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Health and Dosimetry Considerations in the ICRP 1990 Formulation of Effective Dose1

Keith F. Eckerman
Oak Ridge National Laboratory

The new recommendations of the International Commission on Radiological Protection
contained in Publication 60 supersede those of Publication 26 issued in 1977. The recommendations
are intended to assist national authorities in formulation of radiation protection guidance. Sufficient
explanatory information is included to clearly note that radiation protection issues cannot be resolved
on the basis of scientific considerations alone, but also require value judgements regarding the relative
importance of different kinds of risks and the balance between risk and benefit.

Ionizing radiation causes both deterministic and stochastic effects in irradiated tissue. It is
the aim of radiation protection to avoid deterministic effects by setting dose limits below their
thresholds and to control exposures to limit the frequency of stochastic effects, believed to occur
(albeit with low frequency) even at the lowest doses. Cancer induction and hereditary effects are the
stochastic effects of concern.

The Commission has relied largely on studies of the Japanese A-bomb survivors in estimating
the probability of a fatal cancer and concluded that the most probable dose-response relationship is
a linear-quadratic. The linear coefficient at low dose or low dose rate is obtained from the high dose,
high dose rate estimates of risk by dividing by an effectiveness factor of two. Using the data from
the A-bomb survivors, the Commission estimated the distribution of the fatal cancer risk among the
organs of the body and the length of life lost for cancer in each organ. The Commission further
developed the concept of health detriment to represent the combination of the probability of
occurrence of a harmful health effect with a judgement of the severity of that effect. The distribution
of detriment among the organs and tissues of the body, after appropriate rounding, is the tissue
weighting factor wT used in the computation of the effective dose.

The principal dosimetric quantities in radiological protection are the mean absorbed dose in
a tissue or organ DT, the energy absorbed per unit mass; the equivalent dose in a tissue or organ, HT,
formed by weighting the absorbed dose by the radiation weighting factor wR; and the effective dose,
E, formed by weighting the equivalent dose by the tissue weighting factor wT and summing over the
tissues. The health data in the Japanese survivors, accumulated to 1985, made it possible to provide
explicit weighting factors for 12 tissues/organs of the body, thus reducing the residual weight assigned
to the remainder tissue group. The additional organs listed include the colon, stomach, bladder, liver,
esophagus, and skin. Furthermore, the remainder tissue group is considered to include only tissues
likely to be susceptible to cancer induction. The inclusion of non-fatal cancers and the severity of
the health effect should further enhance the utility of the effective dose concept within nuclear
medicine.

INTRODUCTION

~n» submmad manuaenpt haa ton
authorad by a contractor of tha U.S.
Govammant inter uamau No. DE-
AC05-84OR2140O. Accordhgly. tha U.S.
Govammant ratama a nonaxduam.
royaftv-fraa kcanaa to pubhah or raproduca
the Dublishad form of ths contribution, or
aflow otfMra to do so. for U.S. Gotwnmant
purposes."

The purpose in estimating the radiation doses received by the tissues of the body is to assess

the risks associated with the radiation exposure. For radionuclides within the body, the absorbed dose

typically varies greatly among the tissues of the body which themselves exhibit a range of sensitivities
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to the radiation insult. In radiation protection, it is the absorbed dose averaged over a tissue or organ

and weighted for the radiation quality that is correlated to biological effects. The resulting radiation

protection quantity, the equivalent dose,2 was defined to place all ionizing radiations on a common

scale of biological harm, without regard to the particular tissues or biological endpoint involved.

However, the total biological insult represented by the radiation exposure is given by the joint

distribution of equivalent dose and sensitivity of the tissues. In 1975, the International Commission

on Radiological Protection (1) introduced a dosimetric quantity to meet this need which, in their 1990

recommendations (2), is named the effective dose.

Considerable discussion has taken place regarding the applicability of radiation risk concepts

and the effective dose to nuclear medicine. While the Medical Internal Radiation Dose (NURD)

Committee states that "Absorbed-dose calculations are needed for evaluation of the risks involved

in the application of radiopharmaceuticals to medical studies...," the Committee continues to approach

the dosimetry of administered radiopharmaceuticals on a purely physical basis without consideration

of the relative biological effectiveness of the radiations or of the radiosensitivity of the irradiated

tissues(3). The ICRP, in addressing the radiation dose to patients from administered

radiopharmaceuticals, made use of the effective dose quantity after some discussion of its

applicability(4). The ICRP noted that while the effective dose quantity was derived for occupational

radiation protection where the gender and age distribution of the work force may be quite different

from that of the patients undergoing particular nuclear medicine procedures, it was nevertheless felt

that the risk coefficients probably are not sufficiently sensitive to these factors to preclude application

of the effective dose to such selected populations. In their 1990 Recommendations, the ICRP further

discussed the applicability of the effective dose quantity to various populations.

DOSE QUANTITIES

Absorbed dose is the principal physical quantity used to characterize the radiation insult to

tissues of the body from ionizing radiation. While absorbed dose may be defined as a point quantity,

the macroscopic definition is used in the dosimetry of tissues of the body, i.e., the absorbed doseD r

2 Throughout the text, the less cumbersome names of the radiation protection quantities
introduced by the ICRP in its 1990 recommendations are used. While strictly speaking the new
quantities involve some differences in the definition of the quantity, for the most part these are not
of concern here.



is given as

DT - ^ 1 (1)
MT

where Eail T denotes the ionizing energy absorbed in target tissue T of mass MT. The absorbed dose

is the dosimetric quantity addressed in the MIRD schema(3).

It became evident that biological effects for various radiation types did not correlate solely

with absorbed dose. Radiobiological studies detailed the relative biological effectiveness (RBE) for

different biological endpoints and the various radiations. For radiation protection purposes, the

radiation weighting factors are taken to be independent of biological endpoint and thus the equivalent

dose quantity HT (earlier termed RBD dose and dose equivalent) is defined as

»T = E WR DT.R (2)
R

where wR is the radiation weighting factor and DTRis the absorbed dose in T for radiation R. The

summation in Eq. 2 extends over all radiation types depositing energy in T. The purpose of the

radiation weighting factor wR is to place on a common scale of biological damage the various

radiation types contributing to the irradiation of the tissues without regard to specific biological

effects. The radiation weighting factors were earlier referred to as radiation quality factors Q which

were taken to be a function of the linear energy transfer for the radiation at the site of energy

deposition. Numerical values are assigned to wR as a function of the emitted radiation type and

energy as shown in Table 1 (2).

The dosimetric quantity, effective dose, takes into account the relative contribution of specific

tissues to the total risk when the body is uniformly irradiated. The effective dose E is defined as

7 (3)
= E WT £ W* DT,K

T R

where wT is the tissue weighting factor reflecting the relative contribution of tissue T to the total

risk. Note that biological information enters Eq. 3 in two places; i.e., it is the basis for both weighting

factors. This somewhat cumbersome treatment arises from the fact that most of the available



biological data are for penetrating radiations or low LET radiations (photons) and the treatment of

high LET radiations within the protection system must be based on the assumed w, for the

radiations. The values for the tissue weighting factors used in the 1977 and 1990 Recommendations

of the ICRP are shown in Table 2 (1,2).

Biological Effects of Ionizing Radiations

In assessing potential biological effects of ionizing radiations it is useful to differentiate two

types of effects based on the underlying dose response (1,2).

Deterministic Effects. If a tissue of the body is sufficiently damaged, then an individual may

be expected to exhibit a pathological condition. These effects are characterized by a severity that

increases with dose above some threshold and thus was previously referred to as non-stochastic

effects. Although the initial events leading to the cellular changes are essentially random, the large

number of cells required to initiate an observable effect gives the effect a deterministic character.

Some deterministic effects are of a functional nature and may be reversible, provided the

damage is not too severe. Examples would include vascular reactions (erythema) or decrease of

glandular secretions (e.g., from salivary glands). The gonads, lens of the eye, and the bone marrow

show the higher sensitivities (lower thresholds). The threshold for temporary sterility in the male is

about 0.15 Gy and that for permanent sterility is above 3 Gy for a single dose (2). The threshold for

lens opacities that impair vision seems to be in the range of 2 to 10 Gy for a single dose (2).

Clinically significant depression of the blood-forming process has a threshold of about 0.5 Gy (2).

The threshold for these effects makes it possible to avoid their occurrence in occupational radiation

protection and in most diagnostic nuclear medicine procedures.

Stochastic Effects. Stochastic effects are those effects that result from alterations in normal

cells by ionizing radiation events which are assumed to have a low probability of occurrence at low

dose. The probability of such a change occurring in a tissue is proportional to the dose at very low

doses where, microdosimetrically, it can be determined that, on the average, less than one event per

sensitive target in a cell occurs. The dose at which this holds depends on the size of the sensitive

target in a cell and the density of ionization (linear energy transfer - LET) of the radiation, and may

be lower than many practical doses in radiation protection. For example, a dose of 1 mGy (0.1 rad)

of 1 MeV gamma rays and 1 mGy of 1 MeV neutrons results in an average of about 1 and 0.01 tracks

per cell nucleus, respectively (2). At our present state of knowledge and in the broad terms of

radiation protection, the empirical observations that absorbed and equivalent dose correlate



reasonably well with the observed biological effects justifies the continued use of these quantities.

Two types of stochastic effects are recognized by the Commission. The first occurs in somatic

cells and may result in the induction of cancer in the exposed person; the second occurs in the cells

of gonadal tissue and may result in hereditary disorders in the progeny of those irradiated.

Induction of Hereditary Defects.

The most serious hereditary effects are the production of dominant mutations leading to

genetic disease that can be seriously harmful and even life threatening. They occur predominantly

in the first two generations after exposure. Recessive mutations are not expressed in the first two

generations but contribute to the genera] pool of genetic damage in subsequent generations. The

Commission had previously only taken account of serious hereditary defects in the first two

generations, i.e., children and grandchildren of the exposed individual. That left the effects in liter

generations to be considered as part of the burden for society. The Commission now attributes the

whole detriment to the dose received by the individual.

For low dose and dose rate the nominal hereditary effect coefficient, excluding multifactorial

effects, is now taken to be 0.5 x 10'2 Sv ! (2). No reliable estimate is available for multifactorial

effects, but the ICRP has taken an estimate of 0.5 x 10"2 Sv1. The Commission therefore considers

that the nominal coefficient for hereditary effects is 1 x 10'2 Sv1. Considering the age distribution

of the working population, the coefficient for workers is about 40% lower or 0.6 x 10'2 Sv'1.

Overall, the risk coefficients for hereditary defects have not changed significantly from the

estimates given in the 1977 Recommendations (1). At that time the value was 0.4 x 10'2 Sv"1 for

serious hereditary defects in the first two generations and double that for all future generations.

Induction of Cancer.

In 1988, the ICRP, following its Como meeting, issued a statement noting the potential

increase in the risk coefficients for cancer induction (5) and in that same year UNSCEAR (6)

published a review of epidemiological data that indicated risk coefficients three to four times greater

than those discussed in the Commission's 1977 Recommendations. The US National Academy of

Sciences Committee on the Biological Effects of Ionizing Radiation, known as the BEIR Committee

(7), issued the BEIR V Report which indicated similar changes in the coefficients. The ICRP felt

neither report was sufficient to meet the needs of radiation protection because the UNSCEAR report

did not give risk coefficients applicable to low dose and low dose rate situations, while BEIR V

focused mainly on whole body exposure, thus not considering the various individual organs involved,



and it was somewhat vague on the risk at low doses and low dose rates. The Commission therefore

set about making its own estimates of risk for use in radiation protection.

The principal new information on cancer risk has come from the continued health assessment

of the more than 90,000 survivors of the Hiroshima and Nagasaki atomic bombings (2). Changes in

the risk coefficients comes about for three main reasons. First, the dosimetry has been revised to

take account of the high humidity in the air over the cities which substantially reduced the neutron

component of the dose compared with earlier estimates based on measurements in the dry air of the

Nevada desert. Other factors being constant, the change in risk coefficients attributable to the new

dosimetry (referred to as the DS86 dosimetry) relative to the old dosimetry (the Tentative 1965

Dosimetry - T69D) is not great - the comparison depends on the particular organ or tissue (8). The

greatest change is about a factor of two for leukemia.

The second, and probably the most important, factor leading to the changes in risk coefficients

for the atomic bomb survivors is the longer follow-up period in the epidemiological studies. In the

additional years of medical follow-up, the number of excess solid cancers has increased from about

135 in 1975 to about 260 in 1985. During the same period, the numbers for excess leukemia

increased from about 70 to 80 cases. Since lifetime expression of solid cancer is not yet available for

this population, or any other large population being studied, it is necessary to use mathematical

models to extrapolate, over time, from the limited observations.

The third factor that has contributed to the increase over the earlier estimates is the current

preference for the multiplicative rather than additive model for projecting the observed number of

solid cancers to lifetime values(2). The additive model postulates that the annual risk of cancer arises

after a period of latency and then remains constant over time, while the multiplicative model

postulates that the time distribution of the excess risk follows the time distribution of natural cancers,

i.e., the excess (after the latent period) is given by a constant multiplying factor applied to the age-

specific incidence of natural cancer in the population. The data now available indicate that the

multiplicative model is more likely to be correct, at least for the more common cancer types. The

multiplicative model indicates an increasing risk with time, after exposure, since it follows the natural

cancer increase with age. The multiplicative model thus leads to a higher projected risk than that

of the additive model. The current data that are available support the use of the multiplicative

model, at least for the more common cancer types.

In radiation protection, the risks to all the organs and tissues of the body are needed to

ensure that the total risk can be predicted, whether the body is totally irradiated or only selected

tissues are irradiated, as from the intake of a radionuclide. The ICRP uses the relative risks derived



as a function of age, sex, and cancer site for the A-bomb survivors and transfers these risk estimates

to other populations using the multiplicative model and the natural cancer rates for the populations.

Such calculations were carried out for China, Japan, Puerto Rico, United Kingdom, and the United

States. From these calculations, the total risk, assuming uniform irradiation of the whole body,

ranged between 6 and 11% Gy'1 with an average of 9.6% Gy'1. The nominal fatality risk coefficient

is taken as 10% Gy"'(2). The various estimates of the risk are summarized in Table 3.

The total risk was found to vary by less than 50% between the sexes, the higher values

applying to women. The variation with age is more marked - the estimated risk for ages 0-20 years

is more than twice the figure for all ages. For a population of working ages, taken to be ages 18-64

years, the risk figure is about 80% of the fatal cancer risk for a population of all ages.

The human evidence for carcinogenesis induced by radiation is obtained at doses of the order

of 0.1 to 0.2 Gy. The ICRP has chosen to apply a viose and dose rate reduction factor of 2 to the

risk estimates derived at high dose and dose rate. This value is rather arbitrarily derived and is

generally thought to be conservative. In reality, the appropriate factor is probably a function of

cancer type and radiation quality as well as dose and dose rate.

The final risk coefficients for fatal cancer for the organs which the ICRP considers to be

applicable to radiation protection in their 1990 Recommendations are shown in Table 3 along with

the values from the 1977 Recommendations (1,2). The 1977 risk of 1.25 Sv"1 was derived by dividing

the 1977 UNSCEAR figure (9) for high dose, high dose rate (2.5% Sv1) by a factor of 2. The fatal

cancer risk estimate of the ICRP (5% Sv'1) is also about a factor of 2 lower than the 1988

UNSCEAR estimate of 11% Gy1 (6).

Health Detriment

In their 1977 Recommendations, the Commission assumed that the health detriment was

adequately characterized by the risk of fatal cancers and serious hereditary defects in the first two

generations(l). In the 1990 Recommendations(2), the Commission adopted a more complex

procedure for defining the health detriment that includes four components: risk of fatal cancer, a

weighting of the risk of non-fatal cancer, a weighting of the risk of hereditary defects, and the relative

lose of life expectancy given a fatal cancer or severe genetic disorder.

The consideration of non-fatal cancer was developed to reflect the fact that some cancers are

easy to treat, such as skin cancer, while others are very difficult to cure and there is significant trauma

associated with the curative process. The Commission concluded that a suitable weighting would be



made according to the lethality fraction for the particular cancer. Thus a cancer with a low lethality

probably represents a smaller loss in the quality of life, and, therefore, its non-fatal component should

not make as substantial contribution to the detriment as that for a cancer having a high lethality and

greater loss in the quality of life. Table 4 shows the fatal cancer risks and the lethality for the various

organs and tissues. If, in a given tissue, the fatal cancer rate is denoted as F and the lethality by k,

then the total incidence of the cancer is F/k. The number of non-fatal cancers is given by

non-fatal = total incidence - fatal

--Z-F
k

The detriment is found by weighting the fatal cancers by 1 and the non-fatal cancers by k, thus the

detriment is

Detriment = 1 x fatal cancer + k x non-fatal cancer

= F + k - ( 1 - k)
k

= F(2 - k) .

Thus, in estimating detriment, the fatal cancer risk is increased by the factor 2 - k to allow for non-

fatal cancer. Note that for cancers with low lethality, k approaching zero, the non-fatal weighting

approaches a factor of two.

The second weighting that is involved allows for the fact that if a cancer develops, the amount

of life lost differs depending on the specific cancer site. Table 4 includes the number of years of life

lost for a cancer in each of the organs and tissues for which fatal cancer rates are specified. It can

be seen that for leukemia (bone marrow is the target tissue) there is about three times the loss of

life compared to carcinoma of the bladder. The Commission considers that these two cancers make

different contributions to the detriment. The values given in Table 4 for the loss of life are based

on calculations involving the five populations noted above; a value of 15 years is the mean loss of life

for fatal cancers. For some organs and tissues, e.g., bone surface, liver, skin, and thyroid, the fatal

cancer rates are not determined by the A-bomb survivor data. Thus, for these cancers the loss of life

could not be determined in the same manner; it was set to the mean value of 15 years. For

irradiation of gonadal tissue, the mean loss of life for serious hereditary defects was taken to be 20

years or 1.33 times that for cancer(2).

Table 4 contains all the data needed to assess detriment. The fatal cancer risk coefficient F



is multiplied by 2 - k to allow for non-fatal cancers and by LjL reflecting the different losses of life

for the cancers, where the mean loss of life L is taken as 15 years. The health detriment is then

given by

Detriment = F 4 (2 - k) .
L

The right hand column of Table 4 gives the resultant estimates of detriment. For a population

of all ages, the figure is 7.24% Sv'1 compared with the fatal cancer risk of 5% Sv'1. For a population

of working ages, the fatal cancer risks are 80% of those in Table 4, and the estimated detriment due

to cancer is 4.73 rather than the 5.92% Sv1 in Table 4, while the component from hereditary risk is

0.6% Sv"1 times 1.33 for the longer loss of life. The total detriment for a working population is then

5.53% Sv"1. The number of figures presented in Table 4 and in the above discussion is for the

purpose of ensuring that the arithmetic can be followed. The numbers have an intrinsic uncertainty,

due to the uncertainty in the relative risk derived in the epidemiological studies and secondly arising

from uncertainty in transferring this risk from the study population to the general population. The

end result is that the precision of the values is no more than a factor of 2.

The relative contribution of the various organs and tissues to the total detriment, the tissue

weighting factors in the definition of the effective dose, can be derived from the data in the right-

most column of Table 4. To avoid an impression of undue precision in the biological data, the

Commission elected to round the values as shown in Table 4.

The Effective Dose

The effective dose quantity as defined in the 1990 Recommendations of the ICRP is given

in Eq. 2 with the tissue weighting factors listed in Table 2. As evident from Table 2, the 1990

Recommendation assigns specific weights to a number of tissues which in the 1977 Recommendations

were only considered as part of the remainder tissue group. This was possible largely a result of the

increased medical follow-up period in the epidemiological studies which permitted risk estimates to

be developed for these cancers. In addition, the manner in which the remainder group of tissues is

handled in the calculations has been further specified.

In the 1977 Recommendations the weighting factor (0.30) of the remainder tissue group was

assigned equally among the five highly irradiated tissues not explicitly assigned a weighting factor. The

skin and lens of the eye were excluded. This procedure resulted in some loss of additivity; that is,



the effective dose estimated for two different radiation exposures might not be equal, numerically,

to the value derived from the total organ doses for the procedures. This would arise simply because

the weighting factor for the remainder was being assigned to a different group of tissues. While the

reduction in the weighting factor of the remainder (0.30 and 0.05 in the 1977 and 1990

Recommendations, respectively) reduces the potential non-additivity, the Commission specified a new

procedure for computing the dose to this group of tissues. The 1990 Recommendations suggest that

the remainder weighting factor be applied to the average dose to the radiosensitive tissues of the

body that were not specifically assigned weighting factors. The intent here was to exclude tissues that

are not considered to be at risk, for example, bone mineral. Thus, the Commission details the organs

to be considered as part of the remainder; see the footnote to Table 2.

In the exceptional cases in which one of the remainder tissues or organs is indicated to receive

an equivalent dose in excess of the highest dose in any of the twelve organs for which weighting

factors are specified, half the weighting factor of the remainder (0.025) is applied to that tissue and

the other half is applied to the average equivalent dose in the rest of the remainder. For such

instances, the additivity of the effective dose might be somewhat compromised by this procedure.

In the 1990 Recommendations, a weighting factor is assigned to the colon; (see Table 2). In

the calculations of ICRP Publication 61 (10), this weighting factor was applied to the dose to the

lower large intestine as computed using the gastrointestinal tract model of ICRP Publication 30. The

ICRP Publication 30 (11) dosimetric data base contains no information for the esophagus and since

the transit time in the esophagus is quite rapid, the dose to the thymus was used to approximate the

dose to the esophagus.

The committed effective dose based on the 1990 tissue weighting factors is compared with the

committed effective dose equivalent based on the 1977 weighting factors in Table 5. The data

illustrate the robust nature of the effective dose in that changes in tissue weighting factors largely

have a minor numerical effect on the effective dose per unit intake. For nuclides which fairly

uniformly irradiate the tissue of the body; e.g., H-3 and Cs-137, the changes in weighting factors do

not alter the numerical values. For the radioiodines, the effective dose is determined by the

irradiation of a single target, the thyroid. Since the new weighting factor for the thyroid is somewhat

higher (0.05) than the earlier value (0.03), the effective dose per unit intake for 1-131 in Table 5 is

about 1.7 times greater for the new weighting factors. In a similar manner, for bone-seeking

radionuclides the effective dose per unit intake has decreased due to the lower weighting factor

applied to bone surface (0.01 vs 0.03) - see Ra-226 and Pu-239.



CONCLUSIONS

The purpose of organ dosimetry is to permit an assessment of the risk associated with the

irradiation of body tissues. The principle health risk of concern at the low doses encountered in

diagnostic nuclear medicine and in occupational exposures is radiation carcinogenesis. Without

specific information on the locations of the cells at risk and the origins of the emitted radiations (in

the case of radionuclides within the body), it is assumed that the average dose to the organ is a

reasonable estimator of the dose to the cells at risk. In many instances, a number of tissues are

involved in the radiation and the contribution of each organ to health risk must be summed. In

nuclear medicine to date, rather than specify the dose to each organ or tissue, one finds that the dose

to the total body is used as a single index of the radiation exposure. This quantity has no underlying

biological basis since it reflects neither the distribution of the dose among the tissues nor the

distribution of their sensitivities; it is simply the total energy deposited in the body divided by its mass.

Clearly, there is a need for a single dosimetric quantity that reasonably reflects the health risk

associated with radiation exposures. The effective dose should be used as such a quantity in nuclear

medicine, if for no other reason than overcoming the inappropriate consideration of total body as a

meaningful target tissue.

Certainly the age and gender makeup of the patients undergoing nuclear medicine procedures

will be different from those of the general population and the worker population. However, it is

clear, from the discussions in ICRP Publication 60, that these factors are of minor importance

considering the uncertainties in the epidemiological data and the uncertainties in applying the data

to exposed populations.
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Table .1. Radiation Weighting Factors (2)

Radiation type and energy range1 wR

Photons, all energies

Electrons and unions, all energies

Neutrons, energy < 10 keV 5
10 to 100 keV 10
100 keV to 2 MeV 20
2 to 20 MeV 10
> 20 MeV 5

Protons > 2 MeV 5

Alpha particles, fission
fragments, heavy nuclei 20

1 All values relate to the radiation incident on
the body or, for internal sources, emitted from
the source.



Table 2. Tissue Weighting Factors (1,2)

Tissue Weighting Factor, wT

Tissue or Organ

Gonads

Red Marrow

Colon

Lung

Stomach

Urinary Bladder

Breast

Liver

Esophagus

Thyroid

Skin

Bone Surface

Remainder

1 A value of 0.05 is applicable to each of the five
remaining organs or tissues reciving the highest dose.

2 The remainder is composed of the following tissues and
organs: adrenals, brain, small intestine, upper large
intestine, kidney, muscle, pancreas, spleen, thymus
and uterus. The weighting factor is to be applied to
the average dose in the remainder group.

3 If a member of the remainder receives an equivalent
dose in excess of the highest dose in any of the twelve
organs for which weighting factors are specified, a
weighting factor of 0.025 should be applied to that
organ and a weighting factor of 0.025 applied to the
average dose in the rest of the remainder.

ICRP 26

0.25

0.12

0.12

0.15

0.03

0.03

0.301

ICRP 60

0.20

0.12

0.12

0.12

0.12

0.05

0.05

0.05

0.05

0.05

0.01

0.01

0.052-3



Table 3. Excess lifetime cancer mortality for
acute whole body dose of low LET radiation

Source Risk (% Gy 1)

UNSCEAR, 1977

BEIR III, 1980

UNSCEAR, 1980

BEIR V, 1980

ICRP, 1990
all ages
18-64 years

2,

2 . 3 •

1 1

8 .

1 0
8 .

. 5

- 5 . 0

. 0

8 5

. 0
0



Table 4. Relative

Organ or

Tissue

Bladder

Red Marrow

Fatal
Cancer

(% Sv"1)

0.30

0.50

Bone Surface 0.05

Breast

Colon

Liver

Lung

Esophagus

Ovaries

Skin

Stomach

Thyroid

Remainder

Subtotal

Gonads

0.20

0.85

0.15

0.85

0.30

0.10

0.02

1.10

0.08

0.50

5.00

1.0

Contribution to Detriment

Lethality Loss of
Life

0.50

0.99

0.70

0.50

0.55

0.95

0.95

0.95

0.70

0.002

0.90

0.10

0.71

(y)

9.8

30.9

15.0

18.2

12.5

15.0

13.5

11.5

16.8

15.0

12.4

15.0

13.7

20.0

Total

Detriment

(% SV1)

0.293

1.040

0.065

0.363

1.023

0.158

0.803

0.243

0.146

0.040

1.004

0.152

0.587

5.917

1.330

7.247



Table

Nuclide

H-3

Fe-55

Se-75

Sr-90

Tc-99m

1-131

Cs-137

Ra-226

Pu-239

5. Committed Effective

Inhalation

ICRP-26

1.

7.

1.

6.

8.

8.

8.

2.

1.

73E-11

26E-10

95E-09

47E-08

80E-12

89E-09

63E-09

32E-06

16E-04

(Sv/Bq)

ICRP-60

1.

6.

1.

5.

1.

1.

8.

2.

6.

73E-11

34E-10

57E-09

04E-08

10E-11

47E-08

56E-09

17E-06

87E-05

Dose Coefficients

Ingestion

ICRP-26

1.

1.

2.

3.

1.

1.

1.

3.

9.

73E-11

64E-10

60E-09

85E-08

68E-11

44E-08

35E-08

58E-07

56E-07

(Sv/Bq)

ICRP-60

1

1

2,

3,

2.

2.

1.

2.

5.

.73E-11

.52E-10

.13E-09

.10E-08

.00E-11

.39E-08

.35E-08

25E-07

62E-07


