takes days, (but who's
going to push it?) and occurs smoothly.
Google searches on "acetone peroxide" give some timely results. There are many web-sites that tell
one how to make acetone peroxide (and, of course, tell you NOT to do it!), the detonator explosive that
in combination with other explosives, shrapnel and an igniter is the suicide bomb of the middle-east
wars. A point that is well made in many discussions is that in mixing acetone, 30% hydrogen peroxide
and a catalytic amount of concentrated sulfuric acid , keeping the temperature of the mix at near
freezing, <10 °C, produces the less sensitive form, the trimeric peroxide. At higher temperatures, the
more sensitive and volatile dimeric is formed preferentially. Also, trimeric, if allowed some time at
ambient temperatures, will sublime slowly and reform as dimeric peroxide. So, dimer it is in this case,
certainly, even though the formation chemistry is very different.
The initial monomer, 2-hydroperoxy-2-propanol, can be formed in two ways. The above description
is of acidified acetone, protonated at the ketone oxygen, taking hydrogen peroxide at the carbonyl
carbon. The auto-oxidation formation involves diatomic oxygen being inserted between hydrogen and
the middle carbon of isopropanol or isopropyl ether in a chain reaction involving catalytic activation of
oxygen. In dimer or trimer formation, the initial monomer loses water to become a true monomer,
acetone 0-oxide, acetone with another oxygen stuck to the carbonyl oxygen. This is transient and will
dimerize by attaching the end oxygen to a neighboring molecule's carbonyl carbon. Another monomer
can be added and the ring closed or the ring closes at the dimer stage.
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There are two different references to peroxide decomposition above. One involves aqueous hydrolysis of
acetone ketal, essentially replacing a hydroperoxide with hydroxide, via a transient ring opening that has a
negative charge on a peroxide oxygen and positive charge on the ketal carbon. Water relieves the positive
charge by adding to the carbon, forming a hemi-ketal, and protonating the peroxide as well. This same
cleavage and addition of water continues stepwise and ultimately sets hydrogen peroxide free, leaving
acetone. The other, involving acetate, mentioned above in GC analysis, is an energy producing decomposition
with bond rearrangement. This is the decomposition that can make peroxide compounds dangerous. It can
occur slowly and smoothly, or it can be initiated with heat or shock to occur all-atonce with the crystal mass
of peroxide. With the slow reaction, energy produced is dissipated in the surrounding solvent without
contributing to further reaction initiation. The initial bond cleavage is heterolytic oxygen to oxygen, leaving
one oxygen with a high energy deficit of electrons, which is immediately relieved with the adjacent methyl
group migrating, with its bond's electrons, to that oxygen. This leaves the electron deficiency on the acetone
carbonyl carbon, similar to the hydrolysis mechanism, and this being in isopropanol solvent, the alcohol
oxygen can add to that carbon and give its proton to the other oxygen. Now there is a hemi-ketal on one end
of a peroxide and an ortho-ester of acetic acid on the other end. That ortho-ester could be hydrolysed to
isopropyl acetate by any water in the solvent. With the rapid decomposition, of essentially isolated peroxide
crystal, the initial rearrangement contracts the six-member ring of the dimeric peroxide to a five-member ring
ortho-lactone, cyclic-ketal peroxide. That could decompose concertedly to two molecules of methyl acetate in
an immediately following step. The calculated energy of one mole of peroxide, as monomer, rearrangement to
ester is about 320 kJ.
The major concern of peroxide forming solvents is with isopropyl ether, while peroxide formation in
isopropanol is well documented but much lesser known in the current chemical knowledge. This observer
has never seen peroxide formation in the isopropyl ether (not even a 25 year-old one gallon bottle) but will
never be a skeptic in the matter, either. Diethyl ether peroxides have always been observed to be in the ether
solution which on evaporation of a small sample are as a varnish rather than crystaline. This has been the
case with old, smelly, viscous diethyl ether in a 5 gallon can. Whether crystal or not, a buildup of this plastic
form of peroxide, observed with p-dioxane and tetrahydrofuran also, hiding under a plastic screw-cap has
the potential for friction sensitivity to detonation if the stuck cap is forced. The "fire-cracker amount" in the
threads could break the neck of the bottle and possibly ignite the volatile solvent contained. The
documented peroxide explosions in lab situations have been ones involving distillation, heating and
concentration of peroxide residuals, and impact or friction with attempts to remove crystals from a
container.
More peroxide accounts of similar nature come from ozonolysis reaction work-up. The peroxide
compound is the molozonide or 1,2,4-trioxolane (acetone peroxide dimer is a 1,2,4,5-tetraoxane) that
sometimes is not fully reduced at its oxygen to oxygen bond. The remaining peroxide has detonated on
scraping out collected product on a sintered glass filter funnel. Others have occurred in use of dimethyldioxirane, an acetone peroxide nonomer, which becomes the dimer crystals mentioned above if allowed
some time.

I.4. Cyanogen Bromide
Reference books like the Merck Index, Sax's Dangerous Properties of Industrial Materials and the multitudinous MSDS's give the chemical, physical and toxicological information on this material. Text books and
biochemical research literature indicate its uses in biochemical techniques and chemical literature reviews its
synthesis and uses in chemical synthesis.
By appearance it is a clear, colorless, crystalline (but soft, waxy) solid that is volatile with pungent,
acidic and irritating vapor. It has a low melting point of 51 °C and vapor pressure is one atmosphere at 61 °C.
It is slowly soluble in water and very soluble in acetonitrile, a 50% solution is often used, and can
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be purchased as such. Its solution in water is stable for some time and pH is near neutral. It will hydrolyse
and neutralize base if it is added to solution.
It is made by bromine oxidation of cyanide salt in aqueous solution, whether dilute or concentrated, and
can be distilled into a receiver as a pure compound or kept as an aqueous solution if to be used soon. The
molecule is linear, three atoms in the order, Br–C≡N. Triple bonds of small atoms are generally reactive
towards polymerization or cyclic trimerization and this molecule is endothermic, its elements are more stable
than the compound is in the gas phase. The MSDS accounts list an extreme temperature reaction as
producing cyanogen gas and bromine as decomposition products, this seems to be energetically a slightly
favored occurrence. A concern in Bretherick's Handbook of Reactive Hazards is that preparations of this
have exploded on storage at room temperature years after being prepared. The reaction may be an
oligomerization or polymerization, possibly caused by a trace of cyanide salt in the crystaline solid. If so, the
cyanide, being basic (nucleophillic) starts the reaction by bonding its "C" end to the carbon of cyanogen
bromide and the charge now shifted to the "N" end will bond to another carbon, and so it repeats. There is
much extra energy to be had, particularly in energy per heat capacity that translates to a great rise in
temperature.
A slower decomposition hazard that can result in eventual bursting is when the container closure allows
atmospheric humidity to enter. Hydrolysis of cyanogen bromide then occurs, first to isocyanic acid, and
then with trimerization to cyanuric acid, a white, opaque, water insoluble solid, and hydrogen bromide,
which will exist as a pressurizing gas (it is not trapped by anything basic, condensed or released, unless the
cap is too lose) that can make the container a danger on being opened. Viewing the material through the
glass and observing the contents to be opaque, as opposed to being clear, will have to do as a warning that
hydrolysis has occurred here.
The two most common uses of this material are in biochemical work; protein or peptide cleavage at
methionine's carboxyl end and activation of sepharose to a cyclic iminocarbonate for binding proteins or
peptides at their amino ends for affinity chromatography. Cyanogen bromide acts like a halogen where the
C≡N part bonds to the nucleophille, sulfur or oxygen, producing hydrogen bromide and cyanate, R–O–C≡N,
in the reaction with hydroxyl of sepharose and S-cyanomethiononium bromide from attachment to the
thioether of methionine in a peptide. Methylthiocyanate is released when the carbonyl oxygen of methionine
displaces it, forming an iminolactone five member ring with the four carbon atoms of methionine, which then
hydrolyses to cleave the peptide. Amines are derivitized in similar manner, a cyanamide, RR' N–C≡N and
hydrogen bromide or alkyl bromide are formed from secondary or tertiary amines, respectively. Cyanide is
not observed in these cases to be released as such, it takes the nucleophille, bromide takes the electrophille.
In the case of water hydrolysis, hastened by addition of hydroxide, the observation will be consistent
with the observed reactions in its use as a reagent; cyanide takes the nucleophille and bromide is freed to
solution as such. In a balanced reaction of water hydrolysis of cyanogen bromide, Br–C≡N + H–O–H→
three outcomes are possible:
(1) H–Br + H–C≡N + ½O2
(2) HO–Br + H–C≡N or
(3) H–Br + HO–C≡N
Both in electropotentials, free energy and equilibrium position, and heat of formation differences, will
greatly disfavor cyanide and oxygen (1), and cyanide and hypobromite (2), (can disproportionate into
hydrogen bromide and bromic acid with a small gain in likelihood). Oxygen, if formed could throw the
equilibrium by just leaving the scene, an end reaction. Cyanide, in (2), will be in contact with bromine,
bromate or hypobromite, any of which will oxidize it to cyanate or back to cyanogen bromide, which is
how it's formed anyway.
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In stating that cyanide and bromide are products of alkaline hydrolysis, as in the Merck's entry and
subsequently quoted by everything else as a result, is simply wrong. Its easy to demonstrate that cyanide
is not a product; one gram of cyanogen bromide (in good condition) added to about 30 milliliters of water
(takes a long time to dissolve) will give strong odor of same as it is pushed to dissolve. Add universal
indicator and observe that pH is about neutral. Add 2 N base as though titrating and observe that violet
basic color will slowly give way to neutral color as more cyanogen bromide dissolves. Repeat the
portionwise addition until the crystal is gone and violet color persists. Give the solution some time and
notice that cyanogen bromide odor is nearly vanished (be careful in any event). On being satisfied that the
reaction has occurred reasonably, it's time for the ACID TEST (!) Add 30% phosphoric acid solution until
indicator color is just red, cautiously sniff or use cyanide gas indicator paper or test for hydrogen cyanide
with Prussian Blue test. The results will be weak if anything at all. If cyanide were the result of
hydrolysis, the test, however done would be strongly indicating.
Just because cyanide is not being generated, doesn't make it safe as a result; cyanogen bromide is
about as toxic and nearly as volatile as hydrogen cyanide. It is even more mobile in aqueous solution
because it's less soluble than hydrogen cyanide and its Henry's Law constant (vapor pressure over solution
per concentration in solution) is higher.
There is more information available on the toxicity of cyanogen chloride than there is for the
bromide. Cyanogen bromide was developed to be a safer and easier to use form of the chemical in
chemical synthesis and some biochemical applications. The chloride form, which is a gas, was used in
chemical warfare as well. Being in high volume production and having a lethal history, the chemical was
studied. Research in the late forties and early fifties demonstrated that cyanogen chloride reacts as
expected with a mercaptan function in glutathione, forming a thiocyanate and hydrogen chloride as
products. A second glutathione mercaptan then displaces the cyanide of the thiocyanate, forming a disulfide between two glutathiones and hydrogen cyanide is released. Thus it takes a reducing agent to make
cyanide of what is essentially a cyanate. The oxidized glutathione can be regenerated on glutathione
reductase, which consumes NADPH as the near ultimate source of reducing power. Cyanide blocks the
electron transport chain of proteins and cofactors at the end of the line; just before electrons are donated
to respired oxygen, rendering it unusable and stopping the electron current. With electron transport
blocked, ATP is not made and the means to power muscles (diaphragm for breathing) is lost very soon.
Having the electron chain backed up at least makes NADPH abundant enough. The toxicity of cyanogen
chloride, bromide and iodide is thus the same as cyanide. There is a difference in that hydrogen cyanide is
more lethal in high concentrations for short times than it is with lower concentrations and longer times,
where concentration times time is equal in both cases. Cyanogen chloride or bromide, because of its
mechanism being slower, will build its dose over time, in lower concentrations than cyanide can act.
Cyanide antidote kits are another matter though. It's not some "no-brainer" that one just takes the
antidote when they see that they're poisoned. Some of the components must be taken intravenously, which
is tricky, especially when time is tight. The usual strategy is to get hemoglobin to be a superior
sequesterer of cyanide by oxidizing its iron to +3, methemglobin, using a nitrite ester inhalation or
sodium nitrite injection. This then gathers cyanide from the cytochrome iron and allows it to resume
transporting electrons. Excess cyanide then can be oxidized using thiosulfate (thought of that as more a
reducing agent, yes?), injected again, which converts cyanide to thiocyanate and leaves sulfite. Sodium
bicarbonate must be administered to neutralize the lactic acid that is excess when the metabolism goes so
reducing. There are alternatives for gathering cyanide, using vitamin B12 or cobalt carbonyl. With a
poisoning that requires this type of treatment, there is little time to be effective with it and if the poisoning
is of lesser magnitude, just getting oxygen for the person will be suitable. Working in a fume hood,
planning the work and the small amounts that are used in bench scale work, will make cyanogen bromide
procedures safe.
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I.5 Nitrocellulose Decomposition Progression
Commercial nitrocellulose preparations used as lacquers in biological specimen preservation are generally
flakes or cotton with two of the three hydroxyls on glucose in the cellulose sugar chain derivatized as nitro
esters, referred to as 12.5% nitrogen content. This is in a plastic bag, in a steel, paint-type can and wetted
with water and alcohol to reduce static electricity that could cause ignition. This is reactively flammable, but
not as much as the propellant called "gun cotton" which is tri-nitro cellulose. If this is kept at a warm room
temperature over years, the alcohol can slowly evaporate out through the bag and the can, leaving only
water with the plastic. Along with this, a slow hydrolysis of the nitro ester can produce nitric acid, which in
turn, can accelerate hydrolysis of the ester to produce more nitric acid; an autocatalysis. The acid can slowly
hydrolyse the cellulose to glucose, nitroglucoses and various other polysugar polynitro esters. The acid can
also dehydrate sugars to form furans, which are part of the discoloration observed, from white to yelloworange, commonly. An advanced degraded material can have enough nitric acid present to allow the
material to fully hydrolyse to glucose and nitric acid when it is added to water.
An old and unopened can may show no material discoloration, and still have alcohol present, but start to
show acid corrosion of the inside of the can. A yellowed sample can have a distinct "acid" odor that is of
nitric and "acetic-like" character. A sour sample such as this is a candidate for disposal by hydrolysis,
neutralization and sewer. In a more advanced state of decomposition, acid catalysed rearrangement of
pyranose to the furanose isomer of glucose and acid-induced dehydration of this to furan derivatives occur.
The furan is more susceptible to oxidation by nitric acid than is a sugar. Such oxidative action can form
gases such as nitrogen oxides and carbon dioxide, along with carbon in a complex pathway. The gases can
dissolve in the gummy furan mixture and build-up pressure that ultimately bulges the can, expands as a
foam, that leaks out of seams or holes, and finally blows off the can lid and spray some gummy liquid all
over the surroundings.
Such is the explanation for the finding of a bent lid, bulged can, plastic foam extruded out the cracks
and stained, varnished wood in a locker for chemicals in a room that was usually at —35 °C. In the open
can was a foam-like charcoal formation. No indication anywhere that a very high temperature (the paper
label was not browned), explosion or flame (no soot above the can) had been present. The bulging of the
can could have been rapid and the contents could have been fairly warm, even hot to the touch as indicated
by the partial melting of the plastic liner bag. There were no reports of sounds from the locker area, it's
remote in the building and most of the time no one is near anyway.
Three packages of nitrocellulose in three different stages of decomposition in the same locker; a
lesson patiently waiting to be learned by someone.
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Appendix J
Answers to Review Questions
Chapter 2
1.c. carcinogen
2.c. below 38 °C (100 °F)
3.d. pyrophoric
4.a. kidney
5.b. pregnant women
6.b. where the chemical contacts the body
7.c. more toxic
8.d. all of the above
9.d. acute toxicity
10. c. sensitized
11. b. inhalation
12. e. all of the above
13. d. nitrites
14. a. true
15. b. false
16. a. true
17. c. chronic
18. a. true
19. a. true
20. d. all of the above
Chapter 3
1.c. protect individuals who work with laboratory chemicals.
2.a. keeping waste solvent collection carboys capped.
3.b. using the sanitary sewer for disposal of items only listed in Appendix A or Chapter 7 of this Guide.
4.c. releases to the environment of any quantity are to be reported to the Safety Department.
5.a. do research or field studies that may have an impact on the environment.
Chapter 4
1. e. All of the above. Keep your lab neat and clean, stock only the chemicals that you need, have the
proper safety equipment and everyone is trained in safe lab procedures.
2. e. Horseplay and practical jokes in a laboratory are very dangerous, strictly forbidden, unprofessional, and
should never be condoned.
3. e. Before opening any reagents, they should be dated, and you should find out all that you can about the
chemical's properties, and have plans for both the proper use and disposal of it.
4. b. Proper lab attire includes closed-toe shoes, safety glasses with side-shields, a lab coat, and gloves
that have been selected on the basis of what chemicals are in use.
5. e. Flammable liquids must never be stored in paper cups or any open containers, on a lab bench top, in
refrigerators that are not designed for flammable storage, or in large quantities outside of an approved
storage cabinet or safety can.
6. a. "Always add acid to water, like you oughta"
7. e. Corrosives, according to the OSHA definition, include acids with a pH 2, and bases with a pH ≥12.
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8. e. Anyone using corrosives in a laboratory, must, according to OSHA regulations, wear goggles that form
a seal completely around the eyes, and gloves appropriate for the particular chemicals in use.
9. c. The maximum number of large oxygen, flammable, or health hazard gas cylinders allowed per 500
square foot laboratory area is three.
10. e. Formaldehyde is a potent irritant, a skin sensitizer, a carcinogen, and something you should only use
under carefully controlled conditions, in a properly operating fume hood.
11. e. A chemical fume hood's purpose is to assist in the safe handling of hazardous materials that represent
an inhalation hazard, and to contain small explosions that may occur in certain laboratory operations.
12. d. Students, employees, faculty, staff and the Safety Department all have a part in laboratory safety.
13. c. Employees and students are responsible for reading MSDSs for the chemicals that they work with.
14. b. Call the Safety Department for information on the safety and legal aspects of transporting hazardous
chemicals.
15. d. Use boiling chips or stirbars to prevent bumping.
16. d. A refrigerator that is used to store flammable chemicals should have no spark sources on the inside.
The Physical Plant Electrical Shop can modify an ordinary refrigerator to safely store flammable
chemicals, but the refrigerator cannot be a frost free type.
17. d. Chemicals should not be stored above eye level, on the floor where they can be kicked or where
they can restrict the flow of the sprinkler system.
18. b. An approved flammable storage cabinet is a safe way to store flammable liquids. Cabinets under
fume hoods and biosafety cabinets should never be used to store flammables.
19. c. Wisconsin law requires everyone to wear eye protection in a laboratory.
20. b. A piece of tissue paper taped to the hood sash is a good qualitative indicator of hood function. Call the
Safety Department to get a accurate assessment of your hood's function.
21. f. When working with a particularly hazardous substance, establish a designated area, use an effective
containment device (e.g., glovebox, hood) and always double glove. Never use a brush to dry-sweep
spilled powders.
22. d. All of the above, autoclaves can produce high temperatures which can also boil liquids.
23. b. "For food only." Make it plain and simple.
24. c. Cuts from broken glass.
25. d. All of the above, cold temperatures and hot temperatures can be hazardous.
26. h. All of the above.
27. d. a and c.
Chapter 5
1. b. UW Police and Security will make sure all the responders are notified.
2. c. High Hazard Emergencies are responded to by the Madison Fire Department's Hazardous Incident
Team, with assistance from whomever is responsible for the incident, the building manager, Safety
Department personnel, and UW Police and Security officers.
3. d. All of the above. Don't think of it as, "Just a fire alarm."
4. e. a and d. Class BC fire extinguishers are appropriate for flammable liquids and electrical fires.
5. d. Go to the eyewash station in your lab, and flush your eye for at least 15 minutes, then go to an
emergency room for medical attention. Never wash your eyes with anything but water or a saline
solution.
6. If you suspect that the spill has generated toxic vapors, the answer is a.. If not, the answer is b..
7. b. is the best answer. a. and c. are acceptable in certain situations.
8. d. Close off the room, post warning signs and call Safety.
9. e. All of the above.
10. e. A simple spill should be cleaned up by whomever caused it
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11. d. All of the above
Chapter 6
1. c. Recycling
2. d. Lauryl peroxide
3. c. Detergents, ultrasonic baths, oxidizing agents not containing heavy metals and biodegradable
surfactants
4. d. An incubator
5. c. Off-site recycling and beneficial reuse
6. c. Open burning
7. d. All of the above
8. b. Precipitate heavy metals out of solution
Chapter 7
1. c. Set aside for the Safety Department's On-Site Hazardous Materials Management service. Barium
compounds are regulated under the Toxicity Characteristic Rule.
2. c. via the sanitary sewer to the Madison Metropolitan Sewerage District's Treatment Plant. There the
solution is diluted and subject to physical and biological degradation.
3. d. Ethylenediamine. Hydroxide solutions are preferred for neutralization of all acids and
ethylenediamine is only weakly basic.
4. d. All of the above. Acids and bases can cause tissue destruction on contact, are extremely damaging to
the skin and especially harmful to the eyes. Don't take any chances; protect yourself.
5. b. Call the Safety Department for removal of mercury batteries. Mercury containing components
cannot be disposed in the normal trash.
6. b. Collection of waste organic solvents and their solutes produced in your lab. Phosphate buffer
solutions and some aqueous heavy metal solutions can generally be disposed of in the sanitary sewer.
If something cannot be disposed of in the sanitary sewer it doesn't necessarily mean that it is suitable
for disposal in an incinerator.
7. d. Collected in non-leaking containers that you provide, and labeled properly. Many types of oil used on
campus are recycled, including vacuum pump oil.
8. c. Bag or otherwise contain the wet gel and dispose following procedure On-Site Service I.
Chloroform and methylene chloride are toxicity characteristic chemicals. Allowing solvents to
evaporate for the purposes of disposal is illegal. Placing solid materials, such as silica gel, into
carboys will damage the Safety Department's solvent transfer equipment.
9. d. a and c. Recover the spilled mercury following the spill procedure in Chapter 4 of this Guide.
Replacing the thermometer with one that contains alcohol, or better yet, a thermocouple, will
eliminate the need to ever dispose of another broken mercury thermometer.
10. a. Contact the Safety Department for evaluation. Heavy and older electrical equipment may contain
PCBs. Asbestos insulation would not be the primary risk, nor would metals contained in the wiring.
Ignoring the equipment may end up causing serious problems if the equipment was involved in a fire
or began to leak.
11. b. In special sharps containers as described in Chapter 9.
12. a. True
13. b. Appropriate disposal procedures for waste laboratory chemicals.
14. a. True
15. c. Fuming nitric acid
1 6 . a. True
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Chapter 8
1. e. List on the pink form any infectious agents or toxic chemicals that may be in the waste animal
tissue. Disposal of radioactive waste does not use a pink form
2. b. Consult the University Radiation Safety Regulations binder
3. c. In a fume hood, drain the solution into the sanitary sewer, rinse tissue thoroughly with water, then
dispose of the tissue according to the Safety Department's Animal Tissue Disposal Service
4. a. Agents assigned to Biosafety Level 2 or 3 according to Biosafety in Microbiological and Biomedical
Laboratories
5. d. All of the above
6. a. Bagged, boxed, frozen solidly with the proper disposal form attached and set out on the loading
dock on the proper morning
7. d. All of the above
8. c. Only the Madison Energy Recovery, Incorporated facility
Chapter 9
1. d. Is safe, effective, and available free of charge to all at risk employees.
2. c. HBV
3. b. false
4. b. false
5. a. true
6. b. hepatitis following transfusion of blood or blood products.
7. e. all of the above.
8. d. blood contact with an open cut or wound on your hand.
9. d. HBV
10. b. vomitus
11. d. Do not remove, cut or bend your syringe needles before disposal. Recap your syringe needles only
if a specially designed recapping device is used.
12. d. A puncture resistant sharps container is the only safe way to contain needles, syringes with needles,
razor blades and scalpel blades for disposal.
13. d. All of the above; it is important to use a strong cardboard box, put packing tape on the edges and
corners of the box and label the box as glass for disposal.
14. c. A strong cardboard bos, custodians have been injured by plastic pipette tips disposed of in
wastebaskets
15. a. true
16. a. true
17. b. false
Appendix B
1. c. To all UW laboratories that use hazardous chemicals.
2. b. If there is reason to believe that someone is routinely exposed to a hazardous chemical.
3. c. Should have a Chemical Hygiene Plan that covers the chemical hazards that they work with.
4. d. All of the above.
5. c. If they exhibit signs or symptoms associated with a hazardous chemical they may have been
exposed to.
6. b. Should be readily accessible to everyone who works in the laboratory.
7. d. Require an appropriate physical and fit test before they can be used safely.
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INDEX
A

accident reporting, 1, 70, 125
acids, 154
neutralization, 164 - 168
strength table, 165
acrylamide, 154
acute toxicity, 31, 313, 314
acute toxicity classes, 32
administrative controls (fume hoods), 95
aerosol cans, 154, 159
air emissions from laboratories law, 71
allergens, 19
anesthetics, 19
animals, working safely with, Chapter 8

animal tissue disposal, 193
caustic digestion, 197
laboratory animal safety, 189 - 193

aqueous solutions, 154
asphyxiants, 19
autoclave safety, 117
B
bases, 155

neutralization, 168 - 169
strengths, table, 166
batteries, 155
benzene, 101

binary mixture hazard, 332
biohazardous waste disposal
animals, 195
sharps and glass disposal, 220
biosafety cabinet (BSC), 90, 92, 97
Biosafety Committee, 6
Biological Safety Office, 2
bleeding (emergency), 134
blood toxic agents, 19
bloodborne pathogens, Chapter 9
bloodborne diseases, 204 - 205
compliance methods, 207
disinfection, 215
exposure control plan, 206
post exposure evaluation, 211
boiling point, 8
building manager, 1
burns, 134

carboys, 172 - 174
disposal form (green form), 175
guidelines, 172 - 174
tag (flammable liquid), 175
white, square, 172
yellow, square, 172
carcinogens, 19, 98, 155
select carcinogen list, Appendix D
caustic digestion of animal tissue, 197
centrifuge safety, 107 - 108, 214 (blood)
chemical allergy, 19
Chemical and Radiation Protection, 3
chemical carcinogens and mutagens, 98, 122, 155
chemical compatibility, Appendix F
chemical waste disposal rules (EPA), 68
Chemical Hygiene Officer, 1
chemical hygiene plan, 24, 60, 303
OSHA Laboratory Standard, Appendix B
template, Appendix C
chemical release (see spills)
Chemical Safety Committee, 5
chemical safety laws, Chapter 3
EPA Hazardous Waste Law, Appendix H
OSHA laboratory standard, Appendix B
OSHA Particularly Hazardous Substances,
Appendix D
storage and use of flammable liquids, 83 - 86
chemical sharps and glass disposal, 220
chemical spill and release laws, 69
chemical splash, 132, 133
chemical substitution, 146, 144 (table)
chemically contaminated animal tissue, 197
chromic acid, 147, 168
chronic toxicity, 33
Clean Air Act, 71
clothing (protective), 87, 135
combustible, 8
compatibility categories chart, Appendix F
compressed gases, 14, 109
cylinders, 14, 109, 159 - 160, 185
disposal, 158 - 160
flammable, 110
lecture bottles, 110, 185
storage, 109
contact lenses, 87, 133
containment, 329 (Appendix F)
contaminated labware, 152, 160 - 162
corrosives, 20, 102

C
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Index
Corrosivity (EPA waste), 343
cryogenic liquids, 14, 111, 133 (spills)
cyanide salts, 156
D
decontamination (spills), 135 - 137, 140
bloodborne, 215
degradation (glove), 89
Department of Transportation (see DOT)
disinfection, bloodborne pathogens, 215
disposal (hazardous waste)
alphabetical chemical list, Appendix A
In-Lab Chemical Management, 154 – 182
distillation, 104, 116, 149
E
electrical safety, 112
embryotoxin, 22
emergency, Chapter 5
high hazard (major), 130- 132
hydrofluoric, 136
injury, 132- 134
major, 130- 132
mercury, 136
minor, 134- 136
notification, 70, 125
response, 129, 130, 135, 140
empty bottle disposal, 218, 219
empty container, 67
Environmental Health, 5
environmental impact statements, 72
Environmental Protection Agency (see EPA)
environmental toxins, 21
EPA hazardous wastes, 65, 343
equipment safety, 106 - 118
ethidium bromide, 100, 105, 157 - 158
ethylene oxide, 111
explosions, 132
explosive limit, 8
explosives, 13, 158 (disposal)
exposure
factors, 17
hazard exposure guidelines, 33 - 35
reducing, 90 - 95
risk assessment, 35, 46 - 49
routes of, 15- 17, 31
eye protection, 86, 132, 135
animal use, 192
bloodborne pathogens, 208
laser, 283
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F
fetotoxin, 22, 97
fire, 131
fire extinguishers, 131
first aid, 132 - 134
flammable, 8, 83 - 86, 110
gases, 110
solvent disposal, 158
storage and use, 63, 83 - 86, 110
flash point, 7
formaldehyde, 101
frozen glass stoppers, 112
fugitive emissions, 145
fume hoods, 90 - 95, 97, 114
air flow guidelines, 93
inspection, 92
types of, 93 – 94
G
gas cylinders, (see compressed gases)
gases in aerosol cans (disposal), 159 - 160
General Safety, 3
General Safety Committee, 6
generator (waste), 64
glass and plastic disposal, 218, 219
glass stopper, frozen, 112
glassware, 113
clean glass disposal, 218, 219
contaminated, disposal, 160 - 162, 219 - 220
glove chemical resistance chart, 88
gloves, 87 – 89
H
hand protection, 87, 135
Hazard Communication Standard (HAZCOM), 61
hazard exposure guidelines, 33
hazards, binary mixture, 332
hazardous glass and plastic disposal, 218, 219
hazardous material (see hazmat)
Hazardous Materials Information System (HMIS)
hazardous waste, 65, 343
characteristics (EPA), 65, 161
disposal (prohibited methods), 68, 345
neutraliz/ treatment, 146
sewer use, 69, 151, 177- 181
sharps / laboratory glass, 216 - 219
storage, 344, 345
TCLP, 65, 161, 343, 344
health hazards, 15 – 24
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Index
ingestion, 16
inhalation, 15
injection, 17
skin / eye, 16
heating equipment hazards, 113 - 114
hepatitis
Hepatitis B (Hep B or HBV), 204
Hepatitis C (Hep C or HCB), 205
Hepatitis B immunization, 211
research labs using, 210
hepatoxic agents, 21
high hazard (major) emergency, 130 - 132
HMIS, 27, 55
Hospital Safety Office, 5
housekeeping, 79
human carcinogen, 19
Human immunodeficiency virus (HIV), 205
hydrofluoric (HF) acid
neutralization, 166
spill, 136
hygiene (in labs), 79
I
ignitability (EPA waste), 343
ignition temperature, 8
import and export of hazardous chemicals, 72
incompatibilities, Appendix F
acid, 330 - 331, 335
base, 336
strong oxidizer-reducer, 333 - 335
toxic gas generation, 335 - 336
water reactive, 336 - 339
individual generator site, 60
infectious agents in animals, 191
inhalation, 15, 134 (spills)
injuries, 134
inorganic chemical disposal, 160
instrument / equipment safety, 106 - 118
inventory (chemical), 80, 144
irritants, 21
L
labels, 26 - 29, 82, 288
chemical container, 82, 288
DOT label, 26
NFPA label, 26, 56
HMIS label, 27 - 29, 55
laboratory
animal precautions, 189 - 193
clean-outs (disposal), 186

emergency information poster, 127
hygiene, 79, 208 (blood)
laboratory safety survey, 78, Appendix E
labware, contaminated, 160 - 162
lecture bottles
disposal, 159
precautions, 110
Less is better! (waste minimization), 142
lethal concentration, 32, 40
lethal dose (acute toxicity), 32, 40
Lifesaving Station, 5
liquid disposal, 163
lung toxic agents, 22
M
Madison Energy Recovery, Inc (MERI), 196, 220
Material Safety Data Sheet (see MSDS)
medical waste, 219
mercury, 58, 106, 136, 148, 163
disposal, 104, 163
spills, 136, 137
thermometer, 137, 148
waste minimization, 148
metals, toxic, 164
microscale chemical procedures, 142
MSDS, 24, 288
mutagens, 23, 122, 155 (disposal)
N
911 (emergency phone #), 1, 125
National Fire Protection Association (see NFPA)
needles, 207, 240
nephrotoxic agents, 22
neurotoxic agents, 22
neutralization, 146, 164 - 169
acid, 165 - 168
base, 168- 169
example calculation, 167
procedures, 164- 165
NFPA, 26, 56
non-point source discharges, 72
normal trash (disposal), 169 - 171, 218 - 219
notification, emergency, 125, 127
O
Occupational Health, 3
Occupational Health Committee, 6
Occupational Safety & Health Administration (see
OSHA)
oil disposal, 172
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On-Site Hazardous Materials Management
Service, 172, 183 - 186
OPIM, Chpater 9 (bloodborne pathogens)
organic solvents (disposal), 172 - 174
distillation, 104, 149
disposal, 172 - 174
organic chemical disposal, 172
organic solvent carboy collection, 172 - 174
OSHA Lab Standard, 59, Appendix B
Chemical Hygiene Plan, 24, Appendix C
employer responsibilities, 59, 76
standards for specific chemicals, 61
statute 29 CFR 1910.1450, Appendix B
OSHA-regulated chemicals, 61, 101, Appendix B
osmium tetroxide, 102, 176 (disposal)
Other Potential Infectious Material (see OPIM)
overexposure, chemical, 31
oxidizers, 9, 103, 333 – 335
P
particularly hazardous substances, 24, 61 , 95 - 97,
Appendix D
permeation (gloves), 89
peroxide-forming chemicals, 12, 103 - 105
distillation, 104
formation, 12, 103
testing, 104
personal protective equipment (PPE), 86 - 90, 131
animal handling, 192
bloodborne pathogens, 208
(for) spill clean-up, 135
personal risk analysis, 22, 46 - 49
pesticides, 62
physical hazard, 7
plants suitable for incineration, 199
poisons, 100
pollution prevention, 141 - 148
polychlorinated biphenyls (PCBs), 69, 176 - 177
pressurized system hazards, 114
primary anesthetic, 19
product substitution, 146 - 148
prohibited disposal methods, 68, 145, 178, 345
protection, spills, 135
pyrophoric chemicals, 11, 103
R
radiation safety, Chapter 11
Radiation Safety Committee, 6
radioactive waste disposal
animal tissue disposal, 197
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sharps / glass, 220
radioactive material in animals, 191
reactive, 10, 102
water reactive, 10, 336 - 339
reactivity (EPA waste), 343
recombinant DNA in animals, 191
recycling of chemicals, 149
redistribution of surplus chemicals, 143, 149, 185
refrigerators, flammable liquid, 85 - 86
refrigerator / freezer considerations, 116
reproductive health hazards, 22, 23, 97, 98, 312
mutagen, 23, 98
teratogen, 23
reproductive toxins, 22, 97, 312, 313
Research Animal Resources Committee, 189
respirator, 16, 43, 87
respiratory protection, 87
Resource Conservation & Recovery Act (RCRA),
63 - 69
responsibilities for safety, 76 - 77
employees, 76
faculty, 76
instructors, 76
Safety Department, 76 - 77
risk assessment, 22, 35, 41, 46- 49
Risk Management and Property Control, 5
S
safe laboratory practices, 77 - 78, 213 - 215, 333
Safety Department, 2, 76
sanitary sewer, 67, 69, 151, 177 - 181
disposal procedures, 177 - 182
satellite accumulation, 67
select carcinogens, 24, 61, 98 - 100, 122, 311 312, 318 - 322
sensitizer, 19
sewer disposal, 67, 69, 177 - 181, 198
sharps disposal, 216, 217
biohazardous, 220
chemically contaminated, 220
collection containers, 217, 220
radioactive, 220
shock-sensitive, 13, 103, 355
sites of action, 31
skin contamination, 132
skin protection, 87 - 90, 135
smoke inhalation, 134
solids disposal, 182
solvents, collection, 172, 186

Laboratory Safety Guide

380

Index

source reduction (chemical), 142
spills, 65 - 67, 132 - 137, 140
assessing, 129
cleanup, 67, 135, 140
clothing, 135
cryogenic material, 133
eye splash, 133
human blood, 223
hydrofluoric (HF) acid, 136
major (high hazard), 130 - 132
mercury, 106, 136, 137
personal protective equipment, 135
prevention & countermeasures (SPCC), 69, 74
preparation, 127 - 129
skin, 132- 133
simple, 134, 135
storage, 81 - 83, 330 - 332
cabinets, 330
chemical, 81, 330
combustible, 63, 83 - 86, 330
corrosives, 102, 330 - 332
flammable, 63, 83 - 86, 330
liquids, 330
stormwater, 73
substitution of safer chemicals, 146 - 148
surplus chemicals, 143, 345
Surplus Chemical Form, 184
surveys / audits, 78, Appendix E
syringe safety, 207
systematic effects, 31

transportation, 80
live animals, 193
treatment (chemical waste), 70, 150, 154
U
unknowns (disposal), 182
UN number, 304
V
vacuum system hazards, 115
volatile organic compounds (VOCs), 71
W
waste
animal tissue disposal, 193
disposal (EPA), 68, 69
waste minimization, 68, 149, 149
water-reactive, 10, 103
weighing toxic chemicals, 96 - 97
work practices, controls, 95

T
teratogen, 23
thermometers, broken, mercury, 137, 163
toxic chemicals in animals, 190
Toxic Substances Control Act (TSCA), 72
toxicity, 31-33
acute, 31
chronic, 33
Toxicity Characteristic Leaching Procedure
(TCLP), 65-66, 161, 343, 344
toxicology, 30 - 36
exposure routes, 31
site of action, 31
toxins
environmental, 21
reproductive, 22, 97
training, 397, Appendix G
bloodborne pathogens, 203, 212
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