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ABSTRACT

In a study of the comparative effects of internal versus exiernal
irradiation of the thyroid in young people, we determined that the dose from
internal irradiation of the thyroid with short-lived internal emitters
produced several times less thyrold cancer than did the same dose of radiation
given externally. UWe determined this finding for a group of 85 Marshall
Islands children, who were less than 10 years of age at the time of exposure
and who were accidentally exposed to internal and external thyroid radiation
at an average level of 1400 rad. The assumed risk coefficient for children,
from external radiation alone, was derived from 1) values in The Effects .on
Populations of Exposure to Low Levels of Ionizing Radiation: 1980, National
Academy Press, 2) values in Report of the Ad Hoc Working Group to Develop
Radioepidemiological Tables, National Institutes of Health, and 3) values in
Induction of Thyroid Cancer by Ionizing Radiation, National Council on Radi-
ation Protection, Report 80. The risk from internal irradiation was computed
from dose, health effect results which were reported in a recent BNL study,
and an estimate of the external risk coefficient based on other studies. The
external rigk coefficient ranged between 2.5 and 4.9 cancers per million
person-rad-years at risk, and thus, from our computations, the internal risk
coefficient for the Marshallese children was estimated to range between 1.0
and 1.4 cancers per million person-rad-years at risk.

In contrast, for individuals m~re than 10 years of age at the time of
exposure, the dose from internal irradiation of the thyroid with short-lived
internal emitters produced several times more thyroid cancer than did the same
dose of radiatiom given externally. The external risk coefficients for the
older age groups were reported in the above literature to be in the range of
1.0 to 3.3 cancers per million person-rad-years-at risk. We computed internal
risk coefficients of 3.3 to 8.1 cancers per million person-rad-years at risk
for adolescent and adult groups. This higher sensitivity to cancer induction
in the exposed adolescents and adults, is different from that seen in other
exposed groups. The small number of cancers (9) in the exposed population and
the influence of increased levels of TSH, nonuniform irradiation of the
thyroid, and thyroid cell killing at high dose make it difficult to draw firm
conclusions from these studies.
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.and therapeutic doses from

INTRODUCTION

The long-term health effects of externmal thyroid irradiation are known to
include excess hypothyroidism, thyroid modules, and thyroid cancer, and in
this study we attempt to quantitate the relative risk of internal irradiation
of the thyroid, for indudtion of thyroid cancer. The effects of external
irradiation of child thyroids have been summarized in BEIR IITI (1) and by the
NCRP (2). Internal irradiation of the thyroid from a mixture of radioauclides
has occurred in children as a result of accidental exposure to fallout froa
nuclear weapons testing. Ltsfer nunbers of persons having received diagnostic

1 used in medical applications. Apart-from the
Marshallese, studies of internally irradiated human populations have not
revealed an increased risk of thyroid malignancy (1,2). For example, studies
of a group of children exposed to 90,000 person-rad in Uta?sgave not revealed
any excess thyroid cancer. The fallout in Utah contained 1 and was
reported to deliver up to several hundred rad of absorbed dose to thyroids of
children who were less than 10 years of age (1,2). Theri3ire several studies
which report no carcinogenic effect from large doseslgf I (2). For
example, Holm reported that persons irradiated with 1, with doses ranging
between 6000 and 10,000 rad, exhibited no statistically significant increase
in thyroid cancer (2). Studies of the children in the Marshall Islands con-
ducted since 1954, on the other hand, do show a statistically sigrificant
increase in thyroid cancer in these irradiated subjects. Since the Marshall
Islands' children were exposed simultaneously to external and internal
irradiation, we have analyzed the data in an attempt to relate each type of
exposure, in*ernal versus external radiation, to the observed thyroid health
effects. The mixture of radionuclides, cggsributigg to internal dose in the
Marshallese, included mfgfly short-lived I and I, and only 10-20Z of the
thyroid dose came from I, thus the radiobiological considerations differ
greatly in these various exposure circumstances.

Estimates of thyroid-absorbed dose were recently reassessed for people
exposed to fallout in the Marshall Islands (3). The accidental exposure of
people on March 1, 1954, occurred as a result of nuclear weapons testing.
Over the years, several estimates of thyroid-absorbed dose were made (4,5).
The earliest estimate of thyroild dose was reported by Cronkite (4) who indi-
cated a population-averaged thyroid dose. A 1962 study by James (5) listed
the most probable thyroid doss to girls who were 3 to 4 years old at the time
of exposure. Hfgsver, tYSSJanes dose estimate was flawed by1§¥e incorrect
assoclation of 1 and 1 dose relative to the dose from TI. The most
recent assessment of dose provided detailed information on the type of
nuclides in fallout, the mode of intake, and the contributions from internal
and external sources. The study of Lessard et al. (3) established greater
absorbed dose to people based upon greater intake of the shorter-lived radio-
iodines. The thyroid dose ranged from several hundred to five thousand rad,
and the highest doses were assigned to young people. The revised dose esti-
mates accounted for the radioactivity from all iodine isotopes.

Uncertainties with the dose estimates are associated with the amount of
radioactivity measured in the urine of the exposed people, the intake of the
short-lived radiotelluriua and radioiodine isotopes and percent of thyroid
uptake as as determined from a physiologic model, errors in estimating the
exact amount of each radioiodine isotope, the dose rate and pattern of energy
distribution from this radioiodine mixture, and the shape and thickness of the
thyroid.

Adans et al. (6) reported the medical status of the Marshallese acci-
dentally exposed to fallout. Through March 1985 there were 35 adenomatous
nodules, 5 adenomas, 9 papillary carcinomas, 1 atypical adenoma or follicular
carcinoma, and 2 occult papillary carcinomas. A comparison group of equal



size exhibited 3 adenomatous nodules, 1 adenoms, 2 carcinomas, and 2 occult
papillary carcinomas, one of which may have been a follicular carcinoma.
Uncertainty was associated with diagnosis of follicular carcinoma, one in the
exposed group and one in the comparison group, because of equally divided
opinion among consulting pathologists. However, it was reasoned that both

* follicular carcinomas could be excluded from a risk coefficilent estimate with-
out seriously biasing the results. Diagnoses on five other individuals are
pending. All five are from Utirik Atoll; three are in the <l10-year old age
group, and two are in the 10- to 18-year-old age group.

METHODS

Adams et al. (6) classified thyroid abnormalities following a scheme
similar to that used by the World Health Organization and a committee of
pathologists who had special expertise in diseases of the thyroid (7). The
following nomenclature was used:

Adenomatous nodule: a focal proliferative lesion counsisting of changes
typical of adenomatous goiter; the lesions do not fulfill criteria of true
neoplasas.

Adenoma: an encapsulated proliferative lesion with a uniform internal
growth pattern and benign clinical course.

Occult papillary carcinoma: a small nonencapsulated sclerosing carcinoma,
considered to be clinically benign even with positive regional lymph
nodes.

Papillary carcinoma: larger, infiltrating carcinoma, usually containing
both papillary and follicular components. The smallest lesion diagnosed
as a papillary carcinoma, by the consultant pathologists, was 0.8 cm in
diameter.

The recent computation of thyroid absorbed dose was performed for inhab~
itants of Rongelap, Utirik, and Ailingnae Atolls who were exposed to fallout
on March 1, 1954. The amounf ff fallout activity taken into the body was
estimated from the value of 3 I excreted in urine obtained from 64 persons
who were at nggelap. 1§?e other components of fallout taken into the body,
particularly I and I, had to be inferred from studies on fallout com—
position. The authors of the reassessment study made dose estimates on the
basis of actual BRAVO fallout composition. The intake pathway and the time
post-detonatlon at which intake was likely to have occurred were obtained from
interviews with the exposed people, and historical records and were factored
into the new dose estimates. A detailed development of the dose reassessment
was reported by Lessard et al. (3).

The radioepidemiclogical tables assembled by the Working Group (8) répre-
sented the best scientific judgment for the assignment of cancer risk from
external radiation; thus we obtained one estimate of external exposure risk
coefficient from this source. For persons less than 20 years of age, the
Working Group adopted an average risk coefficient of 3.3 excess cancers per
million person-rad-years at risk, and for persons 20 years or older they chose
a value of 1.0 excess cancer per million person-rad-years at risk. A 10-year
mininum latent period was chosen for thyroid cancer. The Working Group
calculated thyroid cancer risk based on a linear dose-response functioan and
maintained that the estimates of risk applied to external x and gamma irradia-
tion, but not to the intake of radioisotopes of iodine.

The BEIR III (1) risk coefficients were based, in large part, on external



exposure of children less than 10 years of age, and upon data available
through 1979. A central value of 4.0 cancers per million person-rad-years at
risk was reported, but after review of their report, we modified the estimate
to 4.9 cancers per aillion person-rad-years at risk. Our result, based on
this modification, is discussed in the text and is noted in Table 7. The
adjustment was based on weighting the risk coefficient from each study accord-
ing to the number of excess cancers observed; that is, we gave more weight to
cancer risk coefficients developed from studies reporting the greatest number
of cancers. The BEIR risk coefficient was based on a ninimum latent period of
10 years and on studies involving only external irradiation of the thyroid.

Risk coefficients for external and internal radiation were given in NCRP
Report 80 (2), and these coefficients were estimated for a five-year 1T§§nt
Essiod. Report 80 1nd1ca£§f the external risk coefficient applied to T and

T intake, but not for 1 exposure. The two short-lived isotopes of
{odine were assumed to have the same effectivaness as x rays, bscause of the
fairly uniform distribution of doae, and because of the comparatively hizher
dose rates (2). In our analyses, we used risk coefficients for external
exposure computed for 5- and 10-year latent periods derived from the following
reports. We used external risk coefficients from NCRP Report 80 because they
were based on a five~year latent period, and these appear in the results sec-
tion along with the coefficients developed by the Working Group, which were
based on a ten-year latent period.

Risk coefficient estimates, made here, were bagsed on the total external
and internal thyroid dose, the total number of cancers, the risk value pub-~
lished for external irradiation of the thyroid, and the partitioning of
external and internal dose as follows

AB+CD=(A+ C)E, (1)
where
A = the person-rad to all thyroids from radioisotopes of iodine,

B = the risk coefficient for internal exposure of the thyroid from
radioisotopes of iodine, cancers per person-rad-years at risk,

C = the person~rad to all thyroids from external gamma radiation,

D = the risk coegficient from external exposure of the thyroid, for exam=-
ple, 1.0x107° cancers per person-rad-years at gisk for adults, or in
the case of children <10 years of age, 4.9x10”° cancers per person-
rad-years at risk, and

E = the risk coefficient determined from the observed health effects, the
total thyroid dose, and the spontaneous rates of thyroid disease in
the Marshall Islands subjects. The value of E was computed from Eq.
(2-1) given in NCRP Report 80 (2).

Computations of B and E were for latent periods of both 5 and 10 years,
since the length of latent period affects the years at risk and the risk
coefficient. Years at risk are the period from the end of the latent peried
to the time cancer is obgerved in a subject. The value for years at risk
strongly affected the computation of risk coefficients.

RESULTS

The data in the Appendix are the result of 31 years of medical and



radiological follow-up and, in the case of cancer diagnosis, of consensus
opinion of pathologists. The Appendix is provided to allow others to perfora
different analyses of the data, recognizing that the data base is incomplete.
Verifying the data over the last seven years has resulted in changes in age,
identification number, assizned dose, and diagnosis. Several independent
groups reported age at exposure, and the Adams et al. (6) version was used
here. Different ages at exposure influences the age distribution of cancers,
which in turn impacts strongly on the risk coefficient for a given age group.

The external thyroid dose was due to gamma exposure from the fallout
cloud and fallout on the ground, and was taken as equal to the external
whole-body dose reported by Leasard et al. (3), i.e., 190 rad at Rongelap, 110
rad at Ailingnae, and 11 rad at Utirik.

These external doses were estimated for a point which was 1 meter above
the ground, thus some variation in external thyroid dose with a person's
height may have occurred. To a first approximation external thyroid dose is
inversly proportional to height above the ground. We derived this proportion-
ality by neglecting photon attenuation and buildup, and by limiting the height
above ground to between 0.5 and 1.5 meters. The impact on the risk coeffi-
cient estimates, relative to assuming that external thyroid dose was height
dependent, was minimal, since the person-rad from external exposure was much
much less than the person-rad from internal exposure.

The data for the unexposed comparison groups are indicated in Table 1.
In the age- and sex-matched comparison group used for this study, two papil-
lary carcinomas have been observed. The summary is completed through 1983.
To apply the data for risk coefficient determination, we modified the matched
group results by the ratio of 31/29, which corrects for the difference in the
nunber of reported observation years. The larger, less defined comparison
population studied by Conard et al. (7) is shown in the first half of Table 1
to show that spontaneous cancer risk is not a strong function of group age for
the Marshallese people. The comparison data indicated a spontaneous rate of
3x10™" canmcers per person-rad-years at risk;a A lower spontaneous rate has
been reported for the U.S. population, 1x10 ~ per person per year (2). The
Marshallese comparison data were used in the risk coefficient computations
made here.

A summary of data in the Appendix appears in Tables 2 through 4. Note
that out of 9 papillary cancers listed in the Appendix, only 2 were observed
in males. This male to female ratio is similar to that reported in other
studies (1,2,8). Tables 2 through 4 contain the input data which we used with
Eq. (1). The data were grouped in the same manner as in other reports dealing
with cancer and radiation exposure of the thyroid. The age groups were the
same as that used by Conard et al. (7) and Adams et al. (6). To determine the
average years post-exposure to onset of carcinoma, we set onset of carcinoma
as the time of clinical observation of a thyroid nodule; thus, a latent period
was assumed, but a period of several years could have elapsed before a nodule
became large enough for detection by routine palpation by the physician.
Therefore, the true latent period could be shorter than that assumed here.
Tables 2 through 4 include the expected carcinomas, computed from the age- and
sex-matched comparison group, and a summary of the total person-rad from man—
made internal and external sources.
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Table 1

Summary of Thyroid Abnormalities in the
Marghallese Unexposed Comparison Groups 1954-1983

Group Total
Age 1954 Number Nodules Carcinoma Hypofunction
<10 229 6 2 -
10-18 79 6 1 1
>18 292 25 2 1

Total 600 37 5 2

Age- and Sex—

Matched Group 227 5 2 -~
Followed
Since 1954

Table 2

Age Group <10 Data Summary

Number Of PerSONS..ssccesescssecccsestassssosassssassstteanasrsssssasscassse 35
Internal Exposure, Person=Rad.sscesescccescecssasescssascsonsesensnsss 120,000
External Exposure, PerSon=Rad.eescssssccecscncsssssoccsssssnsassscansasss 5400
Number of Observed CarcinomaAS.sececesscserssoscoscscosssavaassacenvorososossss 3
Average Years Post-Exposure to Onset of CarcinomB.cceceisncessscsoanansses 22
Assumed Latent Period, YearS.:esesceescsssccocscossersasctrssccsncnsvesse 9 and 10

Number of Expected Spontanecus CArcinomaScceceessscececsasccssoascccsnnns 0.80



Table 3

Age Group 10 to 18 Data Summary

Number Of PerSONS.:ccsssscecccscsssancncsssessscsssnssonsoscassscancscccsass J2
Ini arnal Exposure, Person=Radeccsccccscessessosscccnsasssscsssscssasss 18,000
External Exposure, Person-=Rad....cciescececetcsncasnssssccassssnvsnesane 2500
Number of Observed CATCiNOMASeccosacttsnsossoasscscssssvescssssssssoscsancas I
Average Years Poét-Exposure to Onset of CarcinOmMAcscecveceasssncscncacese 28
Asgumed Latent Period, YearSe:eeececocsssecnccecccsaarsssavescnassnses 3 and 10

Number of Expected Spontaneous CarcinomasS.ecesteecscosrcssscsscascacass 0.30

Table 4

Age Group »18 Data Summary

Number Of PersonSecsssecsccscssscoccessarsssssssecsccossascssscsnscassnesces 120
Internal Exposure, Person=Rad.eecccsesssececcassassssssossassssssaseass 48,000
External Exposure, Person=Rad..sesececccsccssseccccscsaransnsnsssanaesss 8,000
Number of Observed CarcinomaSccccecccsssecesvossannssnososenssanseoccsassnnas 3
Average Years Post—Exposure to Ouset of Carcinomacescecesecesscscssnosses 16
Assumed Latent Period, YearSccceeecccecscccccoscaasssnnrcoscssacssenss 5 and 10

Number of Expected Spontaneous CarcinomaS..svecscscecsssassscccosscnersae 1.1
Table 5

Risk Coefficients? for Marshall Islanders, 10-Year Latent Period

Excess Years
Group Thyroid Total at Risk
Age 1954 Number Cancers Person-Rad Risk Coefficient
<10 85 2.2 120,000 12.2 1.5x1078
10-18 32 2.7 21,000 17.7 7.4x1076
>18 120 1.9 56,000 6.2 5.4x1076
Total 237 6.8 200,000 11.3 3.0x107%

4Thyrold cancers per person-rad-years at risk, based on thyroid dose from

internal plus external sources.



Table 6

Risk Coefficients® for Marshall Islanders, 5-Year Latent Per:od

Excess Years
Group Thyroid Total at Risk
Age 1954 Number Cancers Person-Rad Risk Coefficient
<10 85 2.2 120,000 17,2 1.].):10_6
10-18 32 2.7 21,000 22.7 5.8x1076
>18 120 1.9 56,000 11.2 3.0x10"%6
Total 237 6.8 200,000 14.9 2.3x10'6

4Thyroid cancers per person-rad-years at risk, based on thyroid dose from

internal plus external sources.

Table 7

Estimated Risk Coefficient?® for Internal and External Exposure

10-Year Latent Period

5-Year Latent Period

External Internal External Internal
Group Risk Risk Risk Risk
Age 1954 Number Coefficient Coefficient Coefficient Coefficient
<10 85 3.3x10°6 1.4x1076(P) 2 341076 1.0x1076
10-18 12 3.3x1078 8.0x1075 2.5x10~6 6.3x1076
>18 120 1.0x1076  6.1x107® 1.3x1078 3.3x1076
Total 237 2.1x1076 4.7x1078 1.9x10~% 2.9x107%

3Thyroid cancers per person~rad-years at risk.

by value of 1.3x107° results when 4.9x10™% is used for the external risk

coefficient.



The risk coefficient, E, for different age groups, computed from total
dose resulting from internal plgs external exposure for Marshall Islanders,
ranged from 1.5x10 ° to 7.4x10_6 per person-rad-years at risk, assuming a 10-
year latent period, and 1.1x10 ° to 5.8x10™°, asssuming a S5-year latent
period. These data are indicated in Tables 5 and 6, respectively. The total
risk coefficlent, E, was used in Eq. (1) to determine the internal risk coef-
ficient, B. _gor external risk coeffiséents and 10-year latent period, we
chose 3.3x10" 7 for age <20 and 1.0x107° for age >20 hased on the Working Grou
study (8); for 5-year latent period we chose 2.5x10°° for age <18 and 1.3x10™
for age »18, based on NCRP Report 80 (2). The results for internal risk coef-
ficients are in Table 7. Finally, as we explained in the Methods, we chose a
special value for the {l0-year age group, since it was ba%ed on a large group
of children exposed to x rays (1). This value was 4.9x10" ° cancers per person~
rad-yeags at risk, and the estimate for the internal risk coefficient was
1.3x107°, virtually the same as the value given in Table 7 for the l0-year
latent period.

A tabulation of risk coefficient versus internal thyroid dose is given in
Table 8. These internal dose groupings resulted in little variation in exter-
nal dose as a function of age. ‘These groupings were made to examine the
affect of dose on the value for internal risk coefficient.

Table 8

Average Dose Versus Internal and
External Risk Coefficients, l0-Year Latent Period

Average Average
Internal Internal External External Total
Group Thyroid Risk Thyroid Risk Risk
Age 1954 Dose, rad Coefficient? Dose, rad Coefficient® Coefficient?
<10 1400 1.4x1076 63 3.3x1076 1.5x1078
10-18 560 8.0x10"6 78 3.3x10"8 7.4x107°
>18 400 6.1x1078 66 1.0x1076 5.4x1070
3This study.

bReference 8.

A sensitivity analysis, of the parameters in Eq. (1), shows that the
value for the total risk coefficient, E, impacts greatly on the estimate of
the internal risk coefficient, B, in this specific Marshall Islands study.
This is because of the wide difference between internal thyroid dose, A, and
external thyroid dose, C. Thus, our estimate of internal risk coefficient
depeuds largely on the observed incidence of thyroid cancer because the total
risk coeffl:ient, E, is very sensitive to the small number of spontaneous and
excess thyroid cancers observed.



DISCUSSION/CONCLUSION

Interest in the relative risk of 1311 taken internally and external
radiation dose to the thyroid relates to radiation protection and medical care
issues. Unfortunately for those interested in obtaining information on this
important issue, the complex wmixture of radionuclides taken up by the Marshal-
lese precludes such an analysis. The results obtained for these studies are
gpecific to the case where the thyroid dose was due to a mixture of short-
lived radioisotopes of iodine, some of which were produced by the decay of
tellurium within the body. Current information on animal and human data Ygf
summarized receatly in NCRP Report 80 (2). The Committee concluded that I
was less then one third as effective for thyroid cancer induction as external
radiation. This can not be compared f§f°°tly to the results of the present
study because of the small amount of I in the Marshallese exposures. In
most animal studies, which used rodents, high TSH levels were found to be
necesgary co-factors for thyroid cancer induction. Thus, goitrogen plus 1311
exposures were needed to induce thyroid cancer, except in several studies
using Long~Evans ratslgyich behaved differently from all other strains
studied. Results of I treatment of children for hyperthyroidism were
reported in two large studies. In reviewing results of treatment of nine
children, Sheline et al. (9) found that all of them subsequently developed
thyroid nodules and one was diagnosed as having of thyroid cancer, about which
there was disagreement regarding piskology. None of those children received
thyroid replacement therapy after I treatment, and all presumably developed
high endogenous TSH levels. In Los ﬁgieles, at a later date, 73 children were
treated with approximately the same I dose, all were placed on thyroid
replacement, and none developed thyroid nodules (10). Thus the relative risk
of thyroid dose from internal emitters compared to external radiation for
Marshall Islanders may be influenced by a high TSH co-factor, since thyroid
replacement therapy began 1l years after exposure. Replacement therapy was
recommended only for the high-dose group which, at that time, was thought to
be the people at Rongelap.

Also no increased incidence of thyroid cancer was sf§¥ in large numbers
of human subjects exposed to similar or highefadoses of I in the treatment
of thyrotoxicosis (11), or in children given I in lower diagnostic doses
(12).

Hypothyroidism is a nonstochastic effect of ionizing radiation exposure,
with estimated threshold for induction of 2000 rad to the thyroid (l). In the
Marshallese children, whose thyroids were exposed to doses in the several
thousand rad range, hypothyroidism and increased TSH levels certainly existed
in the early years following exposure. In later years, uneven acceptance of
thyroid supplementation by children may have led to persistent increased TSH
levels. The combination of high TSH and high internal and extermal radiation
doses may account for the unusually high incidence of nodules in this popula-

. tion, and in the unusual age distribution of sensitivity.

The numbers of individuals in the study are small, and statistical segre-
gation of the interacting factors is not possible. Thus, it will be difficult
to draw precise conclusions from this study with respect to apportionment of
risk between internal and external dfgfs. ggrther, f?g differences between
the rigﬁologicTascharacteristics of I, I, and I and the 1ar§§I doses
from’ I and I make it difficult to assess the relative risk of I and
external radiation in this circumstance. A simple statistical model was used
(3) to indicate the one sigma confidence interval. This confidence interval
is indicated in the following paragraph in parentheses. The standard devia-
tion of the risk estimate, E, was 1.5 times the average value for the risk
estimate, and development of this standard deviation was given by Lessard et
al. (3)« i

.
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The results support the notion that externsal risk coefficients are
different from internal risk coefficients following exposure to aﬁuixed
radiation field. The total risk coefficients [3.0x107° (#&. leg ) cancer
per person-rad-year at risk, l0-year latent period, and 2.3x107° (3. 5x10
cancers per person-rad-year at risk, 5-year latent period] are similar to the
literature values (1,2) for this zge distribution and for external exponurg
The literature values are 2.1x10"° for a l10-year latent period and 1.9x10~
for a 5-year latent period. However, if the risk is examined as a function of
age or as a function of dose, differences are encountered. For example, the
ratio of the risk coefficient for external exposure to the risk coefficient
for internal exposure, in the <10 year age group, is 2.5 (0.38 to 4.6). In
the 10- to l8-year age group, this risk coefficient ratio is 0.40 (0.22 to
2.6).

Small group size, in this study, and the uncertainties reported in
studies on medical and fallout exposures make it difficult to establish rela-
tive risks of thyroid cancer from internal and external radiation doses to the
thyroid. The possible synergistic effect of internal and external exposures
and the modifying factors such as high TSH levels and nonuniform irradiation
of thyroid cells complicate the biological interpretation of the risk. 1In
this study, different age groups correspond to different doge levels, and very
high dose to the thyroid may be a significant modifying factor. Because of
. the high interest in evaluating human sensitivity to I continued efforts
are needed to obtain data and to conduct analyses that w111 establish better
estimates of risk coefficients than are now available. It is not likely that
data for the Marshallese exposures will contribute to the answer to that
important question.
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APPENDIX

Tabulation of Thyroid Dose
and Thyroid Health Effects

Rongelap and Ailingnae Population

I Sex Age in Comment Diagnosis Internal Years
Number 1954 Thyroid Post
Dose, Exposure
Rad
*1 F 52 Died 1985 290
2 M 1 Adenomatous Nodule 5000 11
3 M 1 Myxedema 5000
4 M 36 1000
5 M 1 Myxedema 5000
*6 M 1 1300
7 M 34 1000
*8 F 5 Adenomatous Nodule 740 18.5
9 ‘M 20 1000
10 M 22 1000
11 M 48 1000
12 F 16 1200
13 F 59 Died 1966 1100
14 F 3 3500
15 F 5 Surgery(2x) Adenomatous Nodule 2800 22;32
*16 M 37 280
17 F 1 Adenomatous Nodule 5000 19.5
18 F 19 Papillary Carcinoma 1100 15.5
19 M 3 Adenomatous Nodule 3500 14.5
20 M 5 Adenomatous Nodule 2800 11
21 F 1 Adenomatous Nodule 5000 0.5
22 F 15 1300
23 M 2 Adenomatous Nod.ile 4000 14.5
24 F 11 1700
25 M 44 Died 1956 1000
26 o 13 Died 1962 1500
27 M 33 1000
*28 F 69 Died 1965 290
*29 M 65 Died 1966 280
30 F 52 Died 1962 1100
*31 h 31 Died 1958 280
32 M 2 4000
33 F 1 Adenomatous Nodule 5000 12
34 F 43 1100
3 M 11 1700
36 M 5 Adenomatous Nodule 2800 15.5
37 o 18 1000
38 M 75 Died 1957 1000
39 F 13 1500
40 M 31 1000
*41 M 42 280
42 F 1 Adenomatous Nodule 5000 12
*43 F 67 Died 1964 290



Tabulation of Thyroid Dose
and Thyroid Health Effects
(Continued)

Rongelap and Ailingnae Population

ID Sex Age in Comment Diagnosis Internal Years
Number 1954 Thyroid Post
Dose, Exposure
Rad
*44 M 2
*45 F 30 Adenomatous Nodule 290 19
46 M 76 Died 1962 1000 .
47 o 6 2400
*48 F 4 820
49 F 13 1500
*50 M 3 Died 1971 280
*51 F 23 Died 1982 Follicular Adenoma 290 20
52 F 46 Died 1963 1100
*53 F 5 Adenomatous Nodule 740 27
with Occult Papillary
Carcinoma
54 M 1 Died 1972 Adenomatous Nodule 5000 14.5
55 M 76 Died 1968 1000
56 F 67 Died 1962 1100
57 F 98 Died 1963 1100
58 F 59 Died 1977 1100
*59 F 44 Died 1968 Adenomatous Nodule 290 12
60 F 56 Died 1972 1100
61 F 6 Adencmatous Nodule 2400 12
62 F 55 Died 1959 1100
63 F 3 1100
64 F 28 Papillary Carcinoma 1100 11
65 F 1 Adenomatous Nodule 5000 12
66 F 29 Adenomatous Nodule 1100 25.5
67 F 12 Papillary Carcinoma 1600 31
68 M 44 Died 1974 1000
69 F 2 Adenomatous Nodule 4000 10.5
*70 F 5 740
71 F 26 1100
72 M 5 Papillary Carcinoma 2800 15.5
73 M 16 1200
74 F 14 Papillary Carcinoma 1400 22
75 F 10 Adenomatous Nodule 1800 18.5
with Follicular Adenoma
76 M 9 2000
77 M 24 1000
78 P 35 1100
79 M 37 1000
80 M 44 Died 1983 1000
%81 F 6 640
82 b 49 Died 1980 1000
83 M 1In Utero Adenomatous Nodule 20
64 M 1In Utero



Tabulation of Thyroid Dose
and Thyroid Health Effecta

(Continued)

Rongelap and Ailingnae Population

ID Sex Age in Comment Diagnosis Internal Years
Number 1954 Thyroid Post
Dose, Exposure
Rad
85 M In Utero Adenomatous Nodule 25.5
86 F In Utero
*Aflingnae Exposed
Utirik Population
2101 M 48 Died 1968 150
2102 o 3 480
2103 M 43 150
2104 F 22 160
2105 M 45 150
2106 M 4 430
2107 F 25 160
2108 M 11 250
2109 F 45 Died 1978 160
21160 M 47 150
2111 F 6 340
2112 M 53 Died 1968 150
2113 F 3 480
2114 M 40 150
2115 M 1 670
2116 F 21 Died 1960 160
2117 F 24 160
2119 F 18 160
2120 H 4 Died 1982 430
2121 M 57 Died 1965 150
2122 M 82 Died 1959 150
2123 b | 15 200
2124 M 2 350
2125 24 37 150
2126 F 5 390
2127 M 68 Died 1959 150
2128 F 8 Died 1985 310
2129 F 17 160
2130 F 3 480
2131 F 29 Died 160
2132 F 1 Adenomatous Nodule 670 27
2134 F 1 670
2135 M 31 Died 1977 150



Tabulation of Thyroid Dose
and Thyroid Health Effects

(Countinued)

Utirik Population

ID Sex Age in Comment Diagnosis Internal Years
Number 1954 Thyroid Post
Dose, Exposure
Rad
2136 M 3 480
2137 M 14 220
2138 F 4 430
2139 F 44 160
2140 F 45 160
2141 F 53 Died 1968 160
2142 M 5 390
2143 M 3 480
2144 M 7 330
2145 M 34 150
2146 F 36 Died 1980 160
2147 F 5 Adenomatous Nodule 390 25.5
2148 M 44 150
2149 F 9 Diagnosis Pending 300 30
2150 M 10 270
2150 M 12 Follicular Adenoma 240 22
2151 F 4 ) 430
2152 “ 17 Papillary Carcinoma 150 30
2153 M 1 670
2154 F 40 Died 1965 160
2155 M 1 670
2156 M 8 310
2157 M 26 Died 1984 150
2158 F 28 160
2159 F 3 480
2160 F 4 Paplllary Carcinoma 430 21
2161 F 29 Died 1981 160
2162 F 32 160
2163 o 65 Died 1964-65? 150
2164 F 7 Died 1984 330
2165 M 11 250
2166 M 38 150
2167 M 14 220
2168 “ 18 Died 1984 Diagnosis Pending 150 30
2169 M 62 Died 1978 150
2170 M 41 Died 1959 150
2171 F 2 Papillary Carcinoma 550 30
2172 F 12 Diagnosis Peunding 240 30
2174 M 1 670
2175 M 57 Died 1970 150
2176 M 10 270
2177 M 5 Died 1961 390
2178 M 19 Died 1972 150
2179 M 2 550
2180 M 70 Died 1960 150



Tabulation of Thyroid Dose
and Thyroid Health Effects
(Continued)

Utirik Population

ID Sex Age in Comment Diagnosis Internal Years
Number 1954 Thyroid Post
Dose, Exposure
Rad
2181 M 65 Died 1967 150
2182 F 52 160
2183 M 56 Died 1965 150
2184 M 60 Died 1961 150
2185 M 32 Died 1984 150
2187 F 56 Died 1959 160
2188 M 3 480
2189 F 26 160
2190 F 75 Died 1964~65? 160
2191 b3 75 Died 1969 160
2192 F 74 Died 1964-65? 160
2193 F 31 Adenomatous Nodule 160 25
2194 F 35 Died 1984 Papillary Carcinoma 160 22
2195 F 24 Adenomatous Nodule 160 25
2196 F 38 Adenomatous Nodule 160 26.5
2197 F 3 Diagnosis Pending 480 31
2198 F. 58 Died 1979 160
2199 F 42 Died 1961 160
2200 F 43 160
2201 F 50 Died 1974 160
2202 F 59 Died 1967 160
2203 F 62 Died 1963 160
2204 F 60 Died 1965 160
2205 M 29 150
2206 M 32 150
2207 M 5 390
2208 F 37 Adenomatous Nodule 160 19
2209 F 5 390
2210 F 1 670
2212 F 34 Adenomatous Nodules 160 19
2213 F 1 670
2214 M 65 Died 1969 150
2215 M 1 Adenomatous Yodule 670 25.5
with Occult Papillary
Carcinoma
2216 F 33 160
2217 F 22 160
2218 F 1 670
2219 F 54 Died 1957 160
2220 F 25 160
2221 F 52 Adenomatous Nodules 160 19
2222 F 60 Died 1957 160
2223 F 66 Died 1967 160
2224 F 31 160
2225 F [ Diagnosis Pending 340 30



Tabulation of Thyroid Dose’
and Thyroid Health Effects
(Continued)

Utirik Population

ID Sex Age in Comment Diagnosis Internal  Years
Number 1954 Thyroid Post
Dose, Exposure
Rad
2226 F 1 670
2227 F 4 430
2228 F 8 3i0
2229 ¥ 18 Follicular Carcinoma 160 15.5
Posaible Atypical Adenoma
2230 F 13 230
2231 F 1 670
2232 M 1 570
2234 M 12 240
2235 M 7 330
2236 M 11 Follicular Adenoma 260 24
2237 M 7 330
2238 F 54 Died 1965 160
2239 F 3 Adenomatous Nodule 480 27
2240 M 33 Died 1977 150
2241 F 28 Died 1981 150
2242 M 1 670
2243 M 46 Died 1958 150
2245 M 1 670
2246 F b Died 1971 160
2247 F ¢ 310
2248 F 15 Occult Papillary 200 29
Carcinoma
2249 F 15 200
2250 M 10 270
2251 F 4 430
2252 M 39 Died 1972 150
2253 M 45 Died 1965 150
2254 F 5 390
2255 F 1 670
2256 F 5 390
2257 M 7 330
2258 H 47 Died 1971 150
225 F 21 Died 1968 160
2260 F 1 670
2261 M 26 150
2268 M In Utero
2269 M Ia Utero
2271 M In Utero
2273 M In Utero
2274 M In Utero
2276 M In Utero
2277 F In Utero
2548 M In Utero



