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Because of the potential for ionizing radiation to cause deterministic (acute radiation syndrome, cataracts)

and nondeterministic (cancer) health effects in exposed individuals, safe dose guidelines and regulations

have been established for both external radiation exposure and radionuclides in air and water by a number

of international and national agencies.  International and national regulations and guidelines pertinent to

human exposure to ionizing radiation are summarized in Table 7-1.  Those that protect against deter-

ministic effects are based on identified acute thresholds doses for those effects, with a reduction to protect

sensitive populations and provide safety margins that account for uncertainties.  Those that protect against

nondeterministic effects use the observed frequencies with which those effects occur at high doses,

account for uncertainties that may exist, and assume a linear dose-effect relationship to calculate the doses

at which the effects would be presumed to occur at some acceptable frequency, such as the range of 10-4

to 10-6 which EPA often considers.  This proportionality assumes a linear no threshold (LNT) dose effect

curve.  During the last decade, there have been reductions in LNT-based public radiation dose limits and

site cleanup levels that have increased the scope and cost of medical, occupational, and environmental

radiation protection efforts.  Some recent studies found a reduction in health effects when the dose was

delivered at lower dose rates, indicating a potential application to future protection guidelines and

regulations.

An MRL of 0.004 mSv (0.4 rem) has been derived for acute-duration external exposure (14 days or less),

based on the developmental studies of Schull et al. (1988) and the IQ studies of Burt (1966).

An MRL of 0.001 Sv/yr (0.1 rem/yr) above background has been derived for chronic-duration external

exposure (365 days or more) to radiation based on information that identified radiation doses that have

not been reported to have detrimental effects on humans (BEIR V 1990).

The health effects of radiation have been recognized since early in the twentieth century, and by 1928 the

International X-Ray and Radium Protection Committee (now the International Commission on

Radiological Protection [ICRP]) was established.  In the United States, a year later, the Advisory

Committee on X Ray and Radiation Protection, now called the National Council on Radiation Protection

and Measurements (NCRP), was formed. The NCRP was chartered in 1964 by the U.S. Congress to:

(1) disseminate information of public interest and recommend radiation levels to protect the public, (2)

support cooperation among organizations concerned with radiation protection, (3) develop basic concepts 
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about radiation protection, and (4) cooperate with the ICRP and the International Commission on

Radiation Units and Measurements.  Even though the NCRP is a nongovernmental organization, it

provides recommendations that guide the establishment of federal radiation policies, agency

requirements, and statutory laws.  Through the governmental agencies that rely on NCRP

recommendations, the work of this organization has a significant impact on the many activities in the

United States involving the use of radiation and radioactive materials. 

In the United States, the Environmental Protection Agency (EPA) sets radiation safety policy and basic

safety standard.  The execution of this policy is assigned to the various regulatory agencies, including the

EPA itself, for application to the specific activities that they regulate.  The U.S. Nuclear Regulatory

Commission (USNRC), an independent government agency, regulates commercial nuclear power

reactors; research/test/training reactors; fuel cycle facilities; and the transport, storage and disposal of

nuclear materials and waste (USNRC 1997b).  The EPA is responsible for protecting the public and the

environment and for clean up of radioactively contaminated sites (EPA 1997).  The Mine Safety and

Health Administration (Department of Labor) is responsible for protecting miners from exposure to radon

and its daughters and gamma rays in underground or surface mines (MSHA 1997).  The Food and Drug

Administration (FDA) develops standards for equipment that emits ionizing radiation, such as

radiographic and fluoroscopic equipment (FDA 1997), radioactive material concentrations in food (FDA

1998), and medical devices used in radiation therapy (FDA 1997).  

A mammogram device, for example, uses low-dose x rays to produce a radiographic image of breast

tissue.  Unfortunately, mammograms are among the most difficult radiographic images to read.  To

reduce the chance of false negative and false positive diagnoses, the image must be of high quality (FDA

1997).  Senate hearings on breast cancer held in 1992 found a wide range of problems with

mammography practices in the United States.  In response to these issues and to the growing incidence of

breast cancer and its associated mortality rate, the U.S. Congress enacted the Mammography Quality

Standards Act (MQSA).  The enactment of the MQSA in 1992 was a statutory means of certifying and

inspecting mammography facilities.  Regulations established by the FDA to implement the MQSA

ensured that only facilities accredited by an approved accreditation body and certified by the Secretary of

Health and Human Services would lawfully continue to operate after October 1, 1994.  In order to meet

the October deadline, however, the MQSA needed to be amended and the process for issuing standards

for facilities and the standards to be met by the accrediting bodies needed to be shortened.  The 
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amendments gave the FDA the authority to issue interim regulations, which were published on December

21, 1993 (FDA 1997, 1999a, 1999b).  Final regulations for the MQSA, published on October 28, 1997,

mandated that facilities would  incorporate new requirements into their programs by April 28, 1999, the

effective date for most of the regulations.  Regulations concerning equipment will become effective on

October 28, 2002 (FDA 1999b). Except for the Department of Veterans Affairs, all mammography

facilities that produce, process, or interpret mammograms must meet the requirements of the MQSA.  In

order to keep the basic safeguards in place beyond the year 2000, the Mammography Quality Standards

Reauthorization Act of 1998 was passed by Congress on October 9, 1998 (U.S. Congress 1998).  The

FDA recently announced the availability of its guidance document, Compliance Guidance: The

Mammography Standards Act Final Regulations Document #1, which is intended to assist mammography

facilities in meeting the MQSA final regulations (FDA 1999a). 

The FDA recently updated its guidance document that presents recommended action levels for

radionuclides in foods, both domestic and imported (FDA 1998).  These derived intervention levels

(DILs) are estimated levels in food that could lead to individuals receiving a radiation equivalent dose

equal to the FDA protection action guide (PAG) that is set as the more limiting of either 0.5 rem (5 mSv)

for committed effective dose or 5 rem (50 mSv) committed dose equivalent to any individual tissue or

organ.  Table 7-4 presents the most restrictive food DILs.

 Transport of radioactive materials is regulated by the Department of Transportation (DOT) in

conjunction with the USNRC.  Coordinating government emergency response to accidents involving

radioactive materials is the responsibility of the Federal Emergency Management Administration

(FEMA).

National regulations governing the occupational exposure to ionizing radiation include USNRC

regulations (10CFR20), EPA standards for uranium and thorium mills (40 CFR 192), Occupational Safety

and Health Administration (OSHA) standards for ionizing radiation (29 CFR 1910.1096), the Department

of Energy (DOE) standards for occupational radiation protection (10 CFR 835), and MSHA’s radon and

gamma ray standards (60 FR 33719).  National regulations concerning general population exposure to

radiation have been developed by the EPA and USNRC based on the dose limit recommendations of the

ICRP (ICRP 1997) and the NCRP (NCRP 1993).
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Currently there are 29 "NRC Agreement States."  An agreement state is any state that has entered into an

agreement with the USNRC under Section 274 of the Atomic Energy Act of 1954, as amended.  The

USNRC relinquishes to these states the majority of its regulatory authority over source, by-product, and

special nuclear material in quantities not sufficient to form a critical mass.  However, the regulation of

nuclear reactors is under USNRC jurisdiction.  In the remaining states, USNRC still handles all of the

inspection, enforcement, and licensing responsibilities.  States can regulate exposure to workers from

electronic sources, as well as from naturally occurring and accelerator-produced radioactive materials. 

State regulations for 226Ra and strontium isotopes are listed in Tables 7-2 and 7-3, respectively.  

The basic philosophy of radiation safety is to minimize unnecessary radiation exposure.  The specific

objectives of radiation safety guidance as stated by NCRP are (1) to prevent the occurrence of severe

radiation-induced deterministic (nonstochastic) disease, and (2) to limit the risk of the nondeterministic

(stochastic) effects (fatal cancer, and genetic effects) to a reasonable level compared with nonradiation

risks and in relation to societal needs, benefits gained, and economic factors.  In addition to regulations

that set upper limits on radiation dose, the concept of ALARA (As Low As Reasonably Achievable) was

introduced to ensure that work place endeavors resulting in exposures to radiation provide sufficient

benefits which offset any potential detriment they cause (ACGIH 1998).  The goal is not to eliminate all

radiation exposure, which would not be possible, but instead to strive for an appropriate balance between

protection of public health and reasonable costs (economic, social, etc.) while maintaining desirable dose

limits.  The American Conference of Governmental Industrial Hygienists (ACGIH) has adopted the

occupational exposure guidance of the ICRP (ACGIH 1998).  The values used by ACGIH as guidelines

for exposure to radiation are given in Table 7-1.

The USNRC has set dose limits for individual members of the public of 0.1 rem/year, 5 rem/year for

occupationally exposed workers, and 0.5 rem (0.005 Sv) during the gestation period to the fetus of a

pregnant worker (USNRC 1996).  More specific information on regulations pertaining to ionizing

radiation exposure can be found in the references listed in Table 7-1 of this profile.




































