
Contents:  Estimates of average individual  thyroid doses for the pop-
ulation of a county from the ingestion of fresh cows’ milk contaminat-
ed with 1 3 1I deposited after a test are derived from: (1) the estimated
time-integrated concentrations of 1 3 1I in fresh cows’ milk produced in
that county after that test, (2) the estimated origin of the cows’ milk
consumed, (3) the estimated average cows’ milk consumption rate by
the population group considered, and (4) the estimated thyroid dose
factor for ingestion of 1 3 1I appropriate for that population group.  The
data and methodology used to calculate average individual thyro i d
doses resulting from the ingestion of cows’ milk for each age group, as
well as average per capita and collective doses in each county, are dis-
c u s s e d .

The thyroid dose, Dm c(te), in mrad, received by a given 
individual as a result of the consumption of milk from cows,
mc, that ingested 1 3 1I from a given test, te, can be estimated 
by calculating the pro d u c t :

Dm c( t e ) 5 I M C( t e ) 3 C R 3 DCF                                   (6.1)

in which:

IMC(te) = the time-integrated 1 3 1I concentration in cows’ milk, resulting from the
test, te, and consumed by the individual considered. In calculating the
value of IMC(te), both decay of 1 3 1I due to the time elapsed between
p roduction by the cows and consumption by humans, and, as appro p r i-
ate, the mixing of milk from various locales are considered. The values
of IMC(te) are expressed in units of nanocuries per liter of milk x days
(nCi d L- 1) ;

CR= the individual’s consumption rate (L d- 1) of cows’ milk for a period of 60 days
following the test considere d ;

DCF= the thyroid dose resulting from a unit activity intake of 1 3 1I, also called 
t h y roid dose conversion factor, in mrad nCi- 1, appropriate for the individual
c o n s i d e red. 

The purpose of this chapter is to describe the manner in
which these variables have been selected and used to calculate
the thyroid doses.

Individual doses vary widely from person to person
because of variability in such factors as environmental parame-
ters, patterns of milk production and distribution, dietary
habits, and biological characteristics.  There f o re, realistic 
estimates of individual doses can be made only if specific 
i n f o rmation (age, sex, place of residence, source of milk, milk
consumption rate, delay time between production and con-
sumption of milk) is available for the individual considered.  
It will be indicated in Chapter 9 how an individual can calcu-
late his or her own dose using the personal data mentioned
above in conjunction with the information presented in this
re p o rt.  

In the absence of personal data, only average doses over
l a rge or homogeneous groups of people can be calculated with
reasonable accuracy.  For this reason, the doses calculated and
p resented in this re p o rt for each county and for each nuclear
test are expressed as geometric means over specified population
g roups deemed to be re p resentative of a large spectrum of indi-
viduals.  To accomplish this, the population of each county has
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been divided into 13 age groups, with adults subdivided by gen-
d e r. These 14 groups, which include four pre-natal ages in addi-
tion to the 10 groups previously defined in Chapter 5 (Section
5 . 4 . 4 ) for the consumption of milk, are shown in Table 6.1.
Doses have been calculated for each post-natal age and sex
g roup for:

(a) the population of persons drinking cows’ milk,

(b) a specified “high-exposure” group, with a high con-
sumption rate of milk containing  higher- t h a n - a v e r a g e
concentrations of 1 3 1I ,

(c) a specified “low-exposure” group, with no consump-
tion of fresh cows’ milk, and

(d) a group drinking milk from backyard cows.

Collective doses to the population of each county have
been obtained by summing, over all post-natal age and sex
g roups, the products of the arithmetic means of the thyro i d
doses estimated to have been received by the population of each
g roup by the size of that population group. Per capita doses
w e re computed by dividing the collective doses by the popula-
tion sizes.

6.1.  TIME-INTEGRATED CONCENTRATIONS OF 131I IN COWS’ MILK
Time-integrated concentrations of 1 3 1I in cows’ milk, IMC, are
calculated in each county, i, and for each test that is considere d ,
te, for each of four categories of milk defined in Chapter 5. 
The index for the milk categories is q:

• milk produced and consumed on the farm (q=1),

• milk produced and sold in the county (q=2),

• milk originating from another county of the 
region (q=3),

• milk originating from another region (q=4).

When calculating the thyroid doses received by the
“ h i g h - e x p o s u re” group in a particular county, it is assumed that
the group consumes cows’ milk having the highest time-inte-
grated concentration of 1 3 1I found for any of the four categories
of milk in the county. In some circumstances, milk that origi-
nates in another county or another region may contain more 1 3 1I
than milk produced in the county.

In the calculation of the thyroid doses received by the
population of cows’ milk drinkers in each county for each of the
10 post-natal age and sex groups, the 1 3 1I time-integrated con-
centrations estimated for the total volume of cows’ milk pooled
f rom the four categories, called volume-weighted milk concen-
trations, are used.
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Table 6.1. Age and sex groups for which thyroid doses are estimated.

1
2
3
4
5
6
7
8
9
1 0
1 1
1 2
1 3
1 4

0-10 (embry o )
11-20 (fetus)
21-30 (fetus)
31-40 (fetus)

0-2 (infant)
3-5 (infant)
6-8 (infant)

9-11 (infant)
1-4 (child)
5-9 (child)

10-14 (child/teenager)
15-19 (teenager)
> 19 (adult male)

> 19 (adult female)

Age group index, k P re-natal age, weeks

m o n t h s y e a r s

Post-natal age
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F i n a l l y, the 1 3 1I time-integrated concentrations in milk
f rom backyard cows are used in the estimation of the thyro i d
doses received by the groups drinking milk from backyard cows.
Milk from backyard cows is not included in the volume-weight-
ed average that is computed for milk from dairy cows.

6.1.1. Calculation of the Time-Integrated Concentrations 
of 1 3 1I in Each Milk Category From  a Given Te s t
In order to estimate the time-integrated concentrations of 1 3 1I in
the milk of the four categories, q, the commercial milk distribu-
tion results from Chapter 5 have been combined with the
a p p ropriate delay times between production and consumption,
and with the time-integrated concentrations of 1 3 1I in fresh cows’
milk after a test, estimated with the methodology presented in
Chapter 4:

• the 1 3 1I activity in the milk in category 1, that which is
consumed on the farm, is  assumed to have decayed for
1 d between production and consumption, is never
mixed with other milk, and is always consumed in the
county in which it was pro d u c e d ;

• the activity in the milk in category 2, consumed in the
county but not included in category 1, is assumed to
have a 2-d delay time;

• if there is a deficit of milk in the county, milk is
b rought in first from the surplus  counties in the re g i o n
( c a t e g o ry 3), with an assumed delay time of 3 days;

• if, after addition of category 3 milk, there is still a
d e ficit of milk in the county, milk is brought in fro m
s p e c i fied surplus regions (category 4), with an assumed
delay time of 4 days.

It is assumed that all the milk in a county in 
categories 1-4 is available for fluid use by the population 
living in that county.

Several indices and symbols are repeatedly used in 
the calculation of the time-integrated concentrations of 1 3 1I 
in each milk category :

• i denotes the county for which the 1 3 1I time-integrated
concentrations in milk are  calculated;

• ii denotes the counties other than i in the milk 
region, rr ;

• nn denotes the number of counties in the milk 
region, rr ;

• q denotes the milk category ;

• rr denotes the milk region that contains the county, i;

• EC(i) is the expected annual milk consumption 
(kL y- 1) in county, i, as determined  in Chapter 5;

• IMC(i,te) is the time-integrated concentration of 1 3 1I
(nCi d L- 1) in fresh cows’ milk resulting from fallout in
c o u n t y, i, following a test, te. The methods for calculat-
ing IMC(i,te) and the associated uncertainties are pre-
sented in Chapter 4;

• I M Cq(i,te) is the time-integrated concentration of 1 3 1I 
in milk (nCi d L- 1) of category, q, resulting from 
fallout in county, i, following a test, te;

• I M Cv w(i,te) is the volume-weighted time-integrated
concentration of 1 3 1I in milk (nCi d L- 1) resulting fro m
fallout in county, i, following a test, te;

• I M Cb c(i,te) is the time-integrated concentration of 1 3 1I
in milk (nCi d L- 1) from backyard cows, resulting fro m
fallout in county, i, following a test, te;

• lr is the radioactive decay constant of 1 3 1I, equal to
0.086 d- 1;

• T Dq is the time delay between production and con-
sumption for milk of category,  q, in days;

• TMFU(i) is the production rate (kL y- 1)  of milk 
available for fluid use in county, i, as determined in
Chapter 5;

• T N ( rr) is the deficit of milk in region, rr, defined 
in Section 6.1.1.3;

• T P ( rr) is the surplus of milk in region, rr, defined 
in Section 6.1.1.3;

• V O Lq(i) is the rate at which milk of category, q, 
is made available (kL y- 1) in county, i;

• VOL(i,ii) is the rate at which milk is imported 
(kL y- 1) from county, ii, to county, i;

• V O L ( i , rr) is the rate at which milk is imported 
(kL y- 1) from milk region, rr, to county, i.

All other indices and symbols appear only once and are
d e fined in the text.
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6.1.1.1. Category 1
Milk of category 1 is fresh cows’ milk that is produced in the
county of interest and has decayed during a time, TD1, prior 
to consumption on the farms where it was produced. The 
time-integrated concentration of 1 3 1I in milk of category 1, 
in nCi d L- 1, resulting from fallout in county, i, following a 
test, te, is derived from the time-integrated concentration of 
1 3 1I in fresh cows’ milk, IMC(i,te), by allowing for decay of 
1 3 1I during time, TD1. It is estimated as:

I M C1(i, te) 5 I M C ( i , t e ) 3 e ( 2lr 3 T D1)   ( 6 . 2 )

As indicated in Chapter 4, the uncertainties attached to
IMC(i,te) are usually rather large, as the GSDs of the log-norm a l
distributions of IMC(i,te) are typically about 3 to 4. In compari-
son, the uncertainties related to the decay term, exp(-lr x TD1) ,
a re small. The physical constant lr is very well  known (60 . 2 % ) .
Variation of TD1 f rom 0 to 2 days would result in a variation in
the decay term in the narrow range of 0.84 to 1. As a fir s t
a p p roximation, the decay term is considered to be exact, so 
that the distributions of IMC1(i,te) are assumed to be log-norm a l
and to have the same GSDs as those assigned to IMC(i,te). 

The notation that is used here for the median and 
geometric standard deviation of a log-normal distribution was
developed in Section 3.3. The relationships between those
quantities and the arithmetic mean and standard deviation were
also described there. The same symbolic designations are used
below and in later sections of this chapter. 

The median values of IMC1(i,te), denoted as
< I M C1(i,te)>, are there f o re calculated, using:

< I M C1(i, te)> 5 < I M C ( i , t e ) > 3 e ( 2lr 3 T D1)   ( 6 . 3 )

The arithmetic means of the IMC1(i,te), denoted as
m ( I M C1(i,te)), are computed, using:

m ( I M C1(i, te)) 5 < I M C1( i , t e ) > 3 e ( 0 . 5 3 s 2 ( I M C1(i,te)))  ( 6 . 4 )

w h e re:    

s ( I M C1(i, te)) 5 ln (GSD ( I M C ( i , t e ) ) ) ( 6 . 5 )

The rate of consumption (kL y- 1) of milk in category 1,
V O L1(i), is calculated, as indicated in Chapter 5, f rom the
annual volume of milk consumed on farms in the state, MCF(s),
a p p o rtioned according to the ratio of the number of farms in the
c o u n t y, FA(i), to the number of farms in the state, FA ( s ) .

V O L1( i ) 5 M C F ( s ) 3 ( 6 . 6 )

The re f e rence year for the calculations is 1954.

6.1.1.2. Category 2
Milk of category 2 is fresh cows’ milk that is produced in the
county of interest and has decayed during a time TD2 prior to
being consumed in the county, but not on farms. There was
milk of category 2 in county, i, if the annual volume of milk
available for fluid use in the county, TMFU(i), was greater than
the annual milk consumption on farms in the county, VOL1( i ) .
O t h e rwise, there was no category 2 milk available for consump-
tion away from farms. 

The time-integrated concentration of 1 3 1I in milk of 
c a t e g o ry 2, in nCi d L- 1, resulting from fallout in county, i, 
following a test, te, is estimated to be:

I M C2(i, te) 5 I M C ( i , t e ) 3 e ( 2lr 3 T D2)   ( 6 . 7 )

In the same way as for the milk in category 1, the distrib-
utions of IMC2(i,te) are assumed to be log-normal and the
u n c e rtainties attached to IMC2(i,te) are taken to be equal to
those related to IMC(i,te). The median values of the IMC2( i , t e ) ,
denoted as <IMC2(i,te)>, are there f o re calculated, using:

< I M C2(i, te)> 5 < I M C ( i , t e ) > 3 e ( 2lr 3 T D2)   ( 6 . 8 )

The arithmetic means of IMC2(i,te), denoted as
m ( I M C2(i,te)), are computed, using:

m ( I M C2(i, te)) 5 < I M C2( i , t e ) > 3 e ( 0 . 5xs 2 ( I M C2(i,te)))  ( 6 . 9 )

in which:     

s ( I M C2(i, te)) 5 ln (GSD ( I M C ( i , t e ) ) ) ( 6 . 1 0 )

The rate of consumption (kL y- 1) of milk in category 2,
V O L2(i), depends whether TMFU(i) was greater or smaller than
the expected milk consumption in the county, EC(i). Again,
1954 is the re f e rence year for these calculations:

• if TMFU(i) > EC(i), the remaining demand was filled by
milk of category 2 and

V O L2 ( i ) 5 E C ( i ) 2 V O L1(i)                                 (6.11)

• if TMFU(i) < EC(i), part of the demand was filled by
milk of category 2 and

V O L2 ( i ) 5 T M F U ( i ) 2 V O L1(i)                                 (6.12)

Under the second condition, milk must be imported fro m
other counties in the same milk region or from other regions, as
discussed below.

FA ( i )
}
FA ( s )
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6.1.1.3. Category 3
Milk of category 3 is milk that was imported from other 
counties of the same milk region. It is assumed to have been
pooled within the region before shipment to county, i. There
was milk in category 3 in county, i, if two conditions were 
realized: (1) there was an unfilled demand in county, i, and 
(2) there was milk available within the region. These conditions
can be written:

• TMFU(i) < EC(i), and

• TMFU(ii) > EC(ii) in any other county, ii, in the milk
region that includes county, i. 

Under those conditions, the time-integrated concentra-
tion of 1 3 1I in milk of category 3, in nCi d L- 1, resulting fro m
fallout in county, i, following a test, te, denoted IMC3(i,te), is the
time-integrated concentration in milk pooled from the number,
nn, of counties in the same region that have excess milk.
Allowing for decay of 1 3 1I during a time, TD3: 

I M C3( i , t e ) 5 3 e (- lr 3 T D3 ) ( 6 . 1 3 )

w h e re 
VOL(i,ii) is the rate of milk transfer (kL y-1) from county ii to county i 
and the ratio of the sums in equation 6.13 is the concentration of the
pooled milk.

H e re again, the distributions of IMC3(i,te) are assumed to
be log-normal and to have the same GSDs as those of IMC(i,te).
Ignoring the uncertainties in the milk transfer rates, VOL(i,ii),
and in the time delay between production and consumption of
milk, TD3, the median values of IMC3(i,te), denoted as
<IMC3(i,te)>, are calculated as follows:

< I M C3( i , t e ) > 5 3 e (- lr 3 T D3 ) ( 6 . 1 4 )

The arithmetic means of IMC3(i,te), denoted as
m ( I M C3(i,te)), are obtained fro m :

m ( I M C3(i, te)) 5 < I M C3( i , t e ) > 3 e ( 0 . 5 3 s 2 ( I M C3(i,te)))  ( 6 . 1 5 )

with:   

s ( I M C3(i, te)) 5 ln (GSD ( I M C ( i , t e ) ) ) ( 6 . 1 6 )

The values of VOL(i,ii) in equations 6.13 and 6.14 a re
based on the surplus and deficit amounts of milk in counties in
the milk region, rr, in which county, i, is located. For counties in
the region with  surpluses, the total positive component of the
milk balance for the region, TP(rr), in kL y- 1, is:

T P ( rr ) 5 S ( T M F U ( i i ) 2 EC(ii))                                (6.17)

S i m i l a r l y, for counties in the region with deficits, the total
negative component of the milk balance for the region, TN(rr ) ,
in kL y- 1, is:

T N ( rr ) 5 S ( E C ( i i ) 2 TMFU(ii))                                (6.18)

If TP(rr) was greater than TN(rr), the region had a milk
surplus. Counties in the region with a surplus were able to pro-
vide enough milk for all the deficit counties. The contributions
of the counties with surplus milk are computed using:

V O L ( i , i i ) 5 ( E C ( i ) 2 T M F U ( i ) ) 3 ( 6 . 1 9 )

The contribution of county, ii, which has a surplus, to
d e ficit county, i, is pro p o rtional to the size of the deficit in coun-
t y, i, and to the fraction of the total surplus that is available in
c o u n t y, ii. It is assumed that no milk is transferred out of a
county with a deficit of milk.

If TP(rr) is smaller than TN(rr), the region had a milk
d e ficit, but those counties with a surplus could meet part of the
needs of deficit counties. The contributions were computed
u s i n g :

V O L ( i , i i ) 5 3 ( T M F U ( i i ) 2 EC(ii))             (6.20)

In this case, the contribution to deficit county, i, fro m
surplus county, ii, is pro p o rtional to the deficit in county, i, and
to the size of the surplus in county, ii. Again, it is assumed that
no milk is transferred out of a county that has a milk deficit. 

The rate of transfer (kL y- 1) of milk of category 3 to coun-
t y, i, (VOL3(i)), is the sum of the volumes of milk imported fro m
other counties in the milk re g i o n .

• if TP(rr) > TN(rr), the region has an overall surplus of
milk. The deficit in county, i, is completely satisfie d
using milk produced in the same region, and

V O L3( i ) 5 E C ( i ) 2 TMFU(i)                                 (6.21)
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• if TP(rr) < TN(rr), the region has an overall deficit of
milk. The deficit in county, i, is partially filled using
surplus milk from other counties in the region. The rate
of transfer of milk to county, i, is pro p o rtional to the
contribution to the deficits within the region and to the
total availability of surplus milk in counties within the
re g i o n :

V O L3( i ) 5 3 T P ( rr ) ( 6 . 2 2 )

6.1.1.4. Category 4
Milk of category 4 is milk that is imported from other milk
regions; it is assumed to be pooled before shipment to county, i.
T h e re is milk in category 4 in county, i, only if the county has a
d e ficit and the region of which it is part also has a deficit. The
conditions are :

• TMFU(i) < EC(i), and

• TP(rr) < TN(rr ) .

Under those conditions, the time-integrated concentra-
tion of 1 3 1I in milk of category 4, in nCi d L- 1, resulting fro m
fallout in county, i, following a test, te, denoted IMC4(i,te), is 
the time-integrated concentration in milk pooled from other
regions with excess milk. Allowing for the decay of 1 3 1I 
during time TD4:

I M C4( i , t e ) 5 3 e (- lr 3 T D4 ) ( 6 . 2 3 )

w h e re: 

rg denotes a region that exports milk to region, rr,

V O L ( rr, rg ) is the annual volume of milk that is transferred fro m
region, rg, to region, rr, (given in Appendix 5), and

I M C ( rg,te) is the time-integrated concentration of 131I in milk pooled
f rom counties in region, rg, that have surplus milk. The
index for these counties is: ig. The volume-weighted 
concentration of the pooled milk is:

I M C ( rg , t e ) 5 ( 6 . 2 4 )

The uncertainties attached to the values of IMC4(i,te) are
v e ry difficult to determine as they depend on poorly document-
ed volumes and origins of milk that are assumed to have been
t r a n s f e rred to region, rr. As a first approximation, it is assumed
that the distributions of IMC4(i,te) are log-normal with GSDs
equal to those of IMC(i,te). The median values of IMC4( i , t e ) ,
denoted as <IMC4(i,te)>, are calculated, using:

< I M C4( i , t e ) > 5 3 e (- lr 3 T D4 ) ( 6 . 2 5 )

The arithmetic means of IMC1(i,te), denoted as
m ( I M C1(i,te)), are obtained fro m :

m ( I M C4 (i, te)) 5 < I M C4 ( i , t e ) > 3 e ( 0 . 5 3 s 2 ( I M C4(i,te)))  ( 6 . 2 6 )

w i t h :

s ( I M C4(i, te)) 5 ln (GSD ( I M C ( i , t e ) ) ) ( 6 . 2 7 )

The rate of transfer (kL y- 1) of milk in category 4 to coun-
t y, i, (VOL4(i)) is the sum of the transfer rates of milk import e d
f rom other regions to satisfy the milk deficit that remains after
i m p o rtation of category 3 milk from within the re g i o n .

V O L4( i , i i ) 5 3 ( T N ( rr ) 2 T P ( rr))             (6.28)

6.1.1.5. Volume-weighted average
The volume-weighted average of the time-integrated concentra-
tion of 1 3 1I in milk, IMCv w(i,te), resulting from fallout in county,
i, following a test, te, re flects the contributions of each of the
four milk categories to the milk supply in the county. The 
time-integrated concentrations (IMCq(i,te)) and transfer rates
( V O Lq(i)) discussed in the four preceding subsections are used
to compute IMCv w( i , t e ) .

I M Cvw ( i , t e ) 5 ( 6 . 2 9 )

For the purpose of estimating the uncertainties, the medi-
an value of IMCv w(i,te), denoted as <IMCv w(i,te)>, is expre s s e d
as a function of the median value of the time-integrated concen-
tration of 1 3 1I in milk consumed on farms, <IMC1(i,te)>. The
factor of pro p o rtionality between those two quantities is called
the milk distribution factor. Its median value is denoted by
<MF(i,te)>. The relationship between these quantities is:

< I M Cvw ( i , t e ) > 5 < I M C1 ( i , t e ) > 3 < M F( i , t e ) > ( 6 . 3 0 )
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The milk distribution factor for a particular county
re flects the transfers of milk from other counties in the re g i o n
and from other regions, as appropriate, and the diff e rences in
concentration between the milk transferred and that pro d u c e d
l o c a l l y. It is estimated by taking the ratio of the volume-weighted
concentration (equation 6.29) to the concentration of milk con-
sumed on farms in the county.         

If the county’s needs for fresh milk were satisfied by milk
consumed on farms, then <MF(i,te)> is 1. If the county was self-
s u fficient in milk, the median milk distribution factor is between
0.92 and 1. If all the milk in the county was of category 2, the
value of  <MF(i,te)> would be exp(-lr x (TD2 - TD1)) = 0.92. If
the county imported milk from other counties or regions having
d i ff e rent values of the time-integrated concentrations of 1 3 1I in
f resh cows’ milk, then <MF(i,te)> may be large or small depend-
ing upon the 1 3 1I concentrations in and the quantities of import-
ed milk.

The variability in the values of <IMC1( i , t e ) > ,
< I M Cv w(i,te)>, and <MF(i,te)> is illustrated in F i g u re 6.1, w h i c h
shows the estimates for those three quantities for the counties of
New York state after the shot Simon, detonated 25 April 1953.
The fig u re has three part s :

• The average time-integrated 1 3 1I concentrations in milk
consumed on farms, <IMC1(i,te)>, were high in the
region of Albany, where relatively high depositions
o c c u rred as a result of heavy thunderstorms coinciden-
tal with the passage of the radioactive cloud, and low in
the remainder of New York state ( F i g u re 6.1(a)). T h e re is
a factor of about 200 between the maximum and the
minimum values of <IMC1(i,te)> in the fig u re.         

• The average time-integrated 1 3 1I concentrations in 
volume-weighted milk,  <IMCv w(i,te)>, were similar to
the values of <IMC1(i,te)> for the majority of the coun-
ties, because  those counties had an excess pro d u c t i o n
of milk in the 1950s ( F i g u re 6.1(b)). H o w e v e r, the pop-
ulated counties of the Greater New York City area need-
ed to import milk from other regions of the state, where
the 1 3 1I depositions  were higher, and this influx of milk
with higher concentrations is the reason why the values
of <IMCv w(i,te)> are greater than those of <IMC1( i , t e ) >
in the counties of the Greater New York City area. On
the other hand, the 1 3 1I concentration in volume-
weighted milk is lower than that in milk consumed 
on farms in two western counties, where some milk
was imported from counties with lower 1 3 1I deposi-
tions. There is a factor of about 200 between the 
maximum and the minimum  values of <IMCv w( i , t e ) >
in the fig u re .

F i g u res 6.1.(a) (b) (c) Time-integrated concentrations of I-131 in 
milk in New York State counties resulting fro m
the test Simon detonated 25 April 1953

(a) F resh cows’ milk from each county

( b ) Mixed milk from each county

( c ) Milk distribution factor for each county



• The values of the milk distribution factor, <MF(i,te)>,
v a ry from county to county between 0.65 and 11.5
( F i g u re 6.1(c)). The highest values of <MF(i,te)> are
found in counties of the Greater New York City are a ,
which imported milk with higher concentrations. The
lowest values are observed in counties around Albany
and Buffalo, which imported milk with lower concen-
trations. Most of the milk distribution factors are close
to one because most counties in New York state were 
s e l f - s u fficient in milk.

It is subjectively reasonable to assume that the uncert a i n-
ty attached to <MF(i,te)> is small when the county is self-suffi-
cient in milk, and becomes larger as the value of <MF(i,te)>
deviates from one (that is, when counties import milk fro m
a reas with substantially higher or lower milk concentrations
than those in the local milk). However, the uncertainties re l a t e d
to MF(i,te) would be extremely difficult to quantify, as they
depend on the volumes of milk imported (which are poorly
documented), on the origins of the milk imported (which are
also poorly documented), and on the 1 3 1I time-integrated con-
centrations in the imported milk (which are, to some extent,
c o rrelated with the 1 3 1I time-integrated concentrations in the
milk of local origin). For the uncertainty analysis, it is assumed
that the distributions of MF(i,te) are log-normal with GSDs that
v a ry in the following way:

• GSD(MF(i,te)) = 2 if <MF(i,te)> is greater than 2,

• GSD(MF(i,te)) = 1.5 if <MF(i,te)> is between 1.1 and 2,

• GSD(MF(i,te)) = 1.1 if <MF(i,te)> is between 0.9 
and 1.1,

• GSD(MF(i,te)) = 1.5 if <MF(i,te)> is between 0.5 
and 0.9,

• GSD(MF(i,te)) = 2 if <MF(i,te)> is less than 0.5.

A c c o rding to equation 6.30, the median value of
I M Cv w(i,te) is calculated using:

< I M Cvw ( i , t e ) > 5 < I M C1 ( i , t e ) > 3 < M F( i , t e ) > ( 6 . 3 0 )

The geometric standard deviation of the distribution is
calculated using:

GSD(IMCvw (i,te)) 5 e (s (IMCvw(i,te))) ( 6 . 3 1 )

in which:

s (IMCvw(i,te)) 5 ( (ln(GSD(IMC1(i,te))))2 1 (ln(GSD(MF(i,te))))2 ) 0.5

( 6 . 3 2 )

The arithmetic mean of IMCvw(i,te) is obtained fro m :

m(IMCvw (i,te)) 5 <IMCvw (i,te)> 3 e (0.5 x s2(IMCvw(i,te))) ( 6 . 3 3 )

6.1.1.6. Milk consumed by the “high-exposure” gro u p s
In the calculation of the thyroid doses received by the “high-
e x p o s u re” groups, the value of the median time-integrated con-
centration of 1 3 1I that is used is the highest obtained for any of
the four categories.

<IMChigh(i,te)> = Max(<IMCq(i,te)>)  with q= 1 to 4 (6.34) 

The geometric standard deviation, GSD(IMCh i g h( i , t e ) ) ,
and the arithmetic mean, m(IMCh i g h(i,te)), of the distribution of
I M Ch i g h(i,te) are those corresponding to the category of milk
having the highest concentration.

6.1.1.7. Milk from backyard cows
The time-integrated concentrations of 1 3 1I in milk fresh fro m
b a c k y a rd cows, IMB(i,te)  resulting from fallout in county, i, 
following a test, te, are calculated using the same methodology
as for the dairy, or commercial, cows, which is described in
Chapter 4. The only diff e rence between dairy and backyard
cows is in their diet, as it is assumed that backyard cows eat less
than dairy cows and are placed on pasture for a larger portion of
their diet. As indicated in Section 4.1.3.5 o f Chapter 4, t h e
s t a rt and stop dates of the pasture seasons for backyard cows are
taken to be one month before and one month after the start and
stop dates, re s p e c t i v e l y, estimated for the dairy cows. The pas-
t u re intakes of backyard cows are taken to be the same in all
p a rts of the country:  8 kg d- 1 ( d ry mass) during the pasture sea-
son and 0.1 kg d- 1 ( d ry mass) when cows are not on pasture .

Milk from backyard cows is assumed to be consumed
rapidly by the families that own the cows. It is assumed that the
average delay between production and consumption, TDb c, is
equal to 0.5 day. The time-integrated concentration of 1 3 1I in
milk from backyard cows at the time of consumption,
I M Cb c(i,te) in nCi d L- 1, resulting from fallout in county, i, fol-
lowing a test, te, there f o re is derived from the time-integrated
concentration of 1 3 1I in milk fresh from backyard cows,
IMB(i,te), allowing for a decay of 1 3 1I during time, TDb c. It is
estimated as:

IMCbc(i,te) 5 IMB(i,te) 3 e ( 2lr 3 TDbc ) ( 6 . 3 5 )

As a first approximation, the decay term is considered to
be exact, and the distributions of IMCb c(i,te) are assumed to be
l o g - n o rmal and to have the same GSDs as those assigned to
IMB(i,te). The median values of IMCb c(i,te), denoted as
< I M Cb c(i,te)>, are there f o re calculated, using:

<IMCbc(i,te)> 5 <IMB(i,te)> 3 e 2lr 3 TDbc ( 6 . 3 6 )
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The arithmetic means of IMCb c(i,te), denoted as
m ( I M Cb c(i,te)), are obtained fro m :

m ( I M Cbc ( i , t e ) ) 5 < I M Cbc ( i , t e ) > 3 e ( 0 . 5 3 s 2 ( I M C bc (i,te)))  ( 6 . 3 7 )

w i t h :

s ( I M Cbc (i, te)) 5 ln (GSD ( I M B ( i , t e ) ) ) ( 6 . 3 8 )

6.1.2. Calculation of the Time-Integrated Concentrations of
1 3 1I in Each Milk Category From  a Given Test Series
The time-integrated concentration of 1 3 1I in cows’ milk of cate-
g o ry, q, in county, i, resulting from a given test series, ts, is
obtained by adding the contributions from each test, te, in the
s e r i e s :

IMCq (i,ts) = S
nte

te+1
IMCq(i,te) ( 6 . 3 9 )

w h e re 
nte is the number of tests in the series, ts. The median time-integrated
concentration, <IMCq(i,ts)>, is obtained from the addition of the distribu-
tions of IMCq(i,te). In most cases, the value of IMCq(i,ts) is dominated by
the contributions from one or two tests. 

The distribution of IMCq(i,ts) can be assumed to be 
l o g - n o rmal. As in Section 4.3, the  geometric mean is calculat-
ed, using

( 6 . 4 0 )

w h e re 
m ( I M Cq(i,te)) and s2( I M Cq(i,te)) are the arithmetic mean and the variance 
of IMCq(i,te) and are calculated, using:

m(IMCq (i,te)) 5 <IMCq (i,te)> 3 e (0.5 x s 2(IMCq (i,te))) ( 6 . 4 1 )

a n d :

s2(IMCq (i,te)) 5 <IMCq (i,te)>2 3 e (s 2(IMCq (i,te)) 3 (e (s 2(IMCq (i,te))) 21)

( 6 . 4 2 )

Other parameters of the distribution of IMCq(i,ts) are :

• its geometric standard deviation, GSD(IMCq( i , t s ) ) :

GSD(IMCq (i,ts)) 5 e (s (IMCq (i,ts))) ( 6 . 4 3 )

computed using s ( I M Cq (i,ts)) derived fro m :

( 6 . 4 4 )

• its arithmetic mean, m(IMCq( i , t s ) ) :

m(IMCq (i,ts)) 5 <IMCq (i,ts)> 3 e 0.5 x s 2(IMCq (i,ts)) ( 6 . 4 5 )

• its variance, s2( I M Cq( i , t s ) ) :

s2(IMCq (i,ts)) 5 <IMCq (i,ts)>2 3 e (s 2(IMCq (i,ts)) 3 (e (s 2(IMCq (i,ts))) 21)

( 6 . 4 6 )

The parameters for the distributions of IMCv w( i , t s ) ,
I M Ch i g h(i,ts), and IMCb c(i,ts) are obtained using similar equa-
t i o n s .

6.1.3. Calculation of the Time-Integrated Concentrations of
1 3 1I in Each Milk Category From  All Te s t s
The time-integrated concentration of 1 3 1I in cows’ milk of cate-
g o ry, q, in county, i, resulting from all tests, is obtained by
adding the contributions from each of the eight test series, ts
( R a n g e r, Buster-Jangle, Tu m b l e r- S n a p p e r, Upshot-Knothole,
Teapot, Plumbbob, Hardtack, and Underg round Era):

IMCq (i) = S
8

ts=1
IMCq (i,ts) ( 6 . 4 7 )

The parameters of the distribution of IMCq(i) are
obtained using equations similar to those for IMCq(i,ts), which
w e re described in Section 6.1.2:

• geometric mean, <IMCq( i ) > :

( 6 . 4 8 )



w h e re m(IMCq(i,ts)) and s2( I M Cq(i,ts)) are the arithmetic mean
and the variance of IMCq(i,ts) and are determined in e q u a t i o n s
6.45 and 6.46, re s p e c t i v e l y.

• geometric standard deviation, GSD(IMCq( i ) ) :

GSD(IMCq (i)) 5 e s (IMCq (i)) ( 6 . 4 9 )

computed using s ( I M Cq(i)) derived fro m :

( 6 . 5 0 )

• arithmetic mean, m(IMCq( i ) ) :

m(IMCq (i)) 5 <IMCq (i)> 3 e 0.5 x s 2(IMCq (i)) ( 6 . 5 1 )

• variance, s2( I M Cq( i ) ) :

s2(IMCq (i)) 5 <IMCq (i)>2 3 e s 2(IMCq (i)) 3 (e (s 2(IMCq (i))) 21) ( 6 . 5 2 )

The parameters for the distributions of IMCv w( i ) ,
I M Ch i g h(i), and IMCb c(i) are obtained using analogous equations.

6.1.4. Results
The estimates of the average time-integrated concentrations of
1 3 1I for all categories of milk  resulting from the deposition of
1 3 1I in each county of the contiguous United States are tabulated
in the Annexes for each test and each test series. For example,
Table UK/7/M ( w h e re UK stands for Upshot-Knothole, 7 re p re-
sents the seventh test in the series (Simon), and M stands for
milk), which is found in Annex UK/7, p resents the time-inte-
grated concentrations of 1 3 1I in fresh cows’ milk, milk consumed
on farms, milk produced and sold in the county, milk originat-
ing from another county of the region, milk originating fro m
another region, milk consumed by the specified “high-exposure ”
g roups, volume-weighted mixed milk, and milk from backyard
cows resulting from the shot Simon in all counties of the con-
tiguous United States, along with uncertainty estimates. These
u n c e rtainties are characterized by GSDs that are generally in the
range from 3 to 5.

F i g u re 6.2 p resents the estimates of average time-integrat-
ed concentrations of 1 3 1I in volume-weighted mixed milk that
a re obtained, for each county of the contiguous United States, as
a result of all atmospheric tests conducted at the NTS.  This fig-
u re shows the same general pattern as F i g u re 4.25, related to the
time-integrated concentration of 1 3 1I in fresh cows’ milk. Milk
was contaminated with 1 3 1I in all counties of the contiguous U.S.
The lowest levels of contamination are estimated to have
o c c u rred in southern California, while the highest levels are
found not only in locations relatively close to the NTS, like Utah
and southern Idaho, but also in places that are farther  away,
e.g., Kansas, Oklahoma, Missouri, Arkansas, and nort h e rn
M o n t a n a .
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F i g u re 6.2. Estimated-integrated concentrations of I-131 in volume weighted milk: All tests.



6.2.  COWS’ MILK CONSUMPTION RATES
The rates of consumption of cows’ milk used in this re p o rt for
the 10 post-natal age and sex groups are derived from the infor-
mation provided in Chapter 5. The age and sex distribution of
the population in the US in 1954 ( Table 5.6), and the distribu-
tion and per capita values of the milk consumption rates as a
function of age, sex, and area of the country ( Tables 5.4, 5.9, and
5 . 1 0 ) w e re used in the analysis.

6.2.1. Cows’ Milk Consumption Rates of Milk Drinkers
The median rates of consumption for drinkers of cows’ milk in a
given age group, k, from a given state, s, (<CR(s,k)>) are
obtained using equation 6.53:

< C R ( s , k ) > 5 C Rp c( s , k ) 3 3 RM(k)                          (6.53)

in which: 

C rp c (s,k) is the per capita consumption rate by group, k, 
in state, s

MD(k) is the fraction of the members of group, k, who drank
cows’ milk

R M ( k ) is the ratio of the median to mean consumption rates 
for age group, k

I n f o rmation for infants and older categories is pre s e n t e d
in the following subsections. 

6.2.1.1. Infants (< 1 y)
For infants aged 0-2, 3-5, 6-8, and 9-11 months, for which the
values of k are 5, 6, 7, and 8, re s p e c t i v e l y :

• the per capita milk consumption rates are taken fro m
Table 5.9; they are assumed  to be constant thro u g h o u t
the country ;

• the fractions of each of these populations that drank
cows’ milk are obtained from Table 5.3;

• the ratios of the median to mean cows’ milk consump-
tion rates are calculated from the data in Table 5.4; the
distribution for 0 to 1 y infants has been assumed to
apply to each of the four groups considered (infants
aged 0-2, 3-5, 6-8, and 9-11 months).

The fractions of cows’ milk drinkers and the median rates
of consumption of cows’ milk for these four age groups (k = 5 to
8) are presented in Table 6.2. The GSDs associated with the
median consumption rates are also listed there .

6.2.1.2. Children (>1 y) and adults
For children (1-4, 5-9, 10-14 and 15-19 years) (k = 9 to 12),
and adults of each sex (k = 13 and 14):

• the per capita milk consumption rates for the entire US
a re taken fro m Table 5.9 and the values for each state
a re extracted from Table 5.10;

• the fractions that drank cows’ milk are derived fro m
Table 5.4; the aggregated  values corresponding to the
age and sex groups considered were weighted using the
population distribution data presented in Table 5.6;

• the ratios of the median to mean cows’ milk consump-
tion rates are calculated  from the data in Table 5.4;
h e re, also, the aggregated values corresponding to the
age and sex groups considered were weighted using the
population distribution data presented in Table 5.6.

The fractions of milk drinkers that drank cows’ milk for
the groups (k = 9 to 14) and the median consumption rates for
the entire U.S. are presented in Table 6.2. The values for each
state are provided in Table 6.3. The geometric standard devia-
tions of the distributions of the consumption rates, also pre s e n t-
ed in Table 6.2, w e re derived from the distributions shown in
Table 5.4. These geometric standard deviations also are assumed
to apply to the milk consumption rates for each state that is 
p resented in Table 6.3.

6.2.2. Consumption Rates of Cows’ Milk for the 
“ H i g h - E x p o s u re” Groups and for the Groups Drinking 
Milk From a Backyard Cow
The milk consumption rates used in this re p o rt for the “high-
e x p o s u re” groups, CRh i g h, and for the groups drinking milk fro m
a backyard cow, CRb c, correspond to the 95th perc e n t i l e1 of the
distributions presented in Table 5.4 of Chapter 5. Those values
range from 0.8 to 1.4 L d- 1 and are given for each group in Ta b l e
6.4. The milk consumption rate for the “high-exposure” gro u p s
a re assumed to be the same throughout the contiguous U.S.; this
assumption is supported by the results of a USDA surv e y, in
which the “high” consumption rates of fresh fluid milk (ninth
deciles of per person consumption rates in households) were
found to vary over a narrow range (from 0.80 L d- 1 in the nort h-
east to 0.87 L d- 1 in the south) (USDA 1960).

6.2.3. Consumption Rates of Cows’ Milk by 
P regnant Wo m e n
T h y roid fetal doses result, in part, from the consumption of 
1 3 1I-contaminated milk by the expectant mothers. The milk 
consumption rate of pregnant women is taken to be 0.8 L d- 1,
c o rresponding to the 95th percentile of the distribution of milk
consumption rates among adult females (shown in Table 6.4;
derived from data in Table 5.4) .

1
}
F M D ( k )
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1 This means that 95% of the individuals in the population group considered are expected to have a milk
consumption rate lower than CRh i g h and that only 5% of the individuals in that group are expected to have
a milk consumption rate greater than CRh i g h.
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Table 6.3. Median milk consumption rates of milk drinkers in each state for the year 1954, according to age and sex, <CR(s,k)>, in L d- 1. 
Values for the 0-1 y infants are given in Table 6.2.

A l a b a m a 0 . 4 1 0 . 5 9 0 . 6 3 0 . 6 1 0 . 2 2 0 . 1 8

A r i z o n a 0 . 4 8 0 . 6 9 0 . 7 4 0 . 7 1 0 . 2 6 0 . 2 1

A r k a n s a s 0 . 5 3 0 . 7 6 0 . 8 2 0 . 7 9 0 . 2 9 0 . 2 3

C a l i f o rn i a 0 . 6 1 0 . 8 8 0 . 9 4 0 . 9 1 0 . 3 4 0 . 2 7

C o l o r a d o 0 . 4 8 0 . 6 9 0 . 7 4 0 . 7 1 0 . 2 6 0 . 2 1

C o n n e c t i c u t 0 . 7 2 1 . 0 4 1 . 1 1 1 . 0 7 0 . 4 0 . 3 2

D e l a w a re 0 . 5 8 0 . 8 3 0 . 8 9 0 . 8 6 0 . 3 2 0 . 2 5

District of Columbia 0 . 5 9 0 . 8 5 0 . 9 0 . 8 7 0 . 3 2 0 . 2 6

F l o r i d a 0 . 3 4 0 . 5 0 . 5 3 0 . 5 1 0 . 1 9 0 . 1 5

G e o rg i a 0 . 3 8 0 . 5 5 0 . 5 9 0 . 5 7 0 . 2 1 0 . 1 7

I d a h o 0 . 6 9 0 . 9 9 1 . 0 6 1 . 0 2 0 . 3 8 0 . 3

I l l i n o i s 0 . 7 1 . 0 1 . 0 7 1 . 0 3 0 . 3 8 0 . 3 1

I n d i a n a 0 . 7 1 . 0 1 . 0 7 1 . 0 3 0 . 3 8 0 . 3 1

I o w a 0 . 7 1 . 0 1 . 0 7 1 . 0 3 0 . 3 8 0 . 3 1

K a n s a s 0 . 5 6 0 . 8 1 0 . 8 7 0 . 8 4 0 . 3 1 0 . 2 5

K e n t u c k y 0 . 5 7 0 . 8 2 0 . 8 8 0 . 8 5 0 . 3 2 0 . 2 5

L o u i s i a n a 0 . 4 1 0 . 5 9 0 . 6 3 0 . 6 1 0 . 2 2 0 . 1 8

M a i n e 0 . 7 2 1 . 0 4 1 . 1 1 1 . 0 7 0 . 4 0 . 3 2

M a ry l a n d 0 . 5 8 0 . 8 3 0 . 8 9 0 . 8 6 0 . 3 2 0 . 2 5

M a s s a c h u s e t t s 0 . 7 2 1 . 0 4 1 . 1 1 1 . 0 7 0 . 4 0 . 3 2

M i c h i g a n 0 . 7 1 . 0 1 . 0 7 1 . 0 3 0 . 3 8 0 . 3 1

M i n n e s o t a 0 . 7 3 1 . 0 5 1 . 1 2 1 . 0 8 0 . 4 0 . 3 2

M i s s i s s i p p i 0 . 5 3 0 . 7 6 0 . 8 2 0 . 7 9 0 . 2 9 0 . 2 3

M i s s o u r i 0 . 5 3 0 . 7 6 0 . 8 2 0 . 7 9 0 . 2 9 0 . 2 3

S t a t e

1 - 4 5 - 9 1 0 - 1 4 1 5 - 1 9

Adult male Adult female
Age (years)
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Table 6.3.  cont’d

M o n t a n a 0 . 8 1 1 . 1 7 1 . 2 5 1 . 2 1 0 . 4 5 0 . 3 6

N e b r a s k a 0 . 6 5 0 . 9 3 0 . 9 9 0 . 9 6 0 . 3 6 0 . 2 8

N e v a d a 0 . 4 8 0 . 7 0 . 7 4 0 . 7 2 0 . 2 7 0 . 2 1

New Hampshire 0 . 7 2 1 . 0 4 1 . 1 1 1 . 0 7 0 . 4 0 . 3 2

New Jersey 0 . 5 8 0 . 8 3 0 . 8 9 0 . 8 6 0 . 3 2 0 . 2 5

New Mexico 0 . 4 8 0 . 6 9 0 . 7 4 0 . 7 1 0 . 2 6 0 . 2 1

New Yo r k 0 . 7 2 1 . 0 4 1 . 1 1 1 . 0 7 0 . 4 0 . 3 2

N o rth Caro l i n a 0 . 4 4 0 . 6 3 0 . 6 7 0 . 6 5 0 . 2 4 0 . 1 9

N o rth Dakota 0 . 8 1 1 . 1 7 1 . 2 5 1 . 2 1 0 . 4 5 0 . 3 6

O h i o 0 . 6 6 0 . 9 5 1 . 0 2 0 . 9 8 0 . 3 6 0 . 2 9

O k l a h o m a 0 . 5 3 0 . 7 6 0 . 8 2 0 . 7 9 0 . 2 9 0 . 2 3

O re g o n 0 . 5 9 0 . 8 5 0 . 9 0 . 8 7 0 . 3 2 0 . 2 6

P e n n s y l v a n i a 0 . 6 1 0 . 8 8 0 . 9 4 0 . 9 1 0 . 3 4 0 . 2 7

Rhode Island 0 . 7 2 1 . 0 4 1 . 1 1 1 . 0 7 0 . 4 0 . 3 2

South Caro l i n a 0 . 4 4 0 . 6 3 0 . 6 7 0 . 6 5 0 . 2 4 0 . 1 9

South Dakota 0 . 8 1 1 . 1 7 1 . 2 5 1 . 2 1 0 . 4 5 0 . 3 6

Te n n e s s e e 0 . 5 3 0 . 7 6 0 . 8 2 0 . 7 9 0 . 2 9 0 . 2 3

Te x a s 0 . 4 6 0 . 6 7 0 . 7 1 0 . 6 9 0 . 2 6 0 . 2

U t a h 0 . 4 8 0 . 6 9 0 . 7 4 0 . 7 1 0 . 2 6 0 . 2 1

Ve rm o n t 0 . 7 2 1 . 0 4 1 . 1 1 1 . 0 7 0 . 4 0 . 3 2

Vi rg i n i a 0 . 5 0 . 7 2 0 . 7 8 0 . 7 5 0 . 2 8 0 . 2 2

Wa s h i n g t o n 0 . 6 5 0 . 9 3 0 . 9 9 0 . 9 6 0 . 3 6 0 . 2 8

West Vi rg i n i a 0 . 4 4 0 . 6 3 0 . 6 7 0 . 6 5 0 . 2 4 0 . 1 9

Wi s c o n s i n 0 . 7 1 . 0 1 . 0 7 1 . 0 3 0 . 3 8 0 . 3 1

Wy o m i n g 0 . 6 9 0 . 9 9 1 . 0 6 1 . 0 3 0 . 3 8 0 . 3

S t a t e

1 - 4 5 - 9 1 0 - 1 4 1 5 - 1 9

Adult male Adult female
Age (years)
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Table 6.4. Estimates of average daily milk consumption by “high-exposure” groups according to age and sex, derived from the data in Table 5.4.

0 - 2

3 - 5

6 - 8

9 - 1 1

1 - 4

5 - 9

1 0 - 1 4

1 5 - 1 9

> 19 (male)

> 19 (female)

1 . 3

1 . 4

1 . 3

1 . 2

1 . 2

1 . 2

1 . 4

1 . 3

1 . 0

0 . 8

m o n t h s y e a r s

Consumption rate (L d- 1)
A g e

Table 6.2. Median milk consumption rates of milk drinkers in the population of the contiguous U.S. for the year 1954, according to age and sex, <CR(US,k)>.

5

6

7

8

9

1 0

1 1

1 2

1 3

1 4

1 - 4

5 - 9

1 0 - 1 4

1 5 - 1 9

Adult male

Adult female

0 - 2

3 - 5

6 - 8

9 - 1 1

0 . 1 7

0 . 5 5

0 . 9 0

1 . 0 0

0 . 8 3

0 . 7 8

0 . 7 1

0 . 6 6

0 . 6 1

0 . 5 6

0 . 7 7

0 . 8 3

0 . 7 8

0 . 7 0

0 . 5 9

0 . 8 4

0 . 9 0

0 . 8 7

0 . 3 2

0 . 2 5

1 . 4

1 . 4

1 . 4

1 . 4

1 . 8

1 . 8

1 . 9

2 . 0

2 . 5

2 . 3

Age group index, k

y e a r s m o n t h s

Fraction of milk drinkers,
F M D ( k )

Median consumption rate,
<CR(US,k)>, 

L d- 1

G S D
A g e



6.2.4. Consumption Rates of Cows’ Milk for 
the “Low-Exposure” Gro u p s
It is assumed that the “low-exposure” group does not consume
any fresh cows’ milk, i.e. CRl o w = 0.  As shown in Chapter 5,
this is true for about 30% of the population in any age class 
on an average day.

6.3.  DOSE CONVERSION FACTORS
The dose conversion factor, DCF, gives the absorbed dose to the
t h y roid resulting from a unit activity intake of 1 3 1I via ingestion.
The values of the dose conversion factors for the 10 post-natal
age groups are derived from a re p o rt pre p a red by a task gro u p
of the Advisory Committee, and is re p roduced in Appendix 6.
The values of the dose conversion factors for the four pre-natal 
age groups are based on calculations by Zanzonico and Becker
(1991). The basis for the dose conversion factors is discussed
b e l o w.

6.3.1. Post-Natal Age Gro u p s
Iodine-131, when ingested in a water-soluble form, usually
iodide, is readily absorbed into the blood from the gastro i n t e s t i-
nal tract. Circulating iodide is removed rapidly by both the 
t h y roid and the kidneys.  Iodine, an essential trace element, is a
component of hormones produced and stored within the thy-

roid gland.  The thyroid hormones, thyroxine (tetraiodothyro-
nine) and triiodothyronine, are re q u i red for normal gro w t h ,
development, and metabolism.

The doses resulting from the intake of 1 3 1I via ingestion
a re at least 1000 times greater in the thyroid gland than in any
other radiosensitive organ or tissue in the body (ICRP 1989)
because: (a) 1 3 1I concentration in the thyroid is much gre a t e r
than in any other organ, and (b) a substantial fraction of the
e n e rgy released during the decay of 1 3 1I ( F i g u re 6.3 and Table 6.5)
is absorbed locally. Only thyroid doses are calculated in this
re p o rt.                         

The calculation of thyroid doses from 1 3 1I re q u i res the
assignment of numeric values to various biologic parameters
that influence the 1 3 1I concentration within the thyroid.  Those
parameters include the fractional uptake by the thyroid of iodine
f rom the bloodstream, the mass of the thyroid gland, and the
retention of 1 3 1I by the thyroid. Estimated values of those para-
meters are provided for various ages in Appendix 6, along with
the methodology used in this re p o rt to calculate the dose con-
version factors.

Following a single intake of A (nCi) of 1 3 1I by ingestion
by an individual in age group, k, a fraction, f(k), of the activity
is transferred to the thyroid where it is distributed in the mass of
the thyroid, mt h(k). Assuming that the transfer to the thyroid is
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Table 6.5.  E n e rgies and intensities of the main transitions involved in the decay of 1 3 1I (ICRP 1983).  The corresponding decay scheme of 1 3 1I is shown in Figure 6.3.

b-1 0 . 0 2 1 3 0 . 0 6 9 3 5a

b-3 0 . 0 7 3 6 0 . 0 9 6 0a

b-4 0 . 8 9 4 0 . 1 9 1 5a

g1 0 . 0 2 6 2 0 . 0 8 0 2a

g7 0 . 0 6 0 6 0 . 2 8 4 3

g1 4 0 . 8 1 2 0 . 3 6 4 5

g1 7 0 . 0 7 2 7 0 . 6 3 7 0

g1 9 0 . 0 1 8 0 0 . 7 2 2 9

R a d i a t i o n I n t e n s i t y
(Bq s)- 1

E n e rg y
( M e v )

a Average beta particle energ y.



instantaneous, the maximum concentration of 1 3 1I in the thy-
roid, Ct h(k), in nCi g- 1, is:

Cth ( k ) 5 A 3 ( 6 . 5 4 )

w h e re :
A = activity intake of 1 3 1I (nCi), 

f(k)= fractional uptake of 1 3 1I by the thyroid from the blood of an
individual in age group k, and

mth (k)= mass of the thyroid (g) of an individual in group, k.

As indicated in Appendix 6, the standard radiobiological
equation for calculating the dose from an internally deposited
radionuclide is:

D ( k ) 5 Ct h ( k ) 3 Te ff ( k ) 3 ( 7 3 . 8 3 Eb 1 0.0346 G 3 g)             (6.55)

w h e re :

D(k)= the total dose from beta and gamma irradiation (mrad)

Ct h(k)= the maximum concentration of 1 3 1I in the thyroid (nCi g- 1)

Te ff(k)= the effective half-life of 1 3 1I in the thyroid, d, calculated
using (Tb(k) x Tr) / ( Tb(k)  + Tr), where Tb(k) and Tr a re the
biological half-life for group k and the physical half-life of
1 3 1I, re s p e c t i v e l y

Eb= the average energy (0.18 Mev per disintegration) of beta
rays resulting from the  decay of 1 3 1I ,

G = the specific gamma-ray constant for 1 3 1I (2.2 R h- 1 per 
mCi at 1 cm), and

g= the average geometrical factor for the thyroid, equal to 
3r for spheres with radii, r, less than 10 cm.

Substitution of Ct h(k) from equation 6.54 and other
d e fined quantities into equation 6.55 y i e l d s :

D ( k ) 5 A 3 3 3 ( 1 3 . 3 1 0 . 7 1 7 3 r)             (6.56)
Tb ( k ) 3 Tr}}
Tb ( k ) 1 Tr

f ( k )
}
mt h( k )

f ( k )
}
mth ( k )
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F i g u re 6.3.  S i m p l i fied decay scheme of 1 3 1I (ICRP 1983). The energy and intensity of each transition are given in Table 6.5.



The dose conversion factor for an age group, DCF(k),
(rad mC i- 1) is the thyroid dose per unit activity intake and is
obtained from equation 6.56:

D C F ( k ) 5 5 3 3 ( 1 3 . 3 1 0 . 7 1 7 3 r)             (6.57)

The parameter values needed to calculate DCF with this
equation were interpolated to the mid-point of each age range
c o n s i d e red from data contained in Appendix 6. All parameter
values were linearly interpolated with the exception of the frac-
tional uptake (f) between 0 and 3 months, for which a linear
d e c rease was assumed from age 0 (value: 0.6) to age 2 weeks
(value: 0.25), followed by a constant value between 2 weeks and
3 months. The parameter values obtained for each post-natal age
g roup (k = 5 to 14) are presented in Table 6.6. The resulting thy-
roid doses per unit activity intake via ingestion are given in Ta b l e
6 . 7 . These dose conversion factors are in reasonably good agre e-
ment with the dose conversion values for similar age ranges re c-
ommended by the ICRP (ICRP 1989).

The thyroid doses per unit activity intake via inhalation
a re taken to be equal to those via ingestion. This is likely to be a

c o n s e rvative assumption, especially for 1 3 1I attached to part i c l e s
(ICRP 1995). However, this assumption has a relatively small
impact on the thyroid doses, as the intakes via inhalation are
usually much smaller than those resulting from ingestion.

6.3.2. Pre-Natal Age Gro u p s
T h y roid doses to the fetus are more difficult to estimate than
those to infants and older persons mainly because of: (a) the
exchange of iodine between the maternal and fetal circ u l a t i o n s ,
and (b) the rapid changes with gestational age of the fetal thy-
roid mass and uptake.

The critical event in the fetal thyroid exposure to 1 3 1I is
the onset of its ability to accumulate iodine; before it is capable
of such accumulation, the fetal thyroid dose is appro x i m a t e l y
equivalent to the fetal whole-body dose, which is very small (a
few millirad per microcurie) and is neglected in this re p o rt
(USNRC 1992; Zanzonico and Becker 1991). The onset of
iodine accumulation by the fetal thyroid occurs between the
12th and 15th week of gestation (Book and Goldman 1975;
Chapman et al. 1948; Evans et al. 1967; Hodges et al. 1955).
E x p ressed as percentage of total 1 3 1I intake by the mother, fetal
t h y roid uptake remains very low (from 0.003 to 0.4%) thro u g h
the 18th to the 22nd week, and appears to increase to a maxi-

Tb ( k ) 3 Tr}}
Tb ( k ) 1 Tr

f ( k )
}
mt h( k )

D ( k )
}

A
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Table 6.6.  Metabolic and anatomic parameters used  in calculations of radiation doses to the thyroid gland for post-natal age groups. 
Uptake and mass data are estimated for pre-1960 values.a

Infant 0-2 mo

Infant 3-5 mo

Infant 6-8 mo

Infant 9-11 mo

Child 1-4 a

Child 5-9 a

Child 10-14 a

Child 15-19 a

Adult male

Adult female

0 . 2 7 9

0 . 2 5

0 . 2 5

0 . 2 5

0.25 

0.25 

0.25 

0.25 

0 . 2 3

0.27 

1 . 5 6

1 . 6 9

1 . 8 1

1 . 9 4

3.00 

6.25 

9.75 

14.00 

1 8 . 0 0

16.00 

0 . 1 7 9

0 . 1 4 8

0 . 1 3 8

0 . 1 2 9

0.083 

0.040 

0.026 

0.018 

0 . 0 1 3

0 . 0 1 7

0 . 5 7

0 . 5 8

0 . 6 0

0 . 6 1

0.70 

0.89 

1.05 

1.18 

1 . 2 9

1 . 2 4

2 4

3 1

3 9

4 6

65 

80 

85 

90 

9 0

9 0

Age and sex

T h y roid uptake fraction, f T h y roid mass, mt h ( g ) Quotient f/mth 

( g- 1)
T h y roid radius,

r (cm)
Biological half-life 

Tb( d )

P a r a m e t e r

a Derived from Appendix 6.



mum at term of no more than 2 to 3% (Dyer and Brill 1972;
Evans et al. 1967; Morreale de Escobar and Escobar del Rey
1 9 8 8 ) .

Many measurements of fetal thyroid mass at diff e rent ges-
tational ages have been re p o rted (Evans et al. 1967; Mochizuki
et al. 1963). The thyroid gland, which weighs only 0.001 to
0.002 g by the 9th week, grows rapidly and weighs appro x i-
mately 0.005 g at 12 weeks, 0.05 g at 13 weeks, 0.1 to 0.3 g at
20 weeks, 0.2 to 0.6 g at 24 weeks, and 1 to 1.5 g at term .

The fetal thyroid dose is, as a first approximation, dire c t l y
p ro p o rtional to the quotient of the fetal uptake and of the fetal
t h y roid mass. This quotient, expressed as percent of 1 3 1I intake
per gram of fetal thyroid tissue, seems to be about 0.2% per g at
12 to 16 weeks of gestational age, to reach a maximum of about
1% per g at 20 to 28 weeks, and to decrease thereafter to about
0.2% per g at term because the mass of the thyroid gland
i n c reases more rapidly than the uptake (Zanzonico and Becker
1 9 9 1 ) .

The fetal thyroid dose estimates used in this re p o rt are
based on the calculations of Zanzonico and Becker (1991), who
adapted a whole-body compartmental model of iodine in a
p regnant woman initially developed by Johnson (1982) (F i g u re
6 . 4). Zanzonico and Becker (1991) assumed that all of the 1 3 1I
intake is initially in the maternal and fetal inorganic iodine com-

p a rtment and varied the exchange rates corresponding to input
into and output from the maternal thyroid in order to yield a
24-hour maternal thyroid uptake of 25% and a biologic half-
time of residence of iodine in the maternal thyroid of 100 days
(assumed average values for a euthyroid mother). A slow trans-
placental exchange between the fetal and maternal org a n i c
iodine (protein-bound iodine (PBI)) compartments was intro-
duced and the corresponding exchange rates adjusted to yield a
p rotein-bound 1 3 1I plasma concentration in the fetus equal to
5% of that in the mother prior to the onset of fetal thyroid func-
tion (Morreale de Escobar and Escobar del Rey 1988). Using the
f o rmulas of Johnson (1982), the variation in fetal uptake with
age was modeled by gestational age-dependent exchange rates
c o rresponding to input into and output from the fetal thyro i d .
All other exchange rates used by Zanzonico and Becker are fro m
Johnson (1982).

The fetal thyroid doses were calculated by Zanzonico and
Becker (1991) for several pre-natal ages on the basis of the 1 3 1I
activities in the fetal thyroid obtained with the model. The varia-
tion with gestational age of the fetal thyroid mass and of the
fraction of 1 3 1I energy absorbed by the fetal thyroid were taken
into account. In the dose calculations, the compart m e n t a l
exchange rates and the mass of the fetal thyroid were fixed at
their respective values at the time of the 1 3 1I administration; this
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Table 6.7.  Calculated thyroid doses per unit activity intake (DCF, mrad nCi- 1) for the age and sex groups considered in the assessment.

1
2
3
4

F e t u s : 0-10 wk
11-20 wk
21-30 wk
31-40 wk

0 . a
2 . 7a

3 . 8a

1 . 7a

5
6
7
8

I n f a n t : 0-2 mo
3-5 mo
6-8 mo

9-11 mo

1 5b

1 3b

1 3b

1 2b

9
1 0
1 1
1 2

C h i l d : 1-4 y
5-9 y

10-14 y
15-19 y

8 . 2b

4 . 1b

2 . 6b

1 . 9b

1 3
1 4

Adult male
Adult female

1 . 3b

1 . 8b

Age group index, k T h y roid dose per unit intake 
( D C F, mrad nCi- 1)

a   Based on Zanzonico and Becker (1991); values are re f e renced to the mother’s intake.
b Computed using equation 6.57 and parameters in Table 6.6.

Age and Sex



means that both gestational age-dependent changes in fetal thy-
roid function and fetal growth subsequent to the 1 3 1I administra-
tion were ignore d .

Estimates of fetal thyroid doses as a function of gestation-
al age are plotted in F i g u re 6.5. For the purposes of this re p o rt ,
fetal thyroid doses have been averaged over time periods of 10
weeks; the results are presented in Table 6.7.

6.3.3. Uncert a i n t i e s
The DCF values presented in Table 6.7 a re those used in the
dose assessment for all population groups in a given age and sex
class.  It should be noted that they are re p resentative of the
1950s and that current values would be expected to be lower,
mainly because of an increase in the dietary intake of stable
iodine during the last 30 years.  Geographical variations acro s s
the United States were not considered in Appendix 6, b e c a u s e
g o i t rogenic regions, which would have led to larger than “nor-
mal” thyroid glands, were eliminated from the United States
b e f o re 1940.

When evaluating uncertainties, care must be taken in uti-

lizing the tabled dosimetric estimates, since they re flect the bio-
logical estimates used in their development.  There is consider-
able variation in the anatomic and physiologic characteristics of
the human thyroid gland, making an accurate description of any
single thyroid difficult, particularly in re t rospect.  It must be
recalled, however, that the three biologic parameters influ e n c i n g
the dose (fractional uptake, effective half-time of 1 3 1I in the thy-
roid, and thyroid mass) are interrelated.  Conditions resulting in
an increased iodine uptake for example, may result in an
i n c reased thyroid size and a decreased effective half-time. The
resulting interplay would offset the impact of each component
of the dose equation on the results and would tend to re t u rn the
estimate toward the central value (Appendix 6). Dunning and
S c h w a rz (1981) estimated that the dose conversion factors for
ingestion 1 3 1I are log-normally distributed with a GSD of 1.8.  It
is assumed in this re p o rt that the dose conversion factors are
l o g - n o rmally distributed with a GSD of 1.8 for all age gro u p s .

For a given intake of 1 3 1I by ingestion, it is shown in 
Table 6.7 that the highest thyroid absorbed doses are received 
by  infants less than 2 months old. The lowest DCF is for gro u p
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F i g u re 6.4.  Whole-body compartment model of iodine in a pregnant woman (Zanzonico and Becker 1991).



13, the adult male. Doses to the fetus (four age groups) per unit
intake by the mother have also been calculated and found to be
smaller than those to infants.

6.4.  ESTIMATED THYROID DOSES FROM INGESTION OF COWS’ MILK
The methodology used in the re p o rt to estimate thyroid doses to
population groups and collective thyroid doses from ingestion of
cows’ milk is briefly summarized below. It should be noted that
the thyroid doses resulting from ingestion of cows’ milk are only
one component, but usually the most important component, of
the total thyroid doses. Other components (discussed in
Chapter 7) are the inhalation of 1 3 1I-contaminated air and the
ingestion of other foodstuffs  contaminated with 1 3 1I.  Only the
total thyroid dose estimates are tabulated for each test and each
county in the Annexes and Sub-annexes of this re p o rt .
H o w e v e r, an exception is made for the collective and per capita
t h y roid doses from ingestion of cows’ milk, averaged over all age
g roups and both sexes for each county and each test, which are
p resented in the Sub-annexes. (Note that the units of dose in
those tables are rad; 1 rad = 1000 mrad.)  For the sake of bre v i-
t y, none of the other detailed estimates of thyroid doses re s u l t i n g
f rom the ingestion of 1 3 1I-contaminated cows’ milk are pro v i d e d
in the re p o rt; however, they can be readily calculated using the
equations given below in this section. Chapter 8 p rovides a 
discussion of the methodology and exposure scenarios used to
calculate the total thyroid doses, and examples of the re s u l t s .

6.4.1. Thyroid Doses From a Given Te s t

6.4.1.1. Doses to milk drinkers of differing age, sex, and
l o c a t i o n
The median doses resulting from ingestion of cows’ milk, 
< Dm c (i, k, te)>,  due to fallout from a given test, te, received 
by milk drinkers of a given age and sex group, k, living in a
c o u n t y, i, are estimated as:

< Dm c ( i , k , t e ) > 5 < I M Cvw ( i , t e ) > 3 C R ( i , k ) > 3 D C F ( k ) . (6.58) 

w h e re :

< I M Cv w( i , t e ) > is the geometric mean of the volume-weighted
time-integrated 1 3 1I  concentration in milk 
consumed in county, i, after test, te,

< C R ( i , k ) > is the median consumption rate of cows’ milk
by milk drinkers of a given age and sex gro u p ,
k, living in county, i, and

< D C F ( k ) > is the median dose conversion factor for the
given age and sex group, k.
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F i g u re 6.5.  Fetal thyroid dose conversion factor for gestational ages, from exposure to 1 3 1I ingested by a euthyroid mother (Zanzonico and Becker 1991).
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Table 6.8.  Variation with age and sex of the median milk consumption rate for milk drinkers, of the fraction of milk drinkers, of the median dose conversion factor, 
and of the median dose over the population of the contiguous U.S. in 1954 for a unit time-integrated concentration of 1 3 1I in milk consumed.

1
2
3
4

0-10 wk
11-20 wk
21-30 wk
31-40 wk

0 . 8c

0 . 8c

0 . 8c

0 . 8c

0 . 5 6d

0 . 5 6d

0 . 5 6d

0 . 5 6d

0e

2 . 7e

3 . 8e

1 . 7e

0
1 . 2
1 . 7
0 . 8

G roup index, k Age and sex Milk consumption rate 
of milk drinkers,

< C R ( U S , k ) >
(L d- 1)a

Fraction of milk drinkers
FMD (k)a

Dose conversion factor,
DCF (mrad nCi- 1)b

Dose per unit 
contamination of milk
(mrad per nCi d L- 1)

a F rom Table 6.2.
b F rom Table 6.7.
c Milk consumption rate of the mother.
d Fraction of milk drinkers in the group of expectant mothers (average value for adult females; k = 14).
e Dose to fetal thyroid per unit activity ingestion by mother.

5
6
7
8

0-2 mo
3-5 mo
6-8 mo
9-11 mo

0 . 7 7
0 . 8 3
0 . 7 8
0 . 7 0

0 . 1 7
0 . 5 5
0 . 9 0
1 . 0

1 5
1 3
1 3
1 2

2 . 0
5 . 9
8 . 4
8 . 4

9
1 0
1 1
1 2

1-4 y
5-9 y

10-14 y
15-19 y

0 . 5 9
0 . 8 4
0 . 9 0
0 . 8 7

0 . 8 3
0 . 7 8
0 . 7 1
0 . 6 6

8 . 2
4 . 1
2 . 6
1 . 9

4 . 0
2 . 7
1 . 7
1 . 1

1 3
1 4

M a l e
F e m a l e

0 . 3 2
0 . 2 5

0 . 6 1
0 . 5 6

1 . 3
1 . 8

0 . 3
0 . 3

F E T U S

I N FA N T

C H I L D

A D U LT



The values of <IMCv w(i,te)> are derived from the 
time-integrated concentrations for each category of milk
< I M Cq(i,te)>, as shown in equation 6.29. The milk consumption
rates <CR(i,k)> are taken from Tables 6.2 and 6.3. It should be
kept in mind that milk consumption rates vary considerably
f rom one individual to another and that only central values of
the intakes of 1 3 1I from ingestion are considered here.  The val-
ues of the dose conversion factors <DCF(k)> are presented in
Table 6.7.

Table 6.8 p resents, for each age and sex group, estimates
of the product of: (a) the median milk consumption rate,
<CR(k)>, for milk drinkers in the U.S. population (Table 6.2) ;
(b) the fraction of milk drinkers, FMD(k) (Table 6.2); and (c)
the median dose conversion factor, <DCF(k)> (Table 6.7). If a
constant time-integrated concentration of 1 3 1I in milk consumed
by all age and sex groups in a county is assumed, this product is
p ro p o rtional to the average dose received by the age and sex
g roups.  The 6-11 month-old infants are estimated to receive, on
average, the highest doses (8.4 mrad per nCi d L- 1), whereas the
lowest estimated doses (0.3 mrad per nCi d L- 1) are received by

adults and are 4% of the highest doses.  The per capita thyro i d
dose per unit time-integrated concentration of 1 3 1I in cows’ milk
is 3.4 mrad per nCi d L- 1.

6.4.1.2.  Doses to the “high-exposure” gro u p s
The median thyroid doses to the “high-exposure” gro u p s ,
< Dm c , h i g h (i,k,te)>, are estimated using the median dose 
conversion factors defined above and the milk concentrations
and consumption rates appropriate for these gro u p s .

< Dm c , h i g h ( i , k , t e ) > 5 < I M Chigh ( i , t e ) > 3 C Rhigh ( i , k ) 3 <DCF(k)            (6.59)

w h e re :
• the value of <IMCh i g h(i,te)> is the highest time-integrated concentration

of 1 3 1I  calculated in the four milk categories, q, in county, i, and test, te.
The estimates obtained for each county of the contiguous United States
a re presented in the Annexes for each test and each test series,
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Table 6.9. Variation with age and sex of the median dose to the “high-exposure” groups for a unit time-integrated concentration of 1 3 1I in milk consumed by each gro u p .

1
2
3
4

0-10 wk
11-20 wk
21-30 wk
31-40 wk

0b

2 . 2b

3 . 0b

1 . 4b

G roup index, k Age and sex Dose per unit contamination of milk 
(mrad per nCi d L- 1)a

a Computed using milk consumption rates in Table 6.4 and dose conversion factors in Table 6.8.
b Based upon milk consumption rate of the mother.

5
6
7
8

0-2 mo
3-5 mo
6-8 mo
9-11 mo

2 0
1 8
1 7
1 4

9
1 0
1 1
1 2

1-4 y
5-9 y

10-14 y
15-19 y

9 . 8
3 . 2
3 . 6
2 . 5

1 3
1 4

M a l e
F e m a l e

1 . 3
1 . 4

F E T U S

I N FA N T

C H I L D

A D U LT



• the values of CRh i g h(i,k), which correspond to the 95th percentiles of the
distributions presented in Table 5.4 of Chapter 5, range from 0.8 to 1.4
L d- 1 and  are shown in Table 6.4.

For a specific time-integrated concentration of 1 3 1I in
milk, <IMCh i g h (i,te)> the products of the milk consumption
rates, <CRh i g h (i.k)>, (Table 6.4) and the dose conversion factors,
<DCF(te)>, (Table 6.7) for all age groups are given in Table 6.9.
Review of the results shows that the most exposed group con-
sists in this case  of 0-2 month old infants. It is emphasized 
that these results re p resent approximations to the doses to the
most exposed groups.  Individual doses may not be the same
because of diff e rences in milk consumption rates or dose con-
version factors.

6.4.1.3.  Doses to the “low-exposure” gro u p s
It is assumed that the “low-exposure” groups do not consume
any fresh cows’ milk, i.e. CRl o w(i,k) = 0.  The estimates of the
doses due to contamination of cows’ milk are there f o re equal to
z e ro, irrespective of the time-integrated 1 3 1I concentrations in
f resh cows’ milk.

6.4.1.4. Doses to the groups drinking milk from 
b a c k y a rd cows
Assumptions about the feeding, pasturage, and milk transfer
c o e fficients for backyard cows are given in Chapter 4.  Backyard
cows are assumed to consume 8 kg (dry matter) of pasture and
3 kg (dry matter) of concentrates during the pasture season.
The duration of the pasture season for the backyard cows is
assumed to be longer by 2 months than that for dairy  cows.
The median time-integrated concentrations of 1 3 1I in milk fro m
b a c k y a rd cows, <IMCb c(i,te)>, estimated for each county, i, are
p resented in the Annexes for each test, te.   

It is assumed that the people drinking milk from back-
y a rd cows have “high” consumption rates of milk.  These rates
a re described above and listed in Table 6.4. The median doses to
the age and sex group, k, located in county, i, following test, te,
and drinking milk from backyard cows, <Dm c , b c (i,k,te)>, are
estimated using the median dose conversion factors discussed
above and the following equation:

< Dm c , b c ( i , k , t e ) > 5 < I M Cb c ( i , t e ) > 3 C Rhigh ( i , k ) 3 <DCF(k)>           (6.60)

6.4.1.5.  Collective and per capita doses
The collective dose, CDm c(i,te), received by the population of
c o u n t y, i, from 1 3 1I deposition after a test, te, is the sum of the
doses received by all individuals in that population.  The collec-
tive dose received by the population of a county is estimated by
computing the sum of the collective doses received by each of
the 10 post-natal age groups (k = 5 to 14), estimated in turn as
the products of the arithmetic mean doses received by milk
drinkers, m(Dm c(i,k,te)), the average fraction of milk drinkers in
the groups, FMD(k), and the population sizes of the age gro u p s
in the county, POP(i,k).  The equation is:

C Dm c (i,te) 5 S
k = 1 4

k = 5
m ( Dm c ( i , k , t e ) ) 3 F M D ( k ) 3 POP(i,k)            (6.61)

The mean doses, m(Dm c(i,k,te)) are derived from the
median thyroid dose for milk drinkers, <Dm c(i,k,te)>, and fro m
the geometric standard deviation of the thyroid dose distribution
u s i n g :

m ( Dm c ( i , k , t e ) ) 5 <Dmc ( i , k , t e ) > 3 e 0.5 x s 2 ( Dmc (i,k,te))              ( 6 . 6 2 )

The variance, with s2( Dm c(i,k,te)), is completed using:

s 2( Dmc ( i , k , t e ) ) 5 (s 2( I M Cvw ( i , t e ) ) 1 s 2( C R ( i , k ) ) 1 s 2(DCF(k))) 0 . 5 ( 6 . 6 3 )

The collective dose, CDm c(US,te), received by the popu-
lation of the entire U.S. from 1 3 1I deposition in a test, te, can be
calculated in turn as the sum of collective doses received by the
population of each of the 3,094 counties and subcounties.  The
summation over the counties is:

C Dm c ( U S , t e ) 5 S
i   

C Dmc (i,te)                       ( 6 . 6 4 )

The contribution of each age and sex group to the collec-
tive dose can be estimated by computing the product of the
population fraction, the fraction of milk drinkers, the dose con-
version factor, and the milk consumption rate for each gro u p .
The product of the last three terms was already presented in
Table 6.8. Table 6.10 includes those results, the population frac-
tions from Table 5.9, and the products of all four terms for
infants, children, and adults.  The last column of Table 6.10
shows the relative contributions of each age and sex group.  
The largest contribution to the collective dose (about 30%) is
f rom children aged 1-4 years.   The adults, which re p re s e n t
m o re than 60% of the population, contribute less than 20% to
the collective dose.
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Table 6.10. Relative variation with age and sex of the collective thyroid dose for the population of the contiguous U.S. in 1954 for a unit 
time-integrated concentration of 1 3 1I in consumed milk.

G roup index, k Age and sex Dose per unit 
contamination of milk 
(mrad per nCi d L- 1)a

Population fraction,
F P O P ( k )b

Contribution to 
collective dose 

to thyro i d sc

Relative contribution 
to the collective

t h y roid dose (%)

a F rom Table 6.8.
b F rom Table 5.9 in Chapter 5.
c P roduct of columns three and four; units are mrad per nCi d L- 1.

5
6
7
8

0-2 mo
3-5 mo
6-8 mo
9-11 mo

2 . 0
5 . 9
8 . 4
8 . 4

0 . 0 0 5 5
0 . 0 0 5 5
0 . 0 0 5 5
0 . 0 0 5 5

0 . 0 1 1
0 . 0 3 3
0 . 0 4 6
0 . 0 4 6

1
3
4
4

9
1 0
1 1
1 2

1-4 y
5-9 y

10-14 y
15-19 y

4 . 0
2 . 7
1 . 7
1 . 1

0 . 0 8 8
0 . 0 9 5
0 . 0 8 3
0 . 0 7 2

0 . 3 5 2
0 . 2 5 7
0 . 1 4 1
0 . 0 7 9

3 0
2 2
1 2
7

1 3
1 4

M a l e
F e m a l e

0 . 3
0 . 3

0 . 3 1
0 . 3 3

0 . 0 9 3
0 . 0 9 9

8
9

To t a l s 1 . 0 1 . 1 5 7 1 0 0

I N FA N T

C H I L D

A D U LT



The per capita dose, Dm c , p c(i,te), in county, i, re s u l t i n g
f rom a test, te, is calculated as the quotient of the collective
dose, CDm c(i,te), and of the population of the county:

Dm c , p c (i,te) 5 ( 6 . 6 5 )

The per capita dose to the entire U.S. population for a
p a rticular test, te, is the ratio of the collective dose CDm c ( U S ,
te), given in equation 6.63, to the total population of the country.
Estimates of collective and per capita thyroid doses due to the
ingestion of 1 3 1I-contaminated cows’ milk are presented in the
Sub-annexes for each test, for the population of each county,
and for the entire population of the contiguous United States.
(Note that the units of dose in those tables are rad; 1 rad = 1000
m r a d . )

6.4.2. Thyroid Doses From A Given Test Series
The median thyroid doses in a population group due to the con-
sumption of cows’ milk contaminated by 1 3 1I as a result of a
given test series can be estimated by computing the products of:
(a) the median time-integrated 1 3 1I concentrations for the test
series in the cows’ milk consumed by the population group con-
s i d e red, <IMCv w (i,ts)>, (b) the median milk consumption rate
for the population group, <CR(i,k)>, and (c) the median dose
conversion factor, <DCF(k)>, for the population group consid-
e red.  For example, the median thyroid dose due to the con-
sumption of cows’ milk contaminated as the result of 1 3 1I fallout
during the test series, ts, in county, i, among the population of
milk drinkers in age group, k, is calculated as:

< Dm c ( i , k , t s ) > 5 < I M Cv w ( i , t s ) > 3 , C R ( i , k ) . 3 , D C F ( k ) . ( 6 . 6 6 )

H o w e v e r, this estimate is valid only if it is assumed that:

• the population remained stable during the test series
(no births, deaths, or population movement in and out
of the county, which is probably unrealistic), and

• the individuals remained in the same age group during
the test series (this is not the case for the infants for
most of the test series).

For individuals who changed residence or age gro u p
between tests of a test series, the thyroid dose from the test
series is calculated by combining the thyroid doses from each
test in the series and using the appropriate age-dependent para-
meter values for each test.  A detailed presentation of such cal-
culations is provided in Chapter 9.

6.4.3. Thyroid doses from all tests
The average thyroid doses in a given age group due to the con-
sumption of milk contaminated by 1 3 1I as a result of all tests
cannot be obtained by adding the contributions from each of the
eight test series (Ranger, Buster-Jangle, Tu m b l e r- S n a p p e r,
Upshot-Knothole, Teapot, Plumbbob, Hardtack, and
U n d e rg round Era).  Such an approach presupposes that:

• the population in that age group remained stable dur-
ing the entire testing era (no  population transfer in and
out of the county), and

• the individuals remained in the same age group during
the entire testing era (this  is not the case for most age
g ro u p s ) .

In this re p o rt, only per capita and collective doses fro m
all tests are calculated for the population of each county.

The calculation of individual thyroid doses from all tests
can be carried out by combining the thyroid doses from each
test series and using the appropriate parameter values for each
test series.  A detailed example of such calculations is pro v i d e d
in Chapter 9.

6.5.  SUMMARY

• Median thyroid doses resulting from the ingestion of cows’
milk contaminated with 1 3 1I are estimated as the products of
the time-integrated concentrations of 1 3 1I in milk, of the milk
consumption rates, and of the dose conversion factors for
ingestion of 1 3 1I in milk appropriate for the population gro u p
c o n s i d e re d .

• The population in each county has been divided into 14 age
and sex groups (four stages during fetal development, four
g roups for infants less than one year old, four age groups for
c h i l d ren and teenagers, one group for adult males, and one
g roup for adult females).  Median thyroid doses have been cal-
culated for each age and sex groups for: (a) the population
that drink cows’ milk, (b) specified “high-exposure” gro u p s ,
with a high consumption rates of cows’ milk containing a
h i g h e r-than-average 1 3 1I concentration, (c) specified “low-
e x p o s u re” groups (non-milk drinkers), and (d) the group that
drank milk from backyard cows.

• For a given intake of 1 3 1I, the highest average thyroid dose is
d e l i v e red to the 0-2  month infant, while the lowest average
t h y roid dose is received by the adult male.

• The methodology used to estimate collective and per capita
doses received by the  population of each county and by the
population of the entire U.S. as a result of the deposition of
1 3 1I on the ground following each test also has been pre s e n t e d .

C Dmc ( i , t e )
}}

S
k = 1 4

k = 5
P O P ( i , k )
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