
3  Radiation Protection Standards

3.1  Background to Current Standards
Radiation protection standards evolved as knowledge of the potential effects became understood.  As noted in
Chapter 2, early on there were indications that acute radiation exposures produce damage.  The first x-ray exposure
guidelines suggested that whole body exposures be limited to doses in the region of approximately 10 rem per day
to reduce the risk of workers suffering any of these obvious injuries.  For example, in 1925 Arthur Mutscheller
recommended a tolerance dose (i.e., a dose that the body was expected to tolerate with no immediate nor long-term
detrimental effects) equivalent to approximately 0.2 roentgen per day (50 roentgen per working year).  This dose
was based on 1% of the quantity known to produce a skin erythema per month.  In the same year, Rolf Sievert
suggested a tolerance dose of 10% of the skin erythema dose.  The association of x-ray exposure with injury also
led to somewhat spotty use of x-ray technique factors designed to reduce the patient (and staff) x-ray exposure.

Also, during the 1910s and early 1920s, American, British, and German radiological societies recommended the
adoption of radiation protection standards for x-ray and radium exposure.  However, one problem for setting
standards was that there were no uniform methods for measuring or controlling the amounts of radiation to which
physicians and researchers were exposed.  While as early as 1907, some researchers were advocating the use of
photographic plates (early precursors of the film badge) to measure radiation exposure, there was the question of
how to equate a film darkening with radiation exposure.  To address this issue, the First International Congress of
Radiology met in London in 1925 and established a committee to develop and reach international agreement on a
standard method and unit to measure radiation exposure.  In 1928, the Second International Congress on Radiology,
defined and adopted the roentgen as a measure of x- or gamma radiation exposure in air and also established the
International Commission on Radiation Protection (ICRP).  Film badges correlated to this exposure standard also
began to be used for routine personnel monitoring.

The U.S. Advisory Committee on X-ray and Radium Protection along with other groups began investigating the
tolerance dose previously advocated.  In 1936 they recommended reducing Mutscheller’s tolerance dose by half to
approximately 0.1 roentgen per day (30 roentgen per 300 workday year).  The committee believed that levels of
radiation below the tolerance dose were generally safe and unlikely to cause injury in the average individual.
Studies of biological effects of ingesting radium (e.g., radium dial painters) led to the 1941 recommendation that 0.1
microcurie of radium be the maximum permissible body burden.  Some investigators even recommended that the
permissible level for external exposure be reduced to 0.02 roentgen per day (about 5 rem per year).  Thus, radiation
safety in the 1930s and 1940s was characterized by concern for the possibility of radiation injury and a trend of
lowering acceptable exposure levels to reduce the potential long-term health risks to workers.

The atomic bomb development project of World War II also served as a testing ground for these standards.
During the three years of the project, a great amount of biological research was conducted.  In 1946 several men
were killed in a laboratory accident when they were acutely exposed to very large amounts of radiation.  However,
no one else was  seriously injured by radiation during that entire Manhattan Project, a clear demonstration that the
standards were indeed effective.

The dawning of the "atomic age" made radiation safety more complex because nuclear fission created many
radioisotopes that did not exist naturally and aboveground testing meant that the potentially exposed population was
all individuals in the country.  At the same time, experiments in genetics indicated that reproductive cells were
highly susceptible to damage from even small amounts of radiation.  This led many scientists to reject the concept
of tolerance dose.  Because of this, in 1946, the National Council on Radiation Protection (NCRP) replaced the term
“tolerance dose” with “maximum permissible dose” and recommended a reduction of the permissible dose for
radiation workers from 0.1 roentgen in a day to 0.3 roentgen in a six-day work week.  This new limit was measured
by exposure of the more radiosensitive tissues, the blood-forming organs, gonads, and lens of the eye.  Higher limits
were still applicable for less sensitive areas of the body (e.g., hands, wrists, etc.).  This new limit was half of the
previous allowance, and permitted up to 15 roentgen of exposure in a year.  The reduction in permissible dose was
not made because of any observed effects or new knowledge but because it was practical, prudent and could be
done without a great increase in cost.  Also in 1946, an upper limit for exposure of children in the population was
recommended.  This limit was to be not more than 1/10 of that for radiation workers.  Since children could not be
separated from adults as far as radiation control practice is concerned, this essentially meant that all members of the
public would be equally protected with an extra safety factor of ten compared with radiation workers.

The generation from 1945 to 1975 saw the effects of radiation weapons on large, unprepared populations  and, as
the cold war developed, there was an increase in above ground nuclear testing.  This testing produced radioactive



fallout that spread far from the test sites.  Scientists disagreed sharply about how serious a risk fallout posed to the
population.  However, one result of animal studies, the atomic bomb survivor studies and increasing fallout levels
from above ground nuclear testing was a fear that the increased nuclear fallout might have a detrimental effects on
the world’s genetic pool, increasing the rate of birth defects and (possibly) cancers in the world's population as a
whole.  For this and other reasons, many nations agreed to an above ground nuclear test ban which ultimately
became universally accepted.

The fallout debate sensitized the public.  Responding to increasing public concern and increased knowledge of
the biological effects of acute doses of radiation, the NCRP and the International Commission on Radiological
Protection (ICRP) lowered their recommended permissible levels of exposure.  They recommended limits for
occupational exposure be an average of 50 mSv (5 rem) per year and that public levels be restricted to 1/10 this
level (5 mSv [0.5 rem] per year).  Additionally, for genetic reasons, they stipulated that the average level for large
population groups should not exceed 1/30 the occupational limit (i.e., 0.17 rem per year or 5 rem per 30 years).  In
1995 this population limit was reduced to 1 mSv (0.1 rem) per year.  Subsequent studies have shown that, at moder-
ate and high doses (i.e., > 0.1 - 0.5 Sv [10 - 50 rem]), radiation is a weak carcinogen, that it can increase the risk of
cancer.  It is not known if low doses are also carcinogenic but, for planning and design purposes, the assumption is
made that there could be some small risk associated with low doses of radiation (see 2.7 and 2.8).

Thus, during the past 100 years there has been continuous study of ionizing radiation so it can continue to be
used within acceptable limits of safety and with freedom from fear of injury.  Because of the confidence we now
have in our understanding of the biological effects of radiation and in our capabilities for properly measuring it,
ionizing radiation today is among the least threatening of the carcinogenic agents to which people are exposed.

3.2  Natural and Man-made Background Radiation Levels
In reality, nuclear weapons and nuclear power contribute less than
0.3% (Figure 3-1) to the population’s radiation exposures.  Besides
medical and consumer product sources of man-made radiation
(e.g., x-rays, TVs, smoke detectors, etc.), the population is
constantly being exposed to a background of low-level natural
radiation.  In the United States, the average radiation dose to the
population from both natural and man-made sources is 3.57 mSv
(357 mrem) per year.  Of this average dose, approximately 82% or
2.94 mSv (294 mrem) per year comes from naturally occurring
sources and 0.63 mSv (63 mrem) per year comes from man-made
sources.  Natural background sources of radiation are composed of
four major components while man-made exposure is primarily due
to medical radiation sources.  Table 3-1 provides a summary of the
average U.S. population dose from these sources.

Cosmic radiation consists of high-energy particulate radiation
produced in stars and our sun that bombards the earth and makes some atoms in the upper atmosphere radioac-
tive.  Carbon-14, a radionuclide produced via the 14N(n,p)14C reaction, diffuses to the lower atmosphere to be
incorporated in living matter.  Other nuclides similarly produced include 3H, 36Cl, and 41Ca.  To some extent,
radiation made by cosmic rays in the upper atmosphere is absorbed by the lower atmosphere, so the exposure
from cosmic rays depends upon how near one is to outer space and the outer atmosphere.  For each 13 mile of
altitude, the cosmic ray exposure doubles.  Denver, at an altitude of one mile, has a cosmic radiation exposure of
about 0.5 mSv/yr (50 mrem/yr) compared to an exposure of about 0.25 mSv/yr (25 mrem/yr) at sea level.
Similarly, air travel results in an average exposure of approximately 5 μSv (0.5 mrem) per hour of flight.
Terrestrial radiation consists of penetrating x-/γ-rays that result from radioactive decay of naturally occurring,
primordial radioactive materials (e.g., potassium, uranium, thorium, etc.) in the earth's crust.  If you scraped off
one square mile of the earth’s surface to a depth of one foot and extracted all of the radioactive material, you
would find, on average, 3 tons of uranium, 6 tons of thorium, and one gram of radium.   A truck load of typical
sand, gravel or concrete contains about 37 MBq (1 mCi) of radioactivity.  Since terrestrial radioactivity  depends
on geology, the exposure from terrestrial sources is greater if one lives near large sources of naturally occurring
radioactive materials like granite-type mountainous areas or near erosion deposits from these sources as opposed
to near calcite-type (e.g., limestone) deposits.  Additionally, because most building materials contain some small
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amounts of radioactivity, remaining indoors would only
reduce a person’s terrestrial dose by about 20%; the
remaining 80% of the exposure would emanate from
the housing materials.
Radon is an inert gaseous element resulting from the
decay of uranium which, as noted above, is abundant  
in the ground.  Radon, and other radioactive gases, can
work their way up from underground and escape the
earth's crust.  Radon and its nongaseous decay products
which may adhere to dust particles, can be breathed in
and be deposited deep in the lungs.  It is believed that,
inside the lungs, the massive energy of the high LET
alpha particles (i.e., Q = 20) and, to a lesser extent, beta
particles resulting from the decay of radon and radon
daughters may cause damage in the exposed lung cells.
Internal radiation exposure results from cosmically produced and naturally occurring radionuclides (3H, 14C,
40K, 87Rb, 210Po, etc.) that are ingested with food and water and treated by the body like non-radioactive
elements.  These radioactive elements are stored in various organ systems and give a long-term, low level radia-
tion exposure to the population.  The major source of this exposure is from 40K, a primordial radionuclide (T2 =
1,280,000,000 yr.).  Potassium is an important part of our body and the food system.  It is incorporated into any
tissues containing potassium and contributes more than 95% of the internal dose experienced by the population.
Thus, every person is to some extent radioactive and the radioactivity in each person is between 5,000 to 10,000
disintegrations per second (5,000 - 10,000 kBq or 0.135 - 0.270 μCi)

The major source of man-made exposure comes from radiation used in medical and dental procedures.  Because this
population exposure source is one which technologic innovations may be able to reduce, significant research effort
is expended on developing systems which will provide the needed diagnostic information or treatment with the least
amount of radiation exposure.  However, it must be remembered that medical radiation exposure carries with it
potentially significant benefits, namely the diagnosis and treatment of certain injuries and diseases.  Additionally,
even though a reduction in medical exposure may seem significant, when viewed against the entire background
radiation exposure, a reduction may actually be insignificant.  Medical radiation averages approximately 0.4 mSv
(40 mrem).  Consider the results of a 10% reduction.  This is only 0.04 mSv (4 mrem) which, when compared to the
entire population dose is really only a 1.1% reduction in average dose.  This reduction could be accompanied by
reducing the number of studies / films for certain symptoms and may result in more diseases being misdiagnosed,
resulting in increased deaths.  Thus, not only might such a reduction be costly in societal terms, but it would not
appreciably change (i.e., 1.1%) the population dose.

Other consumer products contribute very small exposures to the average population and depend greatly upon
location, life style, etc.   Some of these exposure sources include:  domestic water supply -- 0.01 to 0.06 mSv (1 to 6
mrem); building materials -- 0.036 mSv (3.6 mrem); coal as a power supply -- 0.0003 - 0.003 mSv (0.03 to 0.3
mrem); nuclear as a power supply -- < 0.0005 mSv (< 0.05 mrem); natural gas for heating/cooking -- 0.003 mSv
(0.3 mrem); television receivers -- < 0.01 mSv (< 1 mrem); and smoke detectors -- < 0.00001 mSv (< 0.001 mrem).

Thus, with radioactivity and radiation, the question is not one of zero activity, but rather how much is
acceptable.  No radioactive material has significant health consequences in extremely low quantities, even when it is
inside our bodies, and all radioactive material can have serious health consequences in sufficiently large quantities.

3.3  Regulation of Radiation
The use of atomic bombs against the Japanese cities of Hiroshima and Nagasaki in August 1945 ushered in a new
historical epoch, proclaimed in countless news reports, magazine articles, films, and radio broadcasts as the "Atomic
Age."  Within a short time after the end of World War II, politicians, journalists, scientists, and business leaders
were suggesting that peaceful applications of nuclear energy could be as dramatic in their benefits as nuclear
weapons were awesome in their destructive power.  Ideas for the civilian uses of atomic energy ranged from the
practical to the fantastic.  Consider, for example: atomic-powered airplanes, rockets, and automobiles; large electri-
cal generating stations; small home power plants to provide heat and electricity in individual homes; and tiny atomic
generators wired to clothing to keep a person cool in summer and warm in winter.
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3.3.a  Atomic Energy Commission (AEC)
However, even the most enthusiastic proponents recognized that developing nuclear energy for civilian purposes
would take many years.  The Atomic Energy Act of 1946 showed that the government's first priority was to
maintain strict control over atomic technology and to exploit it further for military purposes.  The act acknowledged
the potential peaceful benefits of atomic power but emphasized the military aspects of nuclear energy, underscoring
the need for secrecy, raw materials, and new weapons production. The 1946 law didn't allow for private, commer-
cial application of atomic energy; rather, it created a virtual government monopoly of the technology. To manage
the nation's atomic energy programs, the act established the five-member Atomic Energy Commission (AEC).

In 1954, Congress passed new legislation that, for the first time, permitted the wide use of atomic energy for
peaceful purposes.  The 1954 Atomic Energy Act redefined the atomic energy program by ending the government
monopoly on technical data and making the growth of a private commercial nuclear industry an urgent national
goal.  The measure directed the AEC to encourage widespread participation in the development and utilization of
atomic energy for peaceful purposes.  At the same time, it instructed the AEC to prepare regulations that would
protect public health and safety from radiation hazards.  The 1954 act thus assigned the AEC three major roles: to
continue its weapons program, to promote the private use of atomic energy for peaceful applications, and to protect
public health and safety from the hazards of commercial nuclear power.  Those functions were in many respects
inseparable and incompatible, especially when combined in a single agency.  The competing responsibilities and the
precedence that the AEC gave to its military and promotional duties gradually damaged the agency's credibility on
regulatory issues and undermined public confidence in its safety program.

The Atomic Energy Act of 1954 resulted partly from perceptions of the long-range need for new energy sources,
but mostly from the immediate commitment to maintain America's world leadership in nuclear technology, enhance
its international prestige, and demonstrate the benefits of peaceful atomic energy. It infused the atomic power
program with a sense of urgency, and in that atmosphere, the AEC established its developmental and regulatory
policies.  The eagerness to push for rapid civilian nuclear development was intensified by a desire to show that
atomic technology could serve constructive purposes as well as destructive ones. The assertions made shortly after
World War II, that atomic energy could provide spectacular advances that would raise living standards throughout
the world, remained unproven and largely untested.  Mindful of both the costs and the risks of atomic power, the
electric utility industry responded to the 1954 Atomic Energy Act and the AEC's demonstration program with
restraint. Although many utilities were interested in exploring the potential of nuclear power, few were willing to
press ahead rapidly in the face of existing uncertainties.

The AEC's determination to push nuclear development through a partnership in which private industry played a
vital role had a major impact on the agency's regulatory policies. The AEC's fundamental objective in drafting
regulations was to ensure that public health and safety were protected without imposing overly burdensome require-
ments that would impede industrial growth.  The inherent difficulty the AEC faced in distinguishing between essen-
tial and excessive regulations was compounded by technical uncertainties and limited operating experience with
power reactors. The safety record of the AEC's own experimental reactors engendered confidence that safety
problems could be resolved and the possibility of accidents kept to an acceptable calculated risk.  But experience to
that time offered little definitive guidance on some important technical and safety questions, such as the effect of
radiation on the properties of reactor materials, the durability of steel and other metals under stress in a reactor, the
ways in which water reacted with uranium, thorium, aluminum, and other elements in a reactor, and the measures
needed to minimize radiation exposure in the event of a large accident.

3.3.b  Nuclear Regulatory Commission (NRC)
Created by the Atomic Energy Act of 1954, the AEC's regulatory staff confronted the task of writing regulations
and devising licensing procedures rigorous enough to assure safety but flexible enough to allow for new findings
and rapid changes in atomic technology.  However, it soon became apparent that the AEC's judgment on safety
issues could be influenced by its ambition to promote the private development of nuclear power.  As the nuclear
power debate continued, the AEC came under increasing attacks for its dual responsibilities of developing and
regulating the technology. This became a major argument that nuclear critics cited in their indictments of the AEC
saying it was like letting the fox guard the hen house.  One of President Nixon's  responses to the energy crisis of
1973-74 was to ask Congress to create a new agency that could focus on, and presumably speed up, the licensing of
nuclear plants.  After much debate, in 1974 Congress divided the AEC into the Energy Research and Development
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Administration (ERDA) and the Nuclear Regulatory Commission (NRC). The Energy Reorganization Act, coupled
with the 1954 Atomic Energy Act, constitute the statutory basis for the NRC.

Although it may appear that the NRC makes the rules and regulations regarding radiation exposure, actually the
Federal Radiation Council, established in 1959 and consolidated into the Environmental Protection Agency (EPA)
in 1970, that advise the President with regard to radiation matters directly or indirectly affecting health. When the
EPA's radiation protection guides (RPG) are approved by the President, they have the force and effect of law
because all Federal agencies are required to follow them. The NRC regulations that are applicable to its licensees
must be consistent with the RPGs. Other Federal agencies and their special areas of radiation regulation include:

Food and Drug Administration (FDA) approves new radioactive drugs and devices (e.g., x-ray , ultrasound, etc.)
under Title 21, Code of Federal Regulations (CFR).
Occupational Safety and Health Administration (OSHA) regulates workplace exposures in Title 29 CFR.
Postal Service (USPS) regulates delivery of radioactive material through the mails in Title 39 CFR.
EPA regulates the emission of radioactive material to the environment under Title 40 CFR.
Department of Transportation (DOT) regulates radioactive material transportation under Title 49 CFR.

When areas of jurisdiction overlap, conflicts are usually resolved by agreements, called memoranda of
understanding (MOU), between the Federal agencies involved via division or delegation of authority.  An example
of one such conflict involved the use of radiopharmaceuticals in nuclear medicine (see Chapter 13).  As radioactive
drugs these materials are governed by both the FDA and the NRC. On February 9, 1979, the NRC published a
policy, Regulation of the Medical Uses of Radioisotopes; Statement of General Policy regarding the regulatory
authority.

Many Federal and state agencies regulate exposure to radiation and radioactive material. The NRC promulgates
its regulations in Title 10 CFR (Energy).  Title 10 CFR has various parts dealing with specific areas of byproduct
material use, for example:

Part 19 Notices, Instructions, and Reports to Workers; Inspections
Part 20 Standards for Protection Against Radiation
Part 21 Reporting of Defects and Noncompliance
Part 30 Rules of General Applicability to Licensing of Byproduct Material
Part 31 General Domestic Licenses for Byproduct Material
Part 33 Specific Domestic Licenses of Broad Scope for Byproduct Material
Part 35 Human Uses of Byproduct Material
Part 36 Licensing and Radiation Requirements for Irradiators
Part 61 Licensing Requirements for Land Disposal of Radioactive Waste
Part 71 Packaging and Transportation of Radioactive Material

The congressional statute that established the NRC specified that the NRC may regulate only certain types of
radioactive material, primarily reactor-generated byproduct radioactive materials (i.e., radioactive materials
produced by nuclear reactors), source material (e.g., U, Th, or any combination) and Special Nuclear Material (233U,
235U, 239Pu).  Naturally occurring radionuclides (e.g., radium) and accelerator or cyclotron produced radionuclides
(e.g., 18F, 57Co) are not under the control of the NRC.  These are normally regulated by state governments.
Additionally, many states (a total of 31 as of 1999) have assumed the responsibility of regulating byproduct
radioactive material and radiation devices within the state. This leads to several categories of regulation of
radioactive material based on the regulatory agency and types of radiation regulated.

Nonagreement states (Figure 3-2) allow the NRC to regulate byproduct material use within their boundaries.
These states may regulate naturally occurring, cyclotron produced, and other machine produced (e.g., x-ray)
sources. The 18 nonagreement states are: Alaska, Connecticut, District of Columbia, Delaware, Hawaii, Idaho,
Indiana, Michigan, Missouri, Montana, New Jersey, South Dakota, Vermont, Virginia, West Virginia and Wyoming
and the territories of Guam, Puerto Rico, and the Virgin Islands.

Agreement states have entered into an agreement with the NRC allowing the state to regulate byproduct material
within its borders using regulations that are at least as stringent (i.e., equivalent) as the NRC's regulations.  Before
becoming an agreement state, the state must demonstrate to the NRC that it has the capabilities to assume the NRC's
mission within its borders and that the intended regulations are consistent with NRC rules and regulations.  The
NRC periodically inspects each agreement state program to insure consistency with Federal guidelines.  Minnesota
and Pennsylvania are the most recent states to move from being a nonagreement states to agreement states. 
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Licensing states are states that regulate all sources of
ionizing radiation (e.g., byproduct material, cyclotron
produced, naturally occurring, machine produced) within
their borders and meet the "licensing state" criteria that the
Conference of Radiation Control Program Directors
(CRCPD) publishes.  The CRCPD also produces a
uniform set of suggested regulations that may be used by
states' departments of radiological health as guidance for
formulation of state law.  Agreement state status is
approved by the NRC.  Licensing states apply the same
level of oversight to all non-byproduct material as well as
machine-produced sources of radiation within their
borders.  There are 18 licensing states; Illinois is one.

Whether a licensee is in a nonagreement state or an
agreement state will determine the specifics of obtaining a
license to use radioactive materials at the facility.
Although there may be some differences in the forms used, because the purpose of licensing is to assure the
appropriate regulatory agency that the licensee has the necessary skills and equipment to use the requested material
safely in the desired activity, the basic information needed in either case will be similar.  Approximately 22,000
licenses are issued for medical, academic, and industrial use.  Of these, approximately 7,000 are administered by the
NRC; the rest are administered by the agreement states.

3.3.c  Wisconsin Radiation Protection Section
Wisconsin became an agreement state on 1 July, 2003.  The agreement covers all types of byproduct material
licenses except nuclear reactor licenses.  As an agreement state, Wisconsin also regulates other forms of radioactive
material such as naturally occurring (NORM) and accelerator produced (see Chapter 12) as well as the machines
which can produce radiation (x-ray machines, linear accelerators, etc.).  

The State's Radiation Protection Section is located in the Department of Health and Family Services (DHFS)
and their rules and regulations are published in Health and Family Services (HFS) rules as HFS 157, Radiation
Protection.  While these rules are essentially identical to the NRC rules, the specific sections are divided in a
manner which makes rule making for both radioactive material (byproduct, naturally occurring, accelerator
produced) and machine produced radiation. Some of the sections of HFS 157 and their corresponding 10 CFR parts
include:

Subchapter II      Licensing of Radioactive Material (Parts 30, 31, 33)
Subchapter III    Standards for Protection from Radiation (Part 20)
Subchapter VI    Medical Use of Radioactive Material (Part 35)
Subchapter VII   Radiation Safety Requirements for Irradiators (Part 36)
Subchapter X      Notices, Instructions and Reports to Workers (Part 19)
Subchapter XIII  Transportation (Part 71)
Subchapter VIII  X-ray Device Requirements (FDA x-ray guidance)

3.4  Licenses (NRC and Wisconsin)
The type of work being done and the amount of radioactive materials that a licensee will use determines the type of
NRC (byproduct) or agreement state radioactive material license required. There are two broad categories of
licenses: general and specific.

A general license allows physicians, clinical laboratories, and hospitals to use specific small quantities (defined
in 10 CFR 31.11 or HFS 157.11(1)(f)) in certain in vitro clinical or laboratory testing. Such a license may be used
by small radioimmunoassay labs or other labs and is characterized by specific limits of some commonly used radio-
active materials (e.g., 3H, 50 μCi per test; 14C, 10 μCi per vial; 125I, 10 μCi per tube, 200 μCi total). The benefit of a
general license is that it exempts a user from certain specific requirements of 10 CFR 19, 20, and 21 or HFS
Subchapters III and X (e.g., posting, waste, etc.).

A general license does not allow sufficient radioactivity (e.g., <200 μCi of 125I) for an average sized laboratory,
and it does not allow for the administration of radioactive material to humans.  If larger quantities of material or
human use is desired, a specific license is needed.  This type of license is called a specific license because the user
requests use of the specific radioisotopes at specified areas and locations.  The application submitted to the NRC
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contains the desired radionuclides, the maximum quantities to be possessed at any one time, the proposed uses of
these radioactive materials, diagrams of laboratory facilities and handling equipment, training and experience of
users, radiation detection equipment available, external and internal personnel monitoring procedures, and radioac-
tive waste disposal procedures.  The user (either individual or facility) is responsible for compliance with the state-
ments made in the license application.  Normally, a facility conducts the radiation safety program under the
authority of a Radiation Safety Committee (RSC) as implemented by the Radiation Safety Officer (RSO).  There are
two types of specific licenses.

A Specific License of Limited Scope allows the licensee to use radioactive material for specific purposes such
as specific radiopharmaceuticals approved by the FDA, specific nuclides in nuclear gauges and irradiators or to
manufacture commodities / devices containing radioactive material.  The NRC has divided medical uses of radionu-
clides into six groups or categories based on type of medical use (e.g., diagnostic imaging, RIA, radiopharmaceuti-
cal therapy, brachytherapy, teletherapy, etc.) and specifies the requirements for each group in various subparts of 10
CFR 35.  A limited scope license is often used by private nuclear medicine practitioners, smaller hospitals and
research or clinical laboratories which use only three or four radionuclides.  All changes in use (e.g., labs,
quantities, etc.) must be approved by the NRC as amendments.

A Specific License of Broad Scope allows an institution or organization to engage in a broad scope of research
and development activities with quantities and types of radionuclides much greater than allowed under a limited
scope license. There may be several classes of broad scope licenses, Type A, B, and C, the major differences being
the maximum quantity of radioactive material allowed and the mechanism for approving changes to the license.  A
Type A broad scope license allows for the greatest quantity of radioactive material and uses.  It does not limit radio-
nuclides to specific uses, rather it allows the facility, through the Radiation Safety Committee (RSC), to review use
applications from individual staff members and to authorize use of radionuclides on its own initiative.  Essentially
the RSC is given "licensing" authority to license users who meet certain qualifications (e.g., 40 hours training and
experience).  Obviously, such a broad licensure requires the facility to demonstrate to the NRC that it has the staff-
ing, experience, facilities, and controls necessary to safely and properly manage such use. This license is used by
large hospitals and research institutions and represents approximately 3% of the 6,700 NRC-controlled licenses.
The UW-Madison has a Type A specific license of broad scope.

3.5  Standards for Protection Against Radiation (10 CFR 20; HFS 157 Subchapter III)
The basic goal of licensing and radiation protection standards is to insure radiation exposures to workers and
members of the general public are kept ALARA.  Most of the issues relating to exposure control are found in  Title
10, Code of Federal Regulations, Part 20,  Standards for Protection against Radiation or in Wisconsin's HFS 157
Subchapter III, Standards for Protection from Radiation.  A review of these requirements will provide a good under-
standing of elements in the UW’s Radiation Safety Program.

3.5.a  Dose Limits
Subparts B and C of Part 20 and HFS 157.22 and
157.23 address occupational and general public dose
limits, respectively.  These limits, now called Dose
Equivalent, HT  are in Table 3-2   There are also
provisions for planned special (i.e., emergency)
exposures (< 250 mSv or 25 rem) and a requirement
that the dose from any internal exposure from an
uptake (i.e., committed effective dose equivalent) be
added to the external deep-dose equivalent to that
organ and that the resultant organ dose be less than
500 mSv/yr (50 rem/yr).  

Dose summation was recommended in ICRP
Publication 26 (1977), which suggested that, to
prevent nonstochastic effects, a dose equivalent limit
of 0.5 Sv (50 rem) in a year be established for all tissues except the lens of the eye for which a lower limit of 0.3 Sv
(30 rem) in a year should be in effect.  The uniform whole body annual limit of 50 mSv (5 rem) is to limit stochastic
effects.  For non-uniform irradiation, weighting factors were assigned to various individual organs reflecting the
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0.5✝500✝5✝Unborn child of radiation worker
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5050,000500Thyroid
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1515,000150Lens of eye

55,00050Whole body (deep dose)

rem/yrmrem/yrmSv/yrRadiation Worker

Table 3-2.  NRC Annual Dose Equivalent Limits



harm attributable to irradiation of each organ.  Then, the equation for annual dose equivalents in individual tissues
with that for the whole body is:

HE = T wT HT [ Hwb,L

where wT  is the weighting factor for tissue T, HT is the annual dose equivalent in
tissue T, and Hwb,L is the recommended annual dose equivalent limit for uniform
irradiation of the whole body (i.e., normally 50 mSv or 5 rem).  The specific
weighting factors recommended by ICRP 26 and currently being used by the
NRC and Wisconsin's Radiation Protection Section are listed in Table 3-3.  In
1991, the ICRP added 7 additional weighting factors in ICRP Publication 60.
Although not used in the US, these revised factors are:  gonads - 0.2; red bone
marrow - 0.12; colon - 0.12; lung - 0.12; stomach - 0.12; bladder - 0.05; breast -
0.05; liver - 0.05; esophagus - 0.05; thyroid - 0.05; skin - 0.01; bone surface - 0.01; and remainder - 0.05. 

Because of weighting factors and organ dose limits, each licensee is required to consider whether a work
environment will contribute to internal deposition by either inhalation or ingestion.  The annual limits of intake
(ALI) are the amount of a radionuclide (in Bq) which would give a harm commitment to the organs it irradiates
equal to that resulting from whole-body irradiation of 50 mSv (5 rem) in a year.  The actual values for both air and
water are found in Appendix B of Part 20 (Table 3-9 includes an extract of this 10 CFR Appendix) or Appendix E
of HFS 157.  For air in the workplace the licensee must determine the derived air concentration (DAC), the concen-
tration of the radionuclide which would result in a worker receiving an intake of 1 ALI in a year through inhalation.
For members of the general public these tables also include an air concentration limit.  This is the maximum air
effluent concentration (μCi/ml) allowed to be released to unrestricted areas so that the maximally exposed individ-
ual's dose equivalent would not exceed 100 mrem/yr. 

Compliance with dose limit requirements is achieved by monitoring (see Chapter 7) occupationally exposed
individuals and either measuring concentrations in the workplace or quantities deposited in a radiation worker’s
body.  To comply with dose limits for individual members of the general public, each licensee makes surveys of
radiation levels in unrestricted and controlled areas and determines radioactive material concentrations in effluents
released to unrestricted and controlled areas.

3.5.b  Surveys and Monitoring / Laboratory Classification
Each licensee is required to make surveys that may be necessary for the licensee to comply with the regulations and
insure the instruments used are sensitive and calibrated for the radiation.  This paragraph is thus interpreted to
require routine and other types of radiation surveys in the lab as well as being used to cite violations whenever a
spill occurs which is not detected by the lab.

The object of classification is to determine how
often to survey the laboratory.  As noted in Section 1.3
and Table 1-4, surveys are based upon both the hazard
of the radioactive material and the quantity of radioac-
tive material to be used.  While there are several
classes of laboratory facility (e.g., routine chemical
wet lab, lab with fume hood, glove box, etc.), most of
the UW's researchers use dilute quantities of radioac-
tive material in controlled procedures in normal chemi-
cal labs.  The NRC and other US and international
agencies have developed tables of radiotoxicity to aid
in this survey determination.  Table 3-4 includes some commonly used radionuclides and their NRC toxicity level.

The way the lab is classified is based primarily upon the toxicity or hazard group of the radionuclides and  
modifying factors based on the kind of work anticipated by the lab.  For example, Americium-241 has a very high
radiotoxicity, however many smoke detectors use 241Am ion sources and are sold without regulations.  The reason,
the source is small in activity, it is plated on a metal disk, it is part of a device and very difficult to get to.  Thus it is
with modifying factors.  The NRC suggests 6 modifying factors (Table 3-5). 
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Table 3-4.  Radiotoxicity / Hazard Groups



Once the radiotoxicity and modifying factors have been determined, these are compared to quantities of radioac-
tive material to be used in the procedure.  Table 3-6 compares Hazard Groups and activities proposed to determine
survey frequency.  The corresponding survey frequency is:

   Low monthly
   Medium weekly
   High daily

 
For example, a lab is going to use 45Ca in
calcium-ion studies.  This would be a "Complex
wet operation" and have a modifying factor of
0.1.  Calcium-45 is a Group 2 nuclide (high
radiotoxicity -- a bone seeker), so if they use
more than 3.7 MBq (100 μCi --1 mCi x 0.1) at a
time, then they would need to conduct weekly
surveys.  The same survey requirements would
exist for most other Group 2 materials.  Many
labs might do a combination of activities using
several modifying factors.  The initial aliquot to prepare the stock solutions (x 10 factor); followed by the actual
complex procedure (x 0.1 factor).

Workplace classification is essentially identical in concept to survey frequency.  It is based upon radiotoxicity,
activity to be used in a given operation and the type of operation.  Labs are generally classified into one of 3 types:

  Type C   Similar to good quality chemical lab, normal ventilation is usually sufficient
  Type B   Specifically designed for radioisotopes, airborne levels are controlled by totally ventilated fume hoods

and negative pressures are preferred
  Type A  Specially designed and constructed for handling large quantities; glove boxes are preferred.

Table 3-7 breaks out the NRC activity limits for various types of workplaces.  In the case of a conventional modern
chemical laboratory with adequate ventilation
and non-porous work surfaces, it may be possi-
ble to increase the upper limits of activity for
Type C laboratories toward the limits for Type
B for toxicity groups 3 and 4.  Iodinations are
complex tagging operations using high-specific
activity radioiodine, a Group 2 (high radiotox-
icity) radionuclide.  There is usually a high risk
of volatilization.  Thus, the modifying factor
would be x 0.1 (complex).  The allowed activ-
ity in a normal lab (e.g., bench top use) would
be restricted to less than 3.7 MBq (<100 μCi),
activities commonly seen in RIA kits.  Activities greater than this would require use of a fume hood (Type B
workplace).

Contamination, especially in unrestricted areas, is also addressed.  Specifically, contamination found in
unrestricted areas (e.g., outside the lab) should be immediately cleaned to background levels.  If this is not possible,
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x 0.01Dry and dusty operations (e.g., grinding)
x 0.1Exposure of non-occupational persons (including patients)
x 0.1Simple dry operations (e.g., manipulation of powders) and work with volatile radioactive compounds

x 0.1Complex wet operations (e.g., multiple operations, or operations with complex glass apparatus)
x 1Normal chemical operations (e.g., analysis, simple chemical preparations)
x 10Very simple wet operations (e.g., preparation of aliquots of stock solutions)

x 100Simple Storage (stock solutions)
FactorModifying Factor

Table 3-5.  Modifying Factors
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Table 3-6.  Survey Frequency Category
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the surface should be cleaned to the levels in Table 3-8.    The table addresses both fixed and removable contamina-
tion.  Removable is measured using a wipe survey (see Section 7.7).

3.5.c  Storage and Control of Licensed Material
The licensee shall secure from unauthorized removal or access licensed materials that are stored in controlled or
unrestricted areas and shall control and maintain constant surveillance of licensed material that is in a controlled or
unrestricted area and that is not in storage.  Our labs are controlled areas since the UW has the ability to limit
access.  They are also unrestricted areas because we do not limit access for the purpose of protecting individuals
against risks from exposure.  Except for a few rooms which house high-activity 60Co and 137Cs irradiators (see
Chapter 9), there are no high exposure areas.

3.5.d  Precautionary Procedures
The exact wording of any required postings are detailed in 10 CFR 20, Subpart J or
HFS 157 Subchapter X.  Requirements include allowable colors (i.e., yellow and
magenta or yellow and black), various warning words (e.g., Caution, Danger) and the
type of hazard (e.g., Radioactive Materials, Radiation Area, Airborne Radioactivity
Area, etc.).  Nearly all UW radioisotope laboratories are posted with Caution - Radio-
active Materials.  All x-ray labs and open-beam irradiator (see Chapter 9) areas are
posted with other warning signs (e.g., Caution - X-rays, Grave Danger - Very High
Radiation Area).  Subpart J (or Subchapter X) also requires that containers which
contain more than certain quantities (e.g., 3H, 1000 μCi; 14C, 100 μCi; 32P, 10 μCi; 33P,
100 μCi; 35S, 100 μCi; 125I, 1 μCi; etc.) of radioactive material be labeled.  All licensees are required to properly
receive and survey all labeled packages containing radioactive materials received from vendors (see Chapter 8) and
should not refuse packages.  Package receipt requirements are normally performed by CORD.

3.5.e  Waste Disposal
Radioactive materials require cradle-to-grave tracking.  Records are maintained of receipt, use and ultimate
disposal.  Subpart K (or Subchapter III) addresses disposal to licensed disposal facilities, disposal to sanitary sewer
(cf., 5.3.b), decay-in-storage, etc.  The basic goal is to insure that members of the general public are not needlessly
exposed to radiation.  The UW waste packaging and collection program is described in Chapter 5 and Laboratory 2.
Several important issues about sewer disposal are:

Material must be readily soluble in water or be a readily dispersible biological material  in water.
Concentrations averaged over a 1 month period can not exceed specified values (Table 3-9, Sewer Release).
Total annual activity must not exceed:  3H, 185 GBq (5 Ci); 14C, 37 GBq (1 Ci); and the sum of all other radio-
nuclides, 37 GBq (1 Ci) as well as the average concentration limits.
Excreta from patients undergoing medical diagnosis or therapy (see Chapter 13) are not subject to Part 20.

3.5.f  Records
Records are essential for documenting that the radiation safety program is effective.  Although SI units (see Table
1-6) are desired, units used for radiation protection may be curie, becquerel, rad, gray, and / or rem units.  Radiation
protection program records (e.g., surveys, inventories) must be maintained for a minimum of 3 years.  Some records
such as those used to verify ALARA, to determine individual doses (e.g., air sampling, unrestricted area exposure
rates, etc.) or pertaining to disposal of radioactive materials must be kept indefinitely (i.e., cradle to grave).
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Table 3-8.  Acceptable Surface Contamination Levels

Figure 3-3.  Warning Sign



3.5.g  Reports
10 CFR 20, Subpart M and HFS 157, Subchapter III, covers both routine and non-routine reports.  If an incident
occurs (e.g., loss or theft of material, overexposure, etc.) the licensee is required to report the incident to the NRC
within a specific time period.  The actual time period depends upon the magnitude of the event; for relatively low
exposures or losses of very small quantities, the reporting requirement may be within 30 days, for significant events
the reporting requirement is immediate.  All of these reports sent to the NRC become a matter of the public record.

3.6  UW-Madison License and Regulations
The University of Wisconsin has 1 NRC license and 4 State of Wisconsin licenses.  Two specific licenses pertain to
panoramic, open-beam irradiators, one licenses is for the six closed-beam irradiators (see Chapter 9), and the
reactor (see Chapter 12) is still licensed by the NRC.  The (Type A) broadscope license regulates laboratory
research and medical uses of radioactive materials.  This training manual describes the UW radiation safety
program.  Chapter 5 discusses inventory, waste and survey procedures.  Chapter 7 describes our dosimetry program
as well as meter and wipe survey techniques.  Inventory, waste, and survey procedures are also described in
Laboratory 2.  Other aspects of the UW's program are to insure compliance with 10 CFR Part 20 and HFS 157.

3.6.a  ALARA Program
As a safe-sided estimate, it is believed that exposure to radiation may carry some risk.  The linear, no-threshold
model allows one to generalize about the expected number of radiation-induced cancers in a population of exposed
individuals based upon the population’s radiation exposure.  Conceptually, the model predicts that the lower the
total exposure, the lower the number of expected cancers.  While one goal of radiation safety is to keep radiation
exposures ALARA (As Low As Reasonably Achievable), remember the model is applied not only to radiation
workers but to the entire population and the goal is not only that of protecting radiation workers from predicted
cancers, but also includes the goal of reducing the predicted risk of cancers and birth defects in the population as a
whole from radiation exposure.  The University has implemented an ALARA program aimed to keep radiation
exposure to workers and members of the general public ALARA by focusing on two areas:

Control the use of radioactive materials.  Radioactive materials use is strictly controlled.  All orders for radio-
active material must be placed through the Central Ordering, Receiving, and Distribution (CORD) office.  Each
authorized user is allowed sufficient material to perform research, however there are limits established to insure
new receipts of radioactive material are balanced by disposals of on-hand radioactive material.  Workers are
trained on how to safely use and control radioactive materials.
Prevent the spread of contamination.  All lab workers must be sufficiently trained in both radiation safety and
general laboratory procedures to work competently and insure that accidents with radioactive material are kept
to a minimum.  Should accidents occur, the lab personnel are capable of reacting to prevent the spread of
contamination from the laboratory thus keeping exposure to members of the general public low.

3.6.b  ALARA Audit of Principal Investigators
Radiation Safety audits each principal investigator (PI) who is authorized to use radioactive materials to insure that
the laboratory’s radiation safety program and records meet the conditions of our NRC license.  This inspection
reviews both the ability of the lab to document use of radioactive materials by lab personnel and that the required
surveys have been adequately performed.   Specific items checked include:

Regulations available
Laboratory personnel are trained and wearing TLD (dosimeters) if appropriate
Protective clothing (i.e., gloves, lab coats, etc.), absorbent paper in use
Meter and wipe surveys performed in all rooms (see Chapter 7 and Laboratory 2)
Survey meters calibrated by Safety within the past year
Inventory records complete, up-to-date and agree with CORD inventory
Decay and sewer disposals recorded in appropriate logs and reported to CORD at least quarterly
Required postings (Caution - Radioactive Materials, NRC Form 3, emergency phone list, etc.)
Type 1 (see Table 1-4) users (e.g., iodinators and high activity, i.e., > 370 MBq [10 mCi] 14C, 32P, 35S, 51Cr; > 37
MBq [1 mCi] 45Ca, 125I), conduct required surveys immediately after use (see 3.6.d and Chapter 5)

As part of the periodic audit, the auditor also conducts radiation and contamination surveys in the laboratory and
areas outside the laboratory to insure that radiation exposure of non-radiation workers is kept as low as reasonably
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achievable.  After all information has been collected and analyzed, the safety auditor will brief the PI about the audit
results and any radiation safety issues which may be of concern to the NRC and the Safety Department. 

3.6.c  Review of Dosimetry Records
The UW's dosimetry vendor sends the monitoring results to both the research labs and to the Safety Department.  A
Health Physicist reviews all radiation dosimetry reports to insure individual exposures are ALARA.  If a radiation
worker's monthly / quarterly exposure is more than 2 mSv (200 mrem), the dose investigated.  Because others on
campus are doing the same type of procedure, it is unusual for workers to receive higher exposures than the norm.

Each year in March or April, the dosimetry results of the previous year are summed and a report is sent to each
dosimetry group listing each worker's radiation exposure for the past year.  The annual radiation exposure to
University employees (including clinical radiation workers) averages less than 0.2 mSv/yr (20 mrem/yr).  Most
persons working in research labs receive very little radiation exposure.  Certain clinical procedures (e.g., angiogra-
phy, cardiology, etc.) tend to have somewhat higher worker exposures, but even in these clinics, most radiation
exposures are significantly below 5 mSv/yr (0.5 rem/yr).  Thus, if you are being monitored because you may have
the potential to handle stock vials containing more than 37 MBq (1 mC) of an external hazard (see 1.2.g), you may
expect to receive recorded exposures on the order of 0 - 1 mSv (0 to 100 mrem) per year and that higher exposures
will be investigated to insure work is being performed in an ALARA manner.

3.6.d  Bioassay Program
Persons who have the potential to receive internal exposures are enrolled in a bioassay program.   The two radioiso-
topes routinely used which fall under this program are 3H and 125/131I.  Additionally, some research work with 14C
may produce 14CO2 gas and may require additional precautions or bioassays.

Workers who handle large quantities (i.e., total activity > 370 MBq [10 mCi]) of tritium (3H), must submit a
urine sample to Radiation Safety within 7 days of receipt of the 3H stock vial from CORD.  Safety will analyze the
sample for 3H.  Tritium bioassays are submitted weekly until the quantity on-hand decreases to below 370 MBq (10
mCi) or the material is placed in storage (see Chapter 5).   Radioiodine workers who handle Type 1 quantities (i.e.,
> 3.7 MBq [0.1 mCi]) of volatile (sodium) iodine (125I or 131I) or > 37 MBq [1 mCi] of bound iodine), must have
their  thyroid monitored / scanned at the Safety Annex for possible radioiodine uptake.  The results of these bioas-
says are included in the worker's dosimetry records (cf. 3.5.a) and reported annually.

Radioiodine use entails other special requirements (see 5.6.g) including properly vented and approved fume
hoods.  As part of the bioassay program, the Safety Department also routinely monitors the effluent air and the
workplace air to calculate derived air concentrations (DAC), allowable limits of intake (ALI), and effluent air
concentrations.  Because 125/131I limits are based on the maximum volume of air exhausted (i.e., the air
concentration) from a hood, these approved radioiodination hoods should not be turned off, but should be left
running continuously.  Notify Radiation Safety if the hood you use has to be shut down.  The air the worker breaths
is monitored using a breathing zone air (BZA) monitor.  This measures the DAC in an iodinator's work area.  One
activated charcoal BZA filter is delivered with each radioioiodine order.  The filter is inserted in a hose attached to a
vacuum pump which is run continuously while the iodine procedure is being performed.  The time and flow rate are
recorded and the filter is brought to the Annex at the time the worker comes for a bioassay.

The Radiation Safety office also monitors the radioiodine air concentration of the hood effluent at the point of
exhaust from the building and retains all records.  A rooftop iodine monitor (RIM) filter similar to the BZA is
inserted in the stack and continuously traps iodine in the air stream.  After each radioiodine order the filters are
collected and analyzed to determine iodine concentration at the point of exhaust.

3.6.e  Pregnancy Surveillance Program
Studies of atomic bomb survivors suggest that high doses of radiation (i.e., > 1 Gy [100 rad]) to the fetus delivered
early in pregnancy (3 - 17 week) may have nonstochastic effects (e.g., microcephaly, mental retardation, etc.).
Those exposed prenatally in Hiroshima and Nagasaki have not shown an increased incidence of childhood cancers,
but adult cancers seem to be increased and the onset is a bit earlier than for the non-exposed.  A 1958 study (the
Oxford survey of childhood cancer by Stewart, et. al.) noted that in utero exposure was 1.9 times as frequent in the
population of children who had leukemia and other cancers compared to the control (non-cancer) group.  It was
suggested that the higher frequency of x-rays performed in the cancer population may be attributable to other
factors, which caused a greater need for medical care.  Fetal diagnostic x-ray exposures below 50 mGy (5 rad) have
not been shown to cause congenital malformations nor growth retardation.  
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These epidemiological studies suggest that the fetus may be more sensitive to damaging effects of radiation
exposure (> 0.1 Sv [10 rem]), particularly during the first trimester of the pregnancy (i.e., the first three months).
Therefore, the exposure limit for the fetus of a "declared" pregnant radiation worker is set to 5 mSv (500 mrem)
during the entire gestation period.  When a worker notifies Radiation Safety that she is pregnant, a Health Physicist
reviews the worker's radiation exposure history and their lab's radioactive material uses (i.e., quantity,  procedures,
etc.).  The Health Physicist meets with the pregnant worker (and other concerned individuals if requested) and
discusses this exposure and exposure potential data; ways to apply time, distance, and shielding; and NRC
pregnancy guidance found in Appendices B-1, B-2, and B-3.  After the briefing, the Health Physicist offers her the
opportunity to enroll in the Pregnancy Surveillance Program.  If the worker enrolls in this program, her radiation
exposure is monitored until delivery to insure the exposure is kept well below the allowed 5 mSv (500 mrem).

3.6.f  Radioactive Waste
The CORD computer does not decay radionuclides.  The only way in which a PI can reduce the quantity of radioac-
tive material recorded by the computer is to properly make a disposal and complete a Radioactive Waste Disposal
form.  Chapter 5 and Laboratory 2 describes packaging and labeling of radioactive waste as well as ways to
complete the necessary disposal and inventory forms.  The stickers and tags that are required for disposal insure that
the packages meet the Department of Transportation (DOT) requirements.

Before Radiation Safety loads a waste box from one of the designated locations they will meter and wipe test the
package to insure both radiation and contamination levels are low.  Most of the laboratory waste is classified as Low
Specific Activity (LSA) waste.  DOT requires this waste be packaged in strong, tight containers and that radiation
and contamination levels be below those specified in Chapter 8.  The waste is transported to one of the UW's waste
processing facilities and the Radioactive Waste Disposal form is given to CORD so the quantities the lab has
disposed can be subtracted from the lab’s inventory.

Normally, Radiation Safety will decay short lived waste before final disposal.  Ultimately, aqueous liquids are
sewered; solids are incinerated.  By decaying the waste before disposal the UW insures that exposures to the
environment are well below allowable levels.  The Federal requirement that aqueous waste be “readily soluble ... or
dispersible biological material in water” requires either a knowledge of the chemical constituents (the reason the
Radioactive Liquid Waste Tag [see 5.3.a.6] requests the lab list chemicals) or Radiation Safety must filter the waste
through a micropore filter to insure it is dispersible.  Ash for each incineration is collected and analyzed for radioac-
tive concentration prior to ultimate disposal of the ash.

3.7  Review Questions - Fill in or select the correct response
1. The average annual radiation exposure of the U.S. population is approximately                                    mSv/yr       

(                            mrem/yr), which is broken out into                             mSv/yr (                          mrem/yr) from
natural sources and                           mSv/yr (                         mrem/yr) from man-made sources.

2. A goal of ALARA is to reduce the number of                         and                           in the exposed population.
3. A fear that nuclear fallout might damage the world’s                             pool led to an above ground test ban. 
4. One important radionuclide produced by cosmic rays is                               .
5. The maximum hand or wrist dose limit for a radiation worker is                     mSv/yr (                 mrem/yr).
6. The UW has an NRC specific license of  (limited)  (broad)  scope.
7. The Atomic Energy Commission (AEC) was established by the Atomic energy Act of 1946.    true  /  false
8. Wisconsin is a(n)  (agreement)  (nonagreement)  state.
9. Allowable dose limits were reduced in 1946 and 1956 because detrimental effects were observed in radiation

workers.  true  /  false
10. The annual whole body dose limit for a radiation worker is                         mSv/yr (                    mrem/yr).
11. The dose limit for an individual member of the general public is                  mSv/yr   (                   mrem/yr).
12. Dose limit for the unborn child of a pregnant radiation worker is           mSv    (            mrem) in 9 months.
13. Safety will investigate dosimetry exposures exceeding                          mSv (                        mrem).
14. Aqueous waste must be readily soluble ... or dispersible biological material in water.   true  /  false
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HFor short lived radionuclides with half-lives < 2 hours, the total effective dose equivalent received during operations might
include a significant contribution from external exposure.  ....  The licensee should use individual monitoring devices or
other radiation measuring instruments that measure external exposure to demonstrate compliance with the limits.
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5 x 10-45 x 10-57 x 10-92 x 10-65 x 1034 x 10324NaSodium-24
6 x 10-56 x 10-69 x 10-103 x 10-76 x 1024 x 10222NaSodium-22

7 x 10-37 x 10-41 x 10-73 x 10-57 x 1045 x 10418FFluorine-18H

3 x 10-43 x 10-53 x 10-91 x 10-62 x 1032 x 10314CCarbon-14
1 x 10-21 x 10-31 x 10-72 x 10-58 x 1048 x 1043HHydrogen-3

Water
(μCi/ml)

Air
(μCi/ml)

ALI
(μCi/ml)

ALI
(μCi)

Inhalation Monthly Average
Concentration

(μCi/ml)

Col. 2Col. 1Col. 3Col. 2Col. 1
Oral Ingestion

ALI
 (μCi)

Table 3
Sewer Release

Table 2
Effluent Concentration

Table 1
Occupational Values

SymbolIsotope

Table 3-9.  Selected Effluent Concentrations (Appendix B, 10 CFR 20; Appendix E, HFS 157)

50     Radiation Safety for Radiation Workers



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


