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8.  LEVELS OF SIGNIFICANT EXPOSURE TO RADIATION 
AND RADIOACTIVE MATERIAL

To help public health professionals and others address the needs of those who are exposed to radiation

and radioactive material, the information in this section on ionizing radiation is organized first by route of

exposure—inhalation, oral, dermal and external; and then by health effect—death, systemic, immuno-

logical, neurological, reproductive, developmental, genotoxic, and carcinogenic effects.  The systemic

effects are subdivided into respiratory, cardiovascular, gastrointestinal, hematological, musculoskeletal,

hepatic, renal, dermal, ocular, and body weight effects.  

The data for the observed effects from radiation and radioactive material  are presented in the following

tables.  These tables are  not meant to be exhaustive reviews of all of the literature that reports biological

effects  resulting from exposure to ionizing radiation.  It does, however, provide health care professionals,

persons exposed (or potentially exposed) to radiation in their occupations, and the general public an

overview of the types of effects observed in each category. The tables report no-observed-adverse-effect

levels (NOAELs) or lowest-observed-adverse-effect levels (LOAELs), which reflect the actual radiation

doses (or concentration of radioactive material) used in the studies.  LOAELS have been further classified

into "less serious" or "serious" effects.  "Serious" effects are those that evoke failure in a biological

system and can lead to morbidity or mortality (e.g., acute radiation sickness  or death).  "Less serious"

effects are those that are not expected to cause significant dysfunction or death, or those whose

significance to the organism is not entirely clear.  ATSDR acknowledges that a considerable amount of

judgment may be required in establishing whether an end point should be classified as a NOAEL, "less

serious" LOAEL, or "serious" LOAEL, and that in some cases, there will be insufficient data to decide

whether the effect is indicative of significant dysfunction.  However, the Agency has established

guidelines and policies that are used to classify these end points.  ATSDR believes that there is sufficient

merit in this approach to warrant an attempt at distinguishing between "less serious" and "serious" effects. 

The distinction between "less serious" effects and "serious" effects is considered to be important because

it helps the users of the profiles to identify radiation doses at which major health effects may start to

appear.  LOAELs or NOAELs should also help in determining whether or not the effects vary with dose

and/or duration, and place into perspective the possible significance of these effects to human health.

A range of radiological units were used in the studies and these are reported in Tables 8-1 to 8-4.  In these

studies, some authors reported units of absorbed dose (rad, Gy) or dose equivalent (rem, Sv), while other

authors reported effects in terms of units of concentration, transformations (disintegrations) or activity
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(µCi/kg or Bq/kg, etc).  Conversions between units is possible when given specific information about the

exposed animal, organ weights, and the nuclide; however, the specific information required to perform

those conversions was, in many cases, not complete or not reported at all.  Many of the activities reported

in Ci or Bq could not be converted into absorbed dose (rad, Gy) or dose equivalent (rem, Sv) to determine

a dose-response relationship.  Since these conversions were not practical, the unit  information (rad, Gy,

rem, Si) with the corresponding NOAEL or LOAEL are listed first under each heading (death, respiratory,

gastrointestinal, etc).  This information is then immediately followed by the studies that examined end

points in terms of concentration or activity (µCi/kg or Bq/kg) for each organ system route of exposure. 

This provides the reader an opportunity to more clearly observe any dose-response effects resulting from

exposure to ionizing radiation, both from an absorbed dose (rad, Gy) aspect as well as from a radionuclide

activity (Ci, Bq) perspective.

The significance of the exposure levels shown in Tables 8-1 to 8-4  may differ depending on the user's

perspective.  Public health officials and others concerned with appropriate actions to take at hazardous

waste sites may want information on levels of exposure associated with more subtle effects in humans or

animals (LOAELs) or exposure levels below which no adverse effects (NOAELs) have been observed. 

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of ionizing

radiation are also indicated in Tables 8-1 through 8-4.

Estimates of exposure levels posing minimal risk to humans may be of interest to health professionals and

citizens alike.  Estimates of the acute radiation dose and chronic radiation dose rate that pose minimal risk

to humans (Minimal Risk Levels or MRLs) have been made for ionizing radiation.  An MRL is defined as

an estimate of daily human exposure to a substance that is likely to be without an appreciable risk of

adverse effects (noncarcinogenic) over a specified duration of exposure.  MRLs are derived when reliable

and sufficient data exist to identify the target organ(s) of effect or the most sensitive health effect(s) for a

specific duration within a given route of exposure.  MRLs are based on noncancerous health effects only

and do not consider carcinogenic effects.  MRLs can be derived for acute, intermediate, and chronic

duration exposures for inhalation and oral routes as well as for external exposure.  Appropriate

methodology does not exist to develop chemical MRLs for dermal exposure.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990),

uncertainties are always associated with these techniques.  ATSDR acknowledges additional uncertainties

inherent in the application of the procedures to derive less than lifetime MRLs.  As an example, acute

inhalation MRLs may not be protective for health effects that are delayed in development or are acquired



IONIZING RADIATION 295

8.  LEVELS OF SIGNIFICANT EXPOSURE TO RADIATION AND RADIOACTIVE MATERIAL

following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic bronchitis.  As

these kinds of health effects data become available and methods to assess levels of significant human

exposure improve, these MRLs will be revised. 

MRLs have been derived for radiation effects.  During the evaluation process, ATSDR examined many

factors, including (1) which specific studies would lend themselves to be most suitable for deriving an

MRL, and (2) what health effect(s) an MRL should be based upon (cataract formation, reduction in IQ,

etc.). 

The tables showing Levels of Significant Exposure (LSE) to Radiation and Radioactive Material consist

of the following information:

(1) Route of Exposure  One of the first considerations when reviewing the toxicity of ionizing radiation
using these tables and figures should be the relevant and appropriate route of exposure.  When
sufficient data exist, four tables are presented in the document by the four principal routes of
exposure, i.e., inhalation, oral, dermal, and external (Levels of Significant Exposure to Radiation
and Radioactive Material tables 8-1, 8-2, 8-3 and 8-4, respectively).  Not all studies will have data
on each route of exposure.

(2) Health Effect  The major categories of health effects included in Levels of Significant Exposure to
Radiation and Radioactive Material tables are death, systemic, immunological, neurological,
developmental, reproductive, and cancer.  NOAELs and LOAELs can be reported in the tables and
figures for all effects but cancer.  Systemic effects are further defined in the "System" column of the
table.

(3) Species  The test species, whether animal or human, are identified in this column. 

(4) Duration/ Frequency of Administration The duration of the study and the weekly and daily
exposure regimen are provided in this column.  This permits comparison of NOAELs and LOAELs
from different studies.

(5) System  This column further defines the systemic effects.  These systems include:  respiratory,
cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal, and dermal/ocular.
Other systems considered separately in these tables are immunological/lymphoreticular,
neurological, reproductive, developmental, genotoxic, and cancer.  "Other" refers to any systemic
effect (e.g., a decrease in body weight) not covered in these systems.

(6) NOAEL  A No-Observed-Adverse-Effect Level (NOAEL) is the highest exposure level at which no
harmful effects were seen in the organ system studied.

(7) LOAEL  A Lowest-Observed-Adverse-Effect Level (LOAEL) is the lowest dose used in the study
that caused a harmful health effect.  LOAELs have been arbitrarily classified into "Less Serious"
and "Serious" effects.  These distinctions help readers identify the levels of exposure at which
adverse health effects first appear and the gradation of effects with increasing dose.  A brief
description of the specific endpoint used to quantify the adverse effect accompanies the LOAEL.
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(8) CEL  A Cancer Effect Level (CEL) is the lowest exposure level associated with the onset of
carcinogenesis in experimental or epidemiologic studies.  CELs are always considered serious
effects.

(9) Chemical Form  The nuclide, the chemical form (chloride, oxide, etc.) and the type of emission
(alpha or beta particle and gamma ray) is indicated in this column.

(10) Reference  The complete reference citation is given in chapter 10 of the profile.
















































































