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The AAAS-Newcomb Cleveland Prize is awarded annually to 

the author of an outstanding paper published in Science from Sep- 
tember through August. The competition year starts with the 2 
September 1977 issue of Science and ends with that of 25 August 
1978. The value of the prize is $5000; the winner also receives a 
bronze medal. 

Reports and Articles that include original research data, 
theories, or syntheses and are fundamental contributions to basic 
knowledge or technical achievements of far-reaching consequence 
are eligible for consideration for the prize. The paper must be a 
first-time publication of the author's own work. Reference to 
pertinent earlier work by the author may be included to give per- 
spective. 

Throughout the year, readers are invited to nominate papers ap- 

pearing in the Reports or Articles section. Nominations must be 
typed, and the following information provided: the title of the pa- 
per, issue in which it was published, author's name, and a brief 
statement of justification for nomination. Nominations should be 
submitted to AAAS-Newcomb Cleveland Prize, AAAS, 1515 
Massachusetts Avenue, NW, Washington, D.C. 20005. Final 
selection will rest with a panel of distinguished scientists ap- 
pointed by the Board of Directors. 

The award will be presented at a session of the annual meeting at 
which the winner will be invited to present a paper reviewing the field 
related to the prizewinning research. The review paper will subse- 
quently be published in Science. In cases of multiple authorship, 
the prize will be divided equally between or among the authors; 
the senior author will be invited to speak at the annual meeting. 

Reports 

formed only for the 131I-milk-thyroid 
pathway (4). In this report we summarize 
the results of the calculations made after 
the September event. 

To calculate the individual doses we 
used Eq. 1 for milk ingestion and air in- 
halation and Eq. 2 for air submersion 
(that is, external irradiation of individ- 
uals because of radionuclides in the air): 

ID = (Cj) (IR) (DCF) (1) 

ID = 24 (Cj) (DF) (2) 
United States Population Dose Estimates for Iodine-131 in the 

Thyroid After the Chinese Atmospheric Nuclear Weapons Tests 

Abstract. Analysis of samples collected within the United States after the Chinese 
atmospheric nuclear weapons tests of 26 September and 17 November 1976 indicates 
that the radiation dose to the thyroid from iodine-131 in milk was predominant. A 
U.S. population dose to the thyroid of 68,000 man-rads was calculatedfor the iodine- 
131 fallout. The four excess thyroid cancers that are estimated to occur as a result of 
the September test during the next 45 years will be masked by the 380,000 cases of 
thyroid cancer which are expected to occur in the United States from all causes 
during the same interval. 

The People's Republic of China con- 
ducted atmospheric nuclear weapons 
tests on 26 September 1976 and 17 No- 
vember 1976. The Office of Radiation 
Programs (ORP) within the Environmen- 
tal Protection Agency operates the Envi- 
ronmental Radiation Ambient Mon- 
itoring System (ERAMS) (1) which con- 
sists of a nationwide network of sam- 
pling stations where measurements are 
made of ambient radiation levels in milk, 
air, and precipitation. After the Septem- 
ber and the November weapons tests the 
EPA's Eastern Environmental Radiation 
Facility analyzed the milk, air, and pre- 
cipitation samples that had been collect- 
ed after both events. The increase in en- 
vironmental levels of radioactivity mea- 

sured after the second event was so low 
that meaningful dose (2) calculations 
could not be made. For the first event, 
individual doses were calculated for all 
radionuclides detected in milk (89Sr, 90Sr, 
1311, 137Cs, 140Ba) and air (95Zr, 95Nb, 
l06Ru, 131I, 14Ba, 144Ce) to give an in- 
dication of the relative significance of 
these nuclides for various pathways (3). 
The individual doses were calculated for 
the sampling stations showing the high- 
est amounts of radioactivity. For the cal- 
culated individual doses, the dose from 
the 131I-milk-thyroid pathway was a fac- 
tor of 7.5 higher than the next highest 
dose which was for the 89Sr-milk-bone 
pathway. Therefore, detailed short-term 
population dose calculations were per- 
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where ID is the individual dose for the 

integration period expressed as millirems 
except for 131I in milk which is expressed 
as millirads; Cj is the integrated radio- 
nuclide concentration in milk or air for 
the highest station, corrected to sample 
collection time (picocuries times days 
per liter or per cubic meter); IR is the in- 
dividual intake rate of milk or air for the 
critical receptor (liters per day or cubic 
meters per day); DCF is the dose com- 
mitment factor for critical receptor (mil- 
lirems per picocurie intake except for 131I 
in milk which is millirads per picocurie 
intake); 24 is for the hours in 1 day; and 
DF is the skin or total body dose factor 
for the critical receptor (millirems per 
hour per picocurie per cubic meter). For 
the milk pathway, the infant is the criti- 
cal receptor. An infant milk consumption 
rate of 1 liter per day (5) and an in- 

tegration period from 1 October to 12 
November 1976 (the period during which 
milk levels were elevated) is used. For 
the inhalation pathway, the child and 
adult are critical receptors with breath- 
ing rates of 10.4 m3/day and 22 m3/day, 
respectively (6). The integration period 
is 1 October to 10 October 1976, for in- 
halation and the submersion pathway. 
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Dose commitment factors for the milk in- 
gestion and the air inhalation pathways 
are from Regulatory Guide 1.109 (7) ex- 
cept for the 131I in milk. Dose com- 
mitment factors for 131I in milk are from 
Kereiakes et al. (8) and are based on 
more recent data on the uptake of 131I by 
the thyroid than the data in (7). Dose 
factors for the submersion pathway are 
from the FESALAP report (9) since they 
are not given in Regulatory Guide 1.109. 
The individual doses are listed in Table 
1. The highest individual dose calculated 
(18.4 mrad) is for 131I in milk, and the 
next highest dose calculated (2.4 mrem) 
is for 89Sr in milk. The inhalation doses 
are more than a factor of 10 below the 
dose for 131I in milk. The calculated sub- 
mersion doses for skin and total body are 
insignificant (<10-2 mrem). 

The equation used to calculate the thy- 
roid population dose is: 

PD= 5106 1 4 2((MC 
43p j=l i = m= 

(fm)(fJ)(DCFi) exp- rtm) (3) 

where PD is the U.S. population dose (man- 
rads) to the thyroid from 131I in milk 
during the period 1 October to 12 No- 
vember 1976; 106 is the conversion factor 
(pounds to million pounds); j is the sum- 
mation index for state (51 states; includ- 

ing all states and the District of Colum- 
bia); i is the summation index for age 
group (four age groups); m is the summa- 
tion index for food group (two food 
groups); Cj is the integrated net milk con- 
centration for a state corrected to sample 
collection date (picocuries times days 
per liter); MCj is the total fluid milk and 
fluid milk products consumption for a 
state (million pounds); fm is the fraction 
of milk used for food group m (dimen- 
sionless); fi is the fraction of total milk 
consumption used by age group i (dimen- 
sionless); DCFi is the ingestion dose 
commitment factor for age group i (man- 
rads committed per picocuries of 131I in- 
gested); Xr is the 131I radioactive decay 
constant (day-l); tm is the time between 
sample collection and consumption 
(days); 43 is for the days in the period of 
integration; and p is the milk density 
(pounds per liter). 

The portion of the ERAMS network 
responsible for sampling pasteurized 
milk includes 63 stations in the United 
States with at least one sampling station 
in each state and the District of Colum- 
bia. Net (10) 131I concentrations in milk 
for the period 1 October through 12 No- 
vember are plotted and integrated to ob- 
tain the integrated milk concentrations 
(Cj). For states with only one sampling 
station, the integrated milk concentra- 

tion for that location is used as the value 
of Cj for the entire state. For states with 
more than one sampling station, an aver- 
age of the data for each location is used 
for Cj. 

Total U.S. milk production of 13,434 
million pounds for the integration period 
is estimated by extending the data from 
the U.S. Department of Agriculture 
(USDA) on milk production for October 
1976 (11) through November 12. It is as- 
sumed that all of this milk produced do- 
mestically would be consumed within 
the United States, and milk consumption 
in each state is estimated from U.S. Cen- 
sus Bureau statistical data on state popu- 
lations (12). 

The fraction of the total milk con- 
sumption going into different dairy prod- 
ucts is estimated from USDA milk utili- 
zation data for 1975 (13). After consulta- 
tion with USDA dairy personnel two 
food groups were established: 

Food group 1. This group includes 
butter, ice cream, cheese, canned and 
condensed milk, dry milk, and other 
manufactured products. The fraction of 
total U.S. milk consumption (fm) equals 
0.52. Marketing-to-consumption time 
(tm) equals 30 days. 

Food group 2. This group includes 
fluid milk products, cottage cheese, and 
residual milk. The fraction of total U.S. 

Fig. 1. Population thyroid dose (man-rad) by state for the period 1 October to 12 November 1976. Asterisks indicate best estimates based on 
laboratory measurements of 1311 levels below the minimum detectable level at the 95 percent confidence limit. 
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Table 1. Maximum doses for various radionuclides to individuals in the United States. All doses 
are given in millirems, except for 1311 from milk which is given in millirads. 

Radio- Individual T Location Tissue nuclide dose 

Milk pathway 
89Sr Hartford, Connecticut 2.4 Infant bone 
"9Sr Norfolk, Virginia 1.1 Infant bone 
131I Baltimore, Maryland 1.84 x 101 Infant thyroid 
137Cs Jackson, Mississippi 2.0 x 10-1 Infant liver 
'40Ba Hartford, Connecticut 1.0 x 10-1 Infant bone 
140La* Hartford, Connecticut 7.0 x 10-2 Infant gastrointestinal tract 

Air inhalation pathwayt 
95Zr, 9Nb Miami, Florida 1.5 x 10-2 Child lung 
103Ru, 106Ru Miami, Florida 7.0 x 10-1 Child lung 
1311 Miami, Florida 1.0 x 10-1 Child thyroid 
40?Ba Miami, Florida 4.0 x 10-2 Child lung 
'40La* Miami, Florida 1.9 x 10-2 Adult gastrointestinal tract 
'41Ce, '4Ce Miami, Florida 1.0 Child lung 

Air submersion pathwaytt 
All nuclides listed Miami, Florida 2.1 x 10-3 Skin 

under inhalation 6.8 x 10-4 Total body 

*'4oLa is assumed to be in equilibrium with 140Ba. tThe doses for air inhalation and submersion are gross 
doses (no background subtracted); background levels for specific nuclides are not available. tWe as- 
sumed that the submersion doses would be the same for all age groups. 

milk consumption (fm) equals 0.48. Mar- 

keting-to-consumption time (tm) equals 1 

day. 
Using the four age groups described in 

Regulatory Guide 1.109 (7), U.S. Census 
Bureau age-dependent population data 

(14), and age-dependent milk consump- 
tion data from ICRP Report No. 23 (5), 
we calculated the fractional milk con- 

sumption, fj, for each age group in the 
U.S. population. 

The age-dependent dose commitment 
factors (DCFi) given by Kereiakes et al. 

(8), a radiological half-life for 131I of 8.05 

days, and a milk density of 2.3 pounds 
per liter are applied in the calculations. 

Using the methods, equation, and data 

discussed, we calculated a U.S. thyroid 
population dose of 68,000 man-rads for 
the September event. The population 
dose estimates for each state are listed in 

Fig. 1. For many of the parameters used 
in these calculations, a range of values 
are reported in the literature. Realistic 
values for parameters from within the 

range of reported numbers are chosen in- 
stead of the values which would lead to 
the highest dose estimate. The averaging 
and extrapolation procedures used in the 

analysis also lead to the calculation of re- 
alistic rather than highly conservative 
dose. A more complete discussion of the 

uncertainty in these calculated doses is 

given in (1). 
It appears that the risk of thyroid can- 

cers resulting from radiation exposure of 
the thyroid is age-dependent (15). For 
this reason, dose-to-risk conversion fac- 
tors must be age-weighted before multi- 

plying by population dose. Using a risk 
estimate for thyroid cancers of 63 excess 

thyroid cancer cases per 102 man-rads, 

46 

age-weighted on the basis of the 1967 
U.S. population (15, 16), we calculated 
that an excess of 4.3 thyroid cancer 
cases could occur in the United States as 
a result of the 131I in milk after the Sep- 
tember event. A comparison of these 
projected thyroid cancers with the oc- 
currence of thyroid cancer from all 
causes lends perspective to this problem. 
It is estimated that during the next 45 
years, on the order of 380,000 cases of 
thyroid cancer will occur in the United 
States from all causes (17). For this rea- 
son, confirmation of these predicted ex- 
cess thyroid cancers is not possible be- 
cause of the masking of the effects of 
thyroid cancers from all causes. 

On the basis of this analysis, we con- 
clude that the thyroid cancers that could 
develop in the U.S. population as a re- 
sult of the weapons test of 26 September 
1976 will be indistinguishable from the 
thyroid cancers likely to occur from oth- 
er causes, and that the potential health 
effects of the 17 November 1976 test will 
be insignificant. 

J. MICHAEL SMITH 
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ANN B. STRONG 

Eastern Environmental 
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U.S. Environmental Protection Agency, 
Montgomery, Alabama 36109 
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