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In the fal l  of 196 0 , the Advisory Committee on C ivi l Defens e of the 
National Academy of Sc iences was reques ted by the Office of Civi l and 
Defens e  MOb i lization to provide advice on the bes t procedure for as sess ing 
damage to l ives tock from radioac t ive fallout , par ticularly in connection 
wi th the mis s ion of the National Resources Evaluation Center . Per tinent 
paragraphs of the le tter containing this reques t were : 

' �e damage as s es sment in l ives tock as a resul t of nuc lear weapons 
re lates not only to the immed iate effec ts such as casualt ies pro
duced , extent of b las t damage , and fal l out hazards , but a lso to the 
eva luation of s uch things as food and medical s upplies , and to 
other resources important to the rehab i l i tation and recons truc tion 
of the country and i ts economy . 

In evaluat ing the food s itua t ion , it is nec es sary to es t ima te the 
effec ts of an a t tack upon l ives tock . Since mos t  l ives tock will  
be  beyond the range of the ini tia l effec ts of the weapons , the 
problem predominantly is that of es timating the effec ts of fal lout 
rad iation exposure . Many of the animals like ly wou ld be in the 
open and would receive rad iat ion damage from external exposure 
to gamma radiation and external  be ta rad iat ion , as wel l  as from 
the radioac t ive materia l inges ted . Other anima ls wou ld be in a 
barn or under s ame  cover and would be f ed from r eserve food 
s uppl ies . In this case only the effec ts of external  exposure to 
gamma radiation need be cons idered . And , final ly , there would 
be the cas e  of anima ls s imi lar ly protec ted , but fed contaminated 
food suppl ies . In this  case the combinat ion of external gamma 
rad iation p lus damage from internal emi tters must  be cons idered . "  

Accord ingly , the Advisory Committee on C ivil  Defense es tab lished a 
group to meet the reques t .  At i ts f irs t meetings the group made s everal 
intertm sugges tions in response to s pec ific ques t ions . The group was 
es tablished as a s emi- permanent subcommittee to review the information 
avai lable , and to refine and extend the ' 'bes t es timate s "  on which the 
interim sugges tions were bas ed . This is the Subc ommi t tee ' s  repor t .  

L. S .  Taylor , Chairman 
Advisory Commit tee on Civil  Defense 
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SUMMARY 

The Subcommi t tee on Lives tock Damage of the National Academy of 
Sc iences' Advis ory Commi ttee on Civi l Defense has examined experimental and 
observational repor ts of the effec ts of radioac tive fal l out upon laboratory 
and domes ticated animals .  In some areas the information is adequate for 
reasonable  estimates of damage to farm animals , but in others the data are 
scant . This lack of information is par t icularly not iceable when an attempt 
is made to assess the re lationship between external and internal exposure 
to fallout . This s tore of information mus t be improved and increased . 

General ly in the cas e  of ground burs t detona tions of nuc lear weapons , 
the hazard to animals wi l l  be large ly a result  of par t iculate fal l ou t  which 
del ivers external tota l-body rad iation to anima ls in the fal l out f ield , 
i. e . , when they are relatively c l os e  to the point of de tonation . These 
partic les are not read i ly me tabol ized by e i ther inges tion or inhalation . 
As the d is tance from or time after detonation increases there is a change 
in charac ter and s olub i l i ty of the fa llout partic les , �nd the hazard be
c omes one chief ly re lated to the inges tion of rad ioac tive par tic les . In 
air burs ts , much les s local fal l out wi l l  be produced , though i t  w i l l  prob
ably be read ily me tabol ized by p lants and animals . 

Animals are les s  s ens i tive to protrac ted low rad iation dos e  rate ex
posures than to br ief high rad ia tion dose rate exposures . Therefore , if  
there is a delay of  s everal hours in the arr ival of  fal l out ( s o  that rad ia
tion intens i ty  is  l ower than immediate ly af ter the burs t) it is l ikely that 
farm anima ls can wi ths tand a c ons iderably higher dos e  than we have es tima ted 
for the LD&otso for br ief exposures . In particular , i t  has been noted that 
swine require a very great increase in exposure to  produce the med ian 
letha l dos e  if  it  is g iven at  a rate of 50 r/day ins tead of a l l  within 24 
hours . In other animals this effec t may not be s o  great but s t ill  is 
subs tantial . 

The effec ts produced on genes and fer t il i ty by fal l out are probably 
not serious prob lems in farm animals . Present prac tices of selec t ion of 
breed ing animals reduces the gene tic consequenc es subs tantially . Animals ,  
both ma le and female , obs erved for a number of years have not become per
manently s ter ile  af ter exposure to doses in the LD60/30 range or higher . 
I t  is believed there is l i t t le l ikel ihood that any population of farm 
animals surviving total-body radia tion will  be e l iminated because of in
fer ti l i ty .  

It is highly unl ikely tha t food such as musc le meat , m i lk ,  and eggs 
derived from exposed but surviving animals wi l l  contain enough radio
ac t iv i ty to resu lt  in immediate deleterious effec ts upon the c onsumer . It 
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is basic, however, that wherever choice exists, consumption should be 
limited to food of the lowest contamination available. During an emergency 
period, food that is unacceptable by peacetime standards may have to be 
used to sustain life and to provide the energy needed for performing essen
tial tasks, since starvation and the leaving undone of essential tasks may 
pose a far more serious threat than the radiation injury to consumers. 

Persons handling or slaughtering exposed animals might be in danger of 
inhaling contamination from dusty hides and of external exposure from fall
out particles remaining on the animal hides or in discarded organs. The 
degree of danger will depend upon the precautions taken by the handler and 
the protection that can be afforded him. 

Food-producing animals can serve to filter or partially cleanse food 
eventually consumed by man. Advantage should be taken of this entrapping 
and filtering or holdup capacity. Table X of this document gives the re
duction ratios of three common fission radioisotopes and the amount of 
these nuclides to which a cow may be subjected before the food it produces 
is at the maximum level that may be permitted for man in an emergency ex
posure. It is suggested that in an emergency these values be used to guide 
decision-makers, particularly in connection with food for children, after 
the levels of the specific isotopes in question have been determined. They 
can also be used to predict the concentration levels in the food produced 
if the amount of these radioisotopes in the forage is known. 

We also suggest that the flesh and eggs of poultry may serve as a 
particularly useful protein source. Poultry are more resistant to radia
tion exposures than mammals: hens quickly eliminate the metabolized fission 
products such as radiostrontium and radiobarium by way of the egg shells by 
a rapid and frequent mobilization of labile bone salts. Furthermore, their 
usual housing gives them a moderate protection; they are usually fed stored 
and hence unexposed foods; and finally, they are easily transported, can be 
slaughtered and dressed by consumers, and do not require refrigeration 
since they can be kept alive until they are needed and can be consumed 
immediately after slaughter. 

Marine foods, both fresh and salt water, could also serve as a reason
ably safe substitute or additional protein source. Furthermore, large 
water masses will be safe for fishermen very quickly following the arrival 
of fallout, because the particles will settle rapidly to the bottom and the 
intervening water will provide shielding from the gamma radiations of the 
particles. 
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1. INTRODUCTION 

1.1 NREC Mission, Facility, and Procedures 

The national mission for assessing damage is carried out in the 
National Resources Evaluation Center (NREC). Briefly, that mission is to 
meet the most urgent requirements of all United States government agencies 
f�: 

( 1) pre-attack estimates of attack hazards, and 
(2 ) post-attack estimates of resource status. 

The post-attack phase of the mission can be further broken down into 
an immediate post-attack task of estimating national levels of damage, and 
a later, more deliberate assessment of resources to serve as a basis for 
resources management. 

In carrying out damage-assessment procedures by computer techniques, 
an estimate of damage at each of some thousands of resource locations is 
made for the various weapons effects. For fallout, the radiation intensity 
at each resource location is estimated from information on ground-zero 
locations, on weapon yields, on wind vectors, etc. The computer then 
arranges the results in such a way as to make possible the printing of an 
outline fallout map of the United States. Blast and thermal damage are 
similarly estimated. 

1 . 2 Special NREC Problems Involving Livestock 

NREC is using a livestock casualty computing procedure (recognized as 
tentative) which estimates the effects of external gamma radiation on 
various classes of livestock 30 days after attack. This procedure is not 
sufficiently responsive to requirements for time-phased estimates of food 
availability. In certain areas, the availability of local supplies during 
the first few weeks may be crucial. Therefore, NREC requires means for 
computing the percentages of grazing and non-grazing livestock fit for 
slaughter for food purposes at given times after detonation of weapons 
producing given intensities of gamma radiation standardized to a hypothet
ical value, one hour after burst. 

Also, NREC requires reliable information concerning the effects on 
livestock of beta and gamma radiation from iodine-131, strontium-90, and 
possibly other isotopes. MOre specifically, the following questions appear 
to require detailed exploration: 
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( 1) What are the effec ts . in terms of time- phased 
and other casua l t ies . of var ious intens i ty 

levels of iod ine- 131 , s trontium- 90 ,  and other haz
ardous isotopes on the var ious types of graz ing 
lives tock and pou l try? 

(2)  What are the fac tors for measuring the time-
phas ed effec ts of human c onsumption of mi lk and 

meat from grazing lives tock and of eggs and flesh 
from pou ltry under the c ond i t ions mentioned in 
ques tion 1? 

(3) How can the combined effec ts of gamma rad ia
tion and of beta rad iat ion from iodine- 131 , 

s trontium- 90 , and other isotopes be es timated? 

1 . 3  Subc ommi t tee Approach 

Af ter the ini tial review of the problem , it  was very apparent to the 
members of the Subcommi t tee that the c oncept of '�imum permis sible level 
or concentra tion" of rad ioac t ive fal lout e lements was not very sa tis fac
tory for a pos s ible  emergency s i tua tion tha t would introduce fac tors such 
as famine and produce rad iation hazards tha t wou ld go  far beyond the levels 
expec ted in peacetime disas ters . It was obvious tha t an es timate of the 
biological effec ts on l ives tock tha t c ould be expec ted at d ifferent expo
sure leve ls was more appropr ia te . Dec is ion-makers c ou ld use such 
es timates in prepar ing their p lans and programming their data . 

The Subcommi t tee rec ognized that the es t imates tha t can be made wi l l  
usual ly b e  s ta tis t ical evaluations from widely scat tered information and 
obs ervations . More accurate data deal ing with the e ffec ts of rad iation 
on the s ickness and death rates of l ives tock . inc lud ing poul try , c an be 
obtained only by further tes t ing under s imulated moderate- to high- level 
fallout c ond i t ions . The importance in our diet of meat , mi lk , and eggs 
warrants the s pec ial at tention of those adminis tering the research funds 
that migh t be us ed in this area . 

The Subcommi ttee agreed that the mos t c r i t ical problem resulting from 
the irrad ia tion of food - produc ing animals is to minimize the rad iation 
hazard to man , and , at  the same ttme . to maximize his pros pec ts for sur 
viva l . Thes e  bas ic guides l ines were identified : 

(1) The f irs t effor t shou ld be to sus tain and protec t 
the peop le at the time of a na tional emergency ; the 

s ec ond to feed them during the recovery period ; and the 
third to maintain the animal populations as a c ontinuing 
food res ource dur ing the rebui ld ing per i od . 
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(2) Thus the hazard to animals , as such , wou ld not be 
an important c ons idera tion , but the ir availab i l i ty 

as food or food producers would be of grea tes t impor
tance . 

( 3) Present radiologica l  heal th or re lated pub lic 
heal th prac tices may have to be compromised during 

the emergency period , but they should be re-es tab lished 
as quickly as pos s ible . 

The problems of the exposure of lives tock to fa l l ou t  of c oncern to 
c iv i l  defense and agricu ltural dec i s i on-makers can be d ivided into three 
phases or time periods , wh ich may overlap or be mis s ing , and which re late 
to the time after a detonation .  In the early per iod it is l ike ly that 
there will be no informat ion abou t the amount or the na ture of the fa l lout . 
In the second per iod the information wil l  be c onfined large ly to the mag
nitude and location of the fallout  bu t not i ts ident ity .  During the f inal 
phase the magni tude and variety of rad ionuc lides are known . It is i n  the 
interes t of e ffec tive preventive measures tha t the las t period be es tab
l ished as quickly as pos s ible . The c onc lus ions in this document wi l l  cover 
these var ious phas es . 

Experimental and empirica l evidenc e  has es tab l ished tha t a variation 
of suscept ib i l i ty to radiation inj ury occur among different anima ls even of 
the same s pec ies . However , a s tandard ized s igmoid or probit  curve can be 
used to es t imate the response of all  ed ib le animals at  various expos ure 
levels . Such a curve can be determined from experimental evidence ob tained 
from a number of s pec ies of domes ticated anima ls , and can afford a satis
fac tory es timating device . 

1 . 4  Fallout Types 

Early or local fallou t  is large ly par t iculate , but inc ludes much of 
the radioiod ines . Therefore the biological effec ts to animals of mos t 
c oncern are : 

(a) the total-body gamma radiation exposure , 
(b) the external collec tion of beta-ray-emi tting 

partic les on the skin of the back and on the 
fee t , 

(c) the total-body dose from the radioiodines , and 
(d) the exposure delivered to the thyroid gland . 

Of thes e ,  the dos e  to the thyroid is of mos t concern to the consumer of  
animal food produc ts , whi le the rad ioac tive ma terial on the back and fee t  
is of some concern t o  the food processor or the husbandman . T o  the 
animals the whole-body exposure is the mos t impor tant effec t .  
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Delayed fallout consists of the long-lived radioisotopes, to a large 
degree radiostrontium, radiocesium, and radiobarium. Their distribution is 
world-wide and relatively dilute. The problems arising from their prolonged 
consumption by animals are most important, with only slight concern for the 
total-body radiation exposure hazard. 

With the exception of the radioiodines, early fallout is characterized 
by relatively large, insoluble particles; hence, retention by herbage is 
slight. Wind or rain readily removes retained particles. 

1. 5 Time and Intensity of Exposure 

The problem of time-intensity relationships in biological responses 
has been considered at some length. It is probable that no serious error 
will be introduced if we accept the working hypothesis that all exposure 
of equal magnitude from external gamma rays received within the first 96 
hours of exposure can be considered as having the same effect. They will 
be called brief* exposures. An inspection of Table I will reveal that the 
most substantial portions of the brief exposures will take place the first 
96 hours after a detonation, particularly if the fallout arrives within 
10 hours. 

Table I 

Time Distribution of Gamma-Ray Dose from Fallout 
Arriving at Various Times (from t-1•2 formula) 

Fallout arrival 
(hrs after burst) 

1 
4 

10 
24 
48 

Based on radiation intensity of 100 r/hr 
standardized to one hour after burst 

Daily dose Accumulated dose 
(r) (r) 

1st 2nd 3rd 4th 4 2 1 

day day day day days wks .ll 

235 34 19 12 300 335 400 

114 34 19 12 180 2 15 380 

51 34 19 12 115 150 195 
0 34 19 12 65 100 145 
0 0 19 12 30 65 125 

Percent of 
14 day dose 
received in 
first 96 hrs 

89 
84 
78 
65 
46 

* The term ''brief" is substituted for "acute" since "acute" is a well
established clinical term. 
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The tab le a l s o  reveals that when fal lout arr ives 24 to 48 hours 
af ter a detona t ion , a protrac ted* total-body exposure by the ambient gamma 
rays of fal l out wi ll be del ivered . These fac ts are of cons iderable impor
tance s ince the respons e of farm animals  to a given total dos e is not 
a lways the same for protrac ted exposures as it is for brief ones . Als o 
there is an interspecies var iation . For examp le , the equine and porc ine 
s pec ies wou ld lose  about  the same number of anima l s  with brief exposures 
in the lethal range; but wi th protrac ted exposures the porc ine s pecies 
wou ld wi ths tand subs tant ia l ly grea ter doses and would cons t i tu te a food 
res ource for much l onger per iods of time . In Table II ( page 9) a c om
parison of these spec ies is made on the bas is of ava i lable data . 

It shou ld be noted tha t in th is report the br ief doses (r) or ab
s orbed doses (rad) are cons idered to have been received wi thin the firs t 
96 hours of exposure . In other words , we have not c ons idered rec overy 
fac tors , nor have we taken into account a ttenuation , weather ing , etc . 
There is  need for getting more da ta on these fac tors , and applying them in 
future ca lculations . 

1 . 6 Dis tribu tion of Fal lou t  ( See also Append ix A) 

The rad iation inj ury to the gas trointes tinal trac t will  be rela ted 
to the amount of rad ioac tive ma terial inges ted . Rad ioac tive elements 
me tabolized by plants through the ir roots will  not be a serious immedia te 
hazard to anima ls or to man utilizing them as a food res ource . The imme
d iate hazard , if  any , w i l l  be re lated to the re tention of surface depos i ts 
of fa llout by the herbage . 

The uptake by plants of s trontium-90 from the soil  generally is not 
more than one per cent of the t otal c ontamination per year , whereas the 
amount col lec ted upon plants from d irec t fal lout may range from les s than 
one per c ent to 40 per cent (Windscale experience) depend ing upon various 
phys ical fac tors . The phys ical fac tors that govern the amount of reten
tion by herbage are the s ize and na ture of the fal lout par ticles , the 
var iety and dens ity of the herbage , and environmenta l c ond itions such as 
wind speed and humid ity . From fie ld meas urements and ana lys es of various 
types of fa l l out , laws governing the dis tribu tion of fal lout  ma terial , 
par ticularly for s i l ica-laden d etonations , have been deduced . Large in
soluble partic les wi l l  be found near the detonat ion and small s o luble 
par t ic les will  increase in proportion as the dis tanc e from the detonat ion 
increases . In general the phys ical and chemica l  charac ter is tics of fall
ou t also  d ic tate the hazard that may result  from inges ting the materia l . 
This hazard , in c ontras t to the external gamma exposure of the anima ls , 
may be impor tant both to the anima l , and ult imately to persons c onsuming 
the flesh or the food der ived from or produced by the exposed animals . The 
Subcommi ttee has cons idered whe ther the rad iation effec ts from external 

* "Protrac ted" is subs titu ted for "chronic" , another we ll-es tabl ished 
c linical term . 
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exposure to gamma rays , external exposure to beta par tic les , gas trointes 
tinal exposure to inges ted mixed radi onuc l ides , and tis sue exposure to  
biologically available rad ionuc l ides are synerg is t ic , additive , or  com
pet i t ive . In our opinion , the effects are not comple te ly add itive in many 
ins tances . These j udgments are not spec ifically noted but are a bas ic 
par t  of the many eva luations tha t were made .  
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2 .  EFFECTS OF EXTERNAL IONIZJlfG RADIATION ON FARM ANlMALS 

2 . 1  Species, Rate, and Qual i ty Differences of Gauma Exposures 

The severity of the symptom complex fol lowing total-body irrad iation 
is re lated to the dose , rate , frac tionation , and qua l i ty of the rad iation 
rece ived . There is a d irec t symp tomatic relationship to the tota l  dos e  
and to the rate o f  adminis trat ion . Animals that have received le thal doses 
at a s low rate , e . g . , less  than 25 r per day , may survive several weeks . 
On the other hand , deaths may occur w i thin a few days from the same total 
dose delivered in a few hours (Table II) . The lethal dose for various 
spec ies of domes tic animals for brief exposures fal ls within a narrow range 
but d i ffers wide ly when exposures are protracted .  

Spec ies 

Burro 
Pig 

Table II 

Comparison of Lethal Doses of Animals from Brief 
and from Protrac ted Exposures 

MID for Brief MID for Protracted 
Exposure Exposure Exposure Ratio 

r/dose average dos e(r) r/day protrac ted/brief 

785 1500 5 0  2 
6 10 8540 50  14 

Gamma rays will be the pr incipal cause of the total-body irrad iation 
syndrome . Beta rad iati on fol lowing nuc lear detonations has an average 
penetration of less than the skin thickness of mos t domes tic  animals . 
Thus , injury from beta par tic les would f or the mos t part be superfic ial . 
Beta-rad iation effec ts are d is cussed in Sec tions 5 . 1  and 5 . 2 .  

It is the general c ons ensus that  animals c lose enough to a detona tion 
to  be exposed to a neutron flux capable of produc ing s erious b iological 
damage wi l l  in general have suffic ient external inj ury from thermal or 
b las t ef fec ts of c onventional nuc lear weapons to make the total-body 
irradia tion syndrome comparat ively unimpor tant; i . e . , the e ffec t upon the 
animal from heat and blas t will be far greater than the inj ury from ioniz
ing radiation .  
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2 . 2 Effec ts on Cattle 

The c l inica l response of cattle is s imi lar to that of other large 
animal spec ies . However , there are breed and ind iv idual  d i fferences . 
These ind ividual d i fferences in response seem greater than the d iffer 
ences be tween s pec ies . 

In a s tudy of cat tle the LD60j30 was calculated to be 540 r ,  with 95 
per c ent c onfidence interval of 520-570 r .  The mean surviva l ttme of the 
decedents was about 20 days for expos ures in the range of 450-700 r .  
Exposures were at the rate of 55 r per hour . 

During the f irst three days af ter irradiation , the anima ls were appre
hens ive and eas i ly exc ited when hand led . In many there were general ized 
trembling and musc le tremors . The general behavior and appearance of the 
anima ls were normal for the next seven to ten days . There were occas ional 
bl ood-t inged s tools , heavy muc ous around the anus , and the beginning of  
d iarrhea . 

At the end of the s econd week and dur ing the th ird week , a number of  
changes were read ily apparent . The mos t common were : knuckl ing of  fetlock 
j oints of the hind legs , fever , general ized weaknes s  (mos t pronounced in 
hind par ts ) , depres s ion ,  decreas e or los s of appe t ite , shor tness  of brea th, 
and d iarrhea . Near the animal ' s  death , severe hemorrhage in the large 
intest ines was ind icated by defecation of large amounts of blood . 

Other changes or cond itions less frequently obs erved were : swell ing of 
leg (s ) , "mi lk fever " attitude , and " traumatic gas tri tis " attitude . Al ter
nating deep to very light resp irat i ons (Cheyne-S tokes) frequently prec eded 
death . 

At the end of the irrad iation period , the rec ta l  temperatures of the 
irrad iated anima ls were genera lly one to three degrees F above normal .  
(The normal temperature of the bovine s pec ies i s  about 101 . 5°F . )  Wi thin 
24 hours , a l l  temperatures had re turned to normal and remained s o  unti l  
approximate ly the 14th day following irrad iati on . Temperatures of 
lOBP-lloPF were rec orded in s evera l of the animals that d ied . The average 
surviva l time of the decedents was f ive days after the ons e t  of fever . 
MOs t of the animals destined to die had an e levated tempera ture beginning 
at about the 15th day , and those tha t l ived had a modes t rise ( lOJDF) near 
the end of the third week . 

Food cons ump tion was not greatly affected during the f irs t 15 days 
after irrad iati on . Depressed appetite was generally ass oc ia ted wi th ons e t  
of fever . Los s of appe tite was evident in mos t of the animals one t o  two 
days before death ; however , s ome of the animals s t i l l  had an appe tite unt i l  
a few hours before death . The we ight los s  dur ing the f irs t 30 days , in
c lud ing both the survivors and non- surv ivors , was les s than 10 per cent . 
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Appet i tes were back to norma l in survivors after the 40th day and the 
weigh t  los s  was s oon recovered . 

An abnorma l thirs t was evident during the third week , par ticularly in 
those animals mos t s everely affec ted . 

The firs t indication of damage to the intes tinal mucosa was a thick 
mucous d is charge from the anus which was genera l ly accompanied by b lood
t inged s tools . This was observed during the latter par t of the firs t week 
foll owing irrad ia t ion . 

A mi ld d iarrhea was usua l ly noted among a l l  exposed animals eight to 
ten days after exposure and was general ly pronounced in twe lve to s ix teen 
days . In those animals that had a s evere d iarrhea , large quantities of 
dark to br ight red blood pas sed i n  the s tool . Pronounced involuntary 
s training to defecate or urinate was noted in s evera l animals , usua l ly dur
ing the terminal per iod of one to two days before death . 

Respiratory distress was a c ommon condition even in the survivors . In 
the highes t-dose group ( 700 r) , i t  was firs t observed at the end of the 
s econd week . The onse t  of the condition was charac terized by rap id , 
s ha l low respirations , occas ionally wi th a raspy s ound , and was acc ompanied 
by thick , s tringy , clear or l ight yel low , nasal d ischarge . The condition 
progres sed very rap id ly in s ome  animals to  forced respirations , with s ounds 
aud ible s everal yards away , and coughing . The nasal discharge frequently 
became red from the hemorrhage occurring in the membranes of frontal and 
maxillary sinuses . 

Respiratory d is tress was general ly attributed to edema of the larynx 
and lungs . In one animal , edema of the larynx complete ly obs truc ted the 
air pas sage . 

At necropsy , multiple dissemina ted hemorrhages were obs erved in  all 
irrad iated anima ls , and were seen most prominently and frequently in the 
heart , intes tinal trac t ,  s p lenic capsule , lungs , and gal l  bladder . Other 
frequent and s evere les ions were frank , mas s ive hemorrhage into the smal l  
and large intes tinal lumina , pulmonary edema , and ulcers in the mucosae of 
the pharynx and gas trointes tinal trac t .  

The mos t pronounced microsc opic les i ons were hemorrhage , a trophy of 
lymphoid tis sue and bone marrow , super f ic ial  muc osal  ulcerations in the 
gas trointes tinal and pharyngea l regions . Bacter ial colonies were num
erous around the u lc erated areas as we ll  as within many of the paren
chymatous organs . 

2.3 Effec ts on Burros 

The devel opment of the to tal-body irrad iation s yndrome in burros 

1 1  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

D a m a g e  t o  L i v e s t o c k  F r o m  R a d i o a c t i v e  F a l l o u t  i n  E v e n t  o f  N u c l e a r  W a r ;  a  R e p o r t
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 4 8 6

http://www.nap.edu/catalog.php?record_id=18486


rec e iving brief and protrac ted gamma radiation and br ief gamma ray/ neutron 
exposure can s erve as another example . It has been s tudied in great 
de tai l .  

For about two days after a s ing le large dos e  ( 375-800 r) of ionizing 
rad iation ,  or c oncurrent with rece iv ing repeated (25-400 r /day) or contin
uous dos ing (approxtmate ly 5 0  r /hr) , the animals appeared in moderately 
good health . They then became apathetic for up to f ive days . A few 
animals d ied at this time . Food and wa ter consumption was be low normal. 
During the period of apathy , irr i tab i l i ty and hyperes thes ia s ometimes in
creas ed . For the next five to seven days , animals s eemingly recovered , 
s ome  even showing euphoria , but this was followed by a period of apathy 
and inappe tence  accompanied by severe we ight los s . Much t ime was spent at 
or near water al though the actual consumpti on of water was not increased . 
About 14 days after exposure , edema , ulcera tion , and bleeding from small 
wounds on the skin and mucous surfaces were noted . Shortly thereafter , a 
s ec ond wave of deaths occurred . A s evere edema involving the respiratory 
apparatus deve loped . Death of ten fol lowed a respira tory embarras sment and 
a neutropenic pneumonia . 

No hair loss ( epilation) was seen in animals exposed to h igh-energy 
gamma rays . This is in c ontras t to law energy gamma rays and exposures 
to bomb gamma-ray /neutron flux , which produce extens ive epi lation .  S\il)pu
ra tive wounds were not seen . D iarrhea was no t a c ons tant find ing . Blood
t inged feces were occas iona lly s een . Animals s urviving for 30  days had a 
good chance of ultimate recovery . However , among these s urvivors were 
s ame that d ied three or four years after the exposure showing a hemorrhagic 
syndrome resembling the ini tial rad iat ion effec t .  

Neuromuscu lar s igns such as twitching of the face mus c les and s pas 
mod ic retrac tion of the l ips were occas ionally seen within 48 hours after 
exposure . Spasmodic flexion of the j oints , rhythmic upward j erking of the 
head , and a rapid f ly-switching of the tai l  ( in the abs ence of flies) were 
also  s een . Several days later s ome animals developed encepha l i t is - like 
symptoms , such as a forward-press ing behavior during whi ch the animal 
pressed i ts head agains t a fence or manger for cons iderable periods of 
t ime . 

Ear ly eye les i ons  were c onj unc t ivitis , kerat i tis , c orneal ulcers , 
nebulae , leuc oma , and corneal vascular ization , which are not to be con
fused w i th delayed lenticular opac i t ies  following x- or gamma-radiation . 
The eyes of anima ls wi th conj unc t ivitis wep t  cop ious ly and the conjunc tiva 
became edamatous ( this was als o marked in swine) , and ec tropion occurred . 

Changes in blood were always dramatic . The number of lymphocytes fell 
prec ipitous ly immediately fol lowing exposure , and within a few days they 
were abs ent from the b lood .  The number of ery throcy tes fe ll more s lowly . 

12 

Copyright © National Academy of Sciences. All rights reserved.

Damage to Livestock From Radioactive Fallout in Event of Nuclear War; a Report
http://www.nap.edu/catalog.php?record_id=18486

http://www.nap.edu/catalog.php?record_id=18486


A gradual lengthening of the c lotting time was rela ted to the disappearance 
o f  plate lets from the c ircula ting blood . 

Among burros exposed to the neutron/gamma-ray flux of a conventional 
nuclear device , a subs tantial n�er d ied wi thin a few hours a f ter expos 
ure manifes t ing marked central nervqus sys tem dis turbances . His tological 
examination of the brains revealed changes not unlike the ac tinic-ray-ini
tiated herpes les ions in the brain of man . Als o within a few days , the 
s urviving animals deve loped large mas ses of papi l lomas , presumed to be 
v iral , about the mouth and face . This sugges ts that the c ontrol ling i111DUne 
mechanism is dis turbed or pos s ibly a virus is ac t iva ted by the radiation 
exposure . 

2 . 4 Effec ts on Goats 

A s tudy of goats exposed to lethal levels of radia tion (exposures 
las ting over a few seconds) from nuc lear detona tions showed tha t thos e ex
pos ed to the highes t doses were qui te ac t ive for the f irs t two or three 
days; some showed increased irr itability of hyperes thes ia followed by a 
per iodic d iarrhea , loss of appetite , and apa thy . These symptoms pers is ted 
until death , wh ich usually occurred three to f ive days af ter the exp los ion . 
Goats receiving less exposure were s lower in develop ing symptoms ( three to 
seven days ) . These inc luded d iarrhea , s erous rhini t is , petechiae , 
epi lation , and , to a variable degree , much of the syndrome exhib ited by 
those more severe ly expos ed . Symptoms cont inued for 9-15 days , unt i l  all  
animals died . The length of  the pos t-exposure , latent , symptom-free per iod 
varied with the intens i ty of the dos e  of total-body irrad iation , as d id the 
severity of the symp toms .  Survival time was increas ed a s  the exposure was 
reduced . Prognos tic s igns were c learly defined. A rapid decreas e of 
leukocytes to 2 , 000 cells  per mi l l i l i ter of b lood in the f irs t 48 hours was 
usually followed by death before the s ix th day . An unfavorab le prognos t ic 
sign was th� appearance of diarrhea on the s ec ond or th ird day . Death 
ord inarily did not occur unles s epilation had taken place ; however , 
epilation might oc cur with less than a lethal dos e . 

2 . 5  Effects on Swine 

The LD&otso for swine expos ed to c obalt-60 gamma rad iation at a dos e  
rate o f  5 0  r per hour has been repor ted t o  be 6 18 r ,  with 95 per cent con
f idence intervals of 525-682 r .  Another repor t  g ives an LD&o/so dose of 
486 rads (478-496 rads) for swine exposed to gamma /neutron rad ia tion . There 
are other reports on the le thal response of swine exposed to ioniz ing radia
tion , but the above values appear to be representative . 

The c linical syndrome is s imi lar at  comparab le dos e  levels in all  
reports . Swine expos ed-to doses above 1700 rads of gamma /neutron radiation 
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exhibi ted dis turbance of c ons c iousnes s ,  hyperes thes ia , inappetence , vomi t
ing , d iarrhea , and extreme thirs t wi thin 48 hours after irrad ia tion . This 
was fol l owed by a s tate of le thargy and a rise in rec ta l temperature . Death 
occurred within f ive days . Many of the anima ls d ied quie t ly whi le others 
had repeated convuls ions for s evera l hours pr ior to death . 

Swine exposed to doses  of 900 to 1500 rads exhib ited a syndrome s imi 
lar t o  that described f or the higher dos es but les s severe . The hemorrhag ic 
syndrome began a t  s even days in this group . 

The c l inical syndrome as s oc ia ted wi th exposures in the LD60t30 range 
was charac terized by hemorrhage . During the f irs t three to four days after 
exposure there was a trans ient decreas e in appet i te , vomiting and d iarrhea , 
and hyperes thes ia in s ome anima ls , whi ch was fol lowed by a s hor t  per iod of 
apparent norma l health . At about 10 days fol lowing irrad ia tion , the firs t 
s igns of the hemorrhagic syndrome appeared (bleed ing from mouth , nos e , and 
anus , and hemorrhagic feces ) . Prolonged b leed ing from wounds and cutaneous 
hemorrhage usually occurred near the terminal period .  During the latter 
par t of the sec ond week many anima ls had a rise in rec tal temperature , 
edema in the appendages , lamenes s and s ti f f  gai t ,  a taxia , dyspnea , and pro
nounced weakness  in the pos ter ior par ts . Los s of weight was pronounced in 
aLmos t a l l  the animals dur ing the second week af ter exposure . Light-colored 
or whi te animals exhibi ted areas of red to purple d is c oloration of the skin, 
which is frequently c las s i f ied as hyperemia and purpura . This c ond i tion 
occurred near the terminal period . 

Blood changes were s imilar to that repor ted for other large animal 
spec ies . 

The mean survival t ime for animals in the LD60/30 dos e  range was 
approximately 15 days . 

Gross lesions mos t frequently observed were dis s eminated hemorrhage , 
pneumonia , pleur itis and ulc erative gas troenteritis . 

Swi ne exposed to frac tionated doses ( 100 r per day) of cobalt-60 gamma 
rad iation exhibi ted a syndrome s imilar to that descr ibed for swine exposed 
to s ingle dos es in the LD50/so range; however , there was a de lay of 
several days in the ons e t . 

2 . 6 Effec ts on Poultry 

There are few exper imenta l  data on effec ts of external gamma-radiat ion 
exposure of poultry other than chickens . Simi larly , there is very little 
informa tion on the p os s ib le dele terious e ffect of consumed fis s ion prod
uc ts upon pou l try . Consequently , many broad extrapolations mus t be made 
to es tablish es t ima tes of s uch rad iati on damage in poultry . Until addi-
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t ional information is developed , i t  wi l l  be presumed that the responses of 
turkeys , ducks , and other domes tic fowl will  be s imi lar to those of 
chickens . 

A descrip tion of the syndrome in ma ture ch ickens that rece ived 2 00 to 
1600 r of cobalt-60  total-body gamma rad iation is helpful  in rec ognizing 
the var ious res ponses in poul try . 

Deaths beg in to occur at about the e ighth day and c ontinue unt i l  the 
35 th day af ter exposure . The higher doses initiate the syndrome ear lier 
than do the lower ones . Initia l ly there is a s haking of the head but no 
evidence of the pseudo- euphor ia not iced in mammals . Depres s ion deve lops 
within a few days and the birds tend to crouch in a s leeping pos ition for 
hours a t  a time . At this time they extend the ir necks f orward and d own
ward over the feed and water troughs , rarely moving for long periods of 
t ime .  

Combs and wa ttles develop a pendu lous edema . Difficu l ty in brea thing 
and a s erous dis charge are prominent . The droppings are green at  this 
tUne . Death foll ows shor t ly .  

In birds that survive for longer per iods there is often a l os s  of 
feathers. Egg produc tion is not s ignif icantly affec ted un til  rad iat ion 
exposure levels reach 5 00-600 r .  It is reduced to minimal leve ls dur ing 
the sec ond and third weeks fol lowing br ief rad iat ion exposure , and near
normal egg produc tion returns by about the ninth week in those tha t sur
vive , with rate of recovery apparent ly d irec t ly related to rad iat ion ex
posure level . At 100-2 00 r there is no drop in egg produc tion . 

To our knowledge , chickens are the mos t radiores is tant of the domes
tica ted animals that have been s tud ied . Some s tud ies ind ica te that males 
are cons iderably more radio- s ens itive than females. It is general ly 
b e l ieved that the number of chickens surviving more than 30 days following 
a brief exposure to rad iation will  be approxima tely the number expec ted to 
survive for 180 days or longer . 

2.7 S•mm•ry of Rad iation Effec ts on Food-Produc ing Mammals and Pou ltry 

The experimental irrad iati on of various s pec ies of animals has g iven 
informat ion on the amount , energy , and rate of external rad iation result
ing in s icknes s and death . 

Table III shows how the le thal dos e  var ies with different energies and 
rates for the d ifferent spec ies tes ted . 

15 

Copyright © National Academy of Sciences. All r ights reserved.

Damage to Livestock From Radioactive Fallout in Event of Nuclear War; a Report
http://www.nap.edu/catalog.php?record_id=18486

http://www.nap.edu/catalog.php?record_id=18486


.... 
0\ 

Table III 

Lethal Res pons e of Mammals and Pou ltry to Brief Exposures to Nuclear Radiations 

Species 

Burro 
Burro 
Burro 
Swine 
Sheep 
Cattle 
Swine 
Swine 
Burro 
Poultry 

Males 
Females 
Chicks 

Source 
--

ccPo 

Ta1e:a 

zras_Nbas 
coso 

zras -Nbas 
coso 

X-ray 
X-ray 
neutron/gaxm:na 

coso 

coso 

X-ray 

Mean Energies (Mev) 

1 . 2 5  
1 . 2 0 - 0 . 18 
0 .  74 
1 . 25 
0 . 74 
1 . 25 
1 . 0  
2 . 0  
various 

1 . 25 
1 . 25 
0,250 (peak) 

LDso/ao ( 95% c . I . ) Rate (r /hr) 

784 ( 753- 847) 50 
651 (62 1-683) 18-23  
5 85 (530-62 7) 19- 2 0  
6 18 (525-682) 50 
524 2 0  
540 (520- 5 70) 25 
555 (418- 6 7 1) 180 
388 (323-441) 90 
402 (rep) 

600 ( est) 50 
1000 (est) 50 

900 ( est) very short 
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Table IV presents es timates of how mammalian food animals would res pond 
over a period of t ime  to three dos e  levels .  Thes e  are general ized es timates 
based on tes ts made wi th s everal s pec ies . 

Table IV 

Es timated Fate of 100 Ma ture* Food Mammals 
Exposed to Brief Total-Body Radiation 

(Exposure time • 4 days or less . Energy � 250 KVP) 

Days or years 
following 
exeosure !U ,!g D3 !!1 D l4 m D30 D90 Dl80 .!....n:.. 5 n:s . 

Dos e  • 350 r (LDo f30) 
Dead 0 0 0 0 0 0 0 0 0 0 1 
Living 100 100 100 1 00 100 100 100 1 00 100 100 99 
A .M. rej ec t** 0 0 0 0 0 2 2 0 0 0 1 
P .M.rej ec t** 0 0 0 0 0 1 0 0 0 0 0 
Salvageable 100 1 00 100 100 100 9 7  9 8  100 100 100 99 

Dose • 550 r <LDso /30) 
Dead 0 0 0 0 2 0  48 50  5 1  5 2  5 2  55 
Living 100 100 100 100 80 52 50  49 48 48 45 
A.M. rej ec t 0 0 2 2 75 50 25 0 0 0 0 
P .M.rej ec t 0 2 0 4 5 2 25  2 0 0 0 
Salvageable 100 9 8  98  94 0 0 0 47 48 48 45 

Dose = 750 r (LDl00/30) 
Dead 0 0 0 0 65 90 100 
Living 100 100 100 100 35 10 0 
A.M.  rej ec t  0 2 10 30 35 10 0 
P .M.rej ec t 0 0 5 15 0 0 0 
Sa lvageable 100 98 85 55  0 0 0 

* It is likely that young animals and old animals wi l l  respond more s everely 
to an exposure ; therefore lowering the estima te by 100 roentgens will give 
a better value for them . 

** A .M. • antemortem inspec tion ; P.M. = postmor tem inspec tion. Criteria for 
A .M. rej ec t :  e levated temperature ,  increased rate of res piration , le thargy. 
For P.M. rej ec t :  les ions of internal organs ev idenc ing pos s ible bac ter ial 
disease . 
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Tab le V is a guide f or as sess ing the probable res ponse of pou l try to 
external gamma radiation . 

Total  dos e  
in roentgens 

300 
400 
500 
600 
700 
800 
900 

1000 
l lOO 
12 00 

Table  V 

Es timated Morbidi ty and Morta l i ty in Pou l try 
in Per Cent of Pre-Attack Total 

(Based on total-body gamma-radiation exposure 
for periods up to 48 hours ) 

By 14 days 

Wel l  S ick* Dead We l l  
_L_ ____!_ _z._ _z._ 

90 10 0 100 
65 30 5 95 
50 40 10 90 
30 50 2 0  75 
15 55 30 65 

5 45 50  40 
0 30 70 10 
0 2 0  80 0 
0 10 90 0 
0 0 100 0 

By 30 days 

S ick* Dead 
____!_ ......z.... 

0 0 
0 5 
0 10  
5 2 0  
5 30 

10 50 
20 70 
15 85 

5 95 
0 100 

* Elevated temperature , increas ed rate of res p iration , los s  of appetite , 
or lethargy. 
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3 .  EFFECTS FROM INGESTION OF FIS SION PRODUCTS 

3 . 1  Biological Effec ts on Food-Produc ing Animals 

The effec ts of the inges tion of fis s i on produc ts on food- produc ing 
animals are varied and are in large part de termi ned by the degree of their 
abs orption and d is tr ibution , and /or local ization wi thin the body . When the 
amount of consumed fis s ion produc ts is great enough and the re tention l ong 
enough , nuc lides which are wide ly d is tr ibuted throughou t the body can pro
duce an inj ury or syndrome res emb ling that which fol lows total-body irrad ia
t i on .  Rad ioces ium is a nuc l ide that is fair ly uniformly d is tr ibuted. Rad io
s tront ium , on the other hand , is an is otope tha t is loca l ized and is c on
centra ted ch iefly in the bone crys tal . If injur ious leve ls of rad io
s trontium are inges ted , the damage wi l l  be res tric ted chiefly to the bones 
a t  the ep iphyseal p late , benea th the per ios teum , and in the bone marrow . 
The effec t upon the hematopoie tic centers appears in a re la tive ly shor t  
time but that a t  the ep iphys eal p late and benea th the per ios teum i s  usua l ly 
d e layed for many years and wi l l  be manifes ted , i f  ever , almos t entire ly as 
l ong-de layed os teogenic sarc oma , thrombocy topenia , and ap las tic anemia . 
Thes e effec ts , however , are not l ike ly to  be enc ountered in anima ls in
tended for meat purposes , but may occas ional ly be seen in anima ls main
tained for breed ing s tock for a subs tantia l per iod of time or in dairy c ows 
maintained to old age. Rad ioiod ine , too , is loca l ized and is c oncentrated 
pr inc ipa l ly in the thyroid g land . 

In this chapter the three impor tant fiss ion produc ts , iodine- 131 , 
s trontium- 9 0 , and ces ium- 137 , will  be discus s ed and s ome es tima te made of 
the lethal and s er ious ly damaging dos es of each. 

3 . 2  Rad ioac tive Iod ine, S trontium, and Cesium 

In d iscuss ing the ef fec ts of these three impor tant is otopes , the 
s i tuat ions to be evaluated are : a) the amount of rad ioac tive iod ine , 
s tron tium , and ces ium tha t wi l l  produce dea th or s er ious injury in anima ls , 
and b) the amount of thes e rad ionuc l ides tha t wi l l  reach man through c on
s umption of meat and mi lk from c ontaminated anima ls . The hazard- evaluation 
data are in many cases bes t es timates . Where values are avai lab le for the 
adul ts of one s pec ies , they are  in some ins tanc es app l ied to adu lts of 
another s pec ies on the bas is of body weigh t or quant i ty of feed consumed . 
I t  i s  unl ike ly tha t s erious error wi l l  res ul t  from this extrapola t ion . 

The external radiation dos e  will  be the princ ipa l c ons ideration in 
ear ly fal lout , wi th an ins ignificant c ontr ibution c oming from inges ted 
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or inha led rad i onuc l ides . Probab ly less than five per cent added whole
body dose wi l l  be c ontr ibuted by me tabol ized f is s i on produc ts . ( See 
Append ix C. ) 

Me tabol ized f is s ion-pr oduced rad ionuc lides wi l l  probably become the 
chief husbandry concern if animals rece ive protrac ted exposures from con
taminated pas ture or water . An ind irec t hazard to man may result  from the 
us e of meat and mi lk from animals graz ing on c on taminated pas ture . Animals 
will serve , however , as a hazard-reduc ing s tep in the food chain of man , 
s ince an anima l ' s  f i ltering or entrapping capac ity will  prevent much of the 
contamination from reaching i ts edible tis sues or food produc ts . 

3 . 3  Metabolic and Toxic i ty Information on Iodine- 13 1 

Thyroid uptake of radioiodine following a s ingle oral  adminis tration 
in sheep , swine , and cattle is dependent on age and s tab le iodine intake . 
In the adult  on an adequate d ie tary iodine intake , a 2 0-40 per c ent uptake 
by the thyroid is often s een with a peak concentration at  one to two days . 
Young lambs ( thyroid we ight one to three grams ) may show an average uptake 
of ten per c ent  of the adminis tered dose per gram of thyroid . Preliminary 
work on sheep ind icates that less than ten per c ent of an inha led dos e  of 
iodine- 131 as a vapor or part iculate appears in the thyroid and 2 0-60  per 
c ent  of the body-burden is in the thyroid . 

A thyroid dos e  of s evera l thousand rads s eems nec es sary before any 
thyroid damage can be obs erved. A dose of 5 0 , 000 to 100 , 000 rads to the 
thyroid is requ ired for ab lat ion. A s ingle oral dose of 3 me of iodine - 13 1  
(-30 , 000 to 40 , 000 rads to the thyroid) ma y  not c omplete ly des troy the 
thyroid of young adul t  sheep , and they may cont inue to reproduce normal ly 
f or s everal years . A s ing le oral dos e  of grea ter than 300 me of iod ine- 131 
is probab ly requ ired to cause s ub-acute deaths in young adul t sheep . Sheep 
have survived several hundred days when fed 1 . 8  me per day ( thyroid d os e  > 
150 , 000 rads during the firs t month) . Animals fed 240�c /day of i od ine- 131  
for 450 days ( thyroid dos e  5 0 , 000 rads or  more dur ing f irs t four months) 
c once ived and bore offspring though their offspr ing did not survive longer 
than five days . Young anima ls whose thyroids have been des troyed by 
i od ine - 13 1  may survive but wi l l  fail to grow. Adult sheep may appear 
fairly normal under the same c ircums tances . Eventual ly ,  however , le thargy , 
c ons t ipation , flatulence , and dry skin and wool develop. Such animals are 
sui table for food if c onditions dic ta te such a us e .  

If an animal is g iven a s ing le dose  of iodine- 131 s o  that the result
ing maximum concentra tion in its thyroid is l�c per gram of  tissue , then 
the total dose to th is organ is about 100 rads . After a s ingle c ontamina
tion event , graz ing sheep maintained on the c ontamina ted pas ture wi ll  show 
a peak c oncentrat ion in 8- 12 days . If the ini tial c oncentration is 1 �c of 
iodine- 131 per gram of dry vegetation eaten ( or  0. 2 �c per gram on 
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s ucculent pas ture) , the infini ty thyroid dose wi l l  exceed 100 , 000 rads . 
Antmals graz ing pas turage with this c ontamination level  for 30 days wi l l  
s h ow  s ome  evidence o f  the total-body irradiation syndrome , and probab ly wil l  
have ablated thyroids . ( See Appendices C and D for fur ther data . )  

In applying the data der ived from sheep to swine and catt le , the 
results wi ll  be qua litatively s imi lar if cons idera tion is given to d i ffer
e nces in body weight and food in take . The shor t  ha lf- l i fe of mos t radio
i od ines produced in high y ie lds in fiss ion guarantees tha t they will  
e s s entially have d isappeared af ter a few months . Iod ine- 12 9 is  c ons idered 
c omparatively ins ignificant as a b iolog ical hazard becaus e of i ts very long 
half- l ife . 

The concentration of iod ine- 131 in the fetal thyroid in advanced 
ges tation may be one to two times that of the adu lt  thyroid in s ows , two to 
three times in ewes , and up to s ix times in cows . If a thyroid-ablative 
d os e  is rec e ived by the fetus in the latter ha l f  of ges ta tion , the animal 
will not survive beyond the firs t week of life unless therapy is initiated . 

The re lat ive c oncentration of iodine- 131 at equilibr ium in the var ious 
body tis sues of ruminants can be s tated in re lat ion to the c oncentration of 
i od ine- 131 in the blood. Thus , if the blood has a concentration of 1 ��c /g , 
o ther tissues wil l  have the following : * 

MUsc le ,  s pleen thymus , pancreas 
Kidney , l iver , avary 
Sa l ivary glands , urine 
Feces . mi lk 
Thyroid 

1 
2 - 3  
3 - 5  
5- 15 
10 , 000 

��c /g 
II 

II 

II 

II 

A c ow  may s ecre te in i ts mi lk each day about one per c ent of the daily 
i od ine- 131 dos e  per l i ter of mi lk . As noted above , the iodine- 13 1 c on
centrat ion in the feces is also  qui te high . Monogas tr ic anima ls , unl ike 
ruminants , excre te much more iodine- 13 1 by way of the urine than by way of 
the feces . 

The c ontribution of the shor t- l ived is otopes of iod ine ( 113 2 , 1133 , 
Il 3 4 , Il 3 6 , Il3 6) to the dose  received by pers ons us ing the meat and mi lk 
of expos ed graz ing anima ls in the shor t- term emergency s i tuation is con
s idered relative ly smal l , espec ia lly s ince a delay of a day or more between 
udlking and c onsumption of mi lk is usua l . Iod ine- 132 and iod ine- 133 may be 
exceptions , but the hazard from these is otopes is undefined . See Append ix 
D for calculations of  pos s ible iodine- 131  dos es to the thyroids of thos e 
drinking milk from cows grazing c ontaminated pas ture. 

* These values are bas ed on sheep; thyroid and milk c oncentrations will  be 
s omewhat l ower in the cow . 
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The whole-body rad iation dos e  for a l l  animals from rad ioiod ine in s of t  
tissues other than thyroid i s  about 2 0-30 mrad /day/�c /kg o f  body we ight . 

3 . 4 Me tabol ic and Toxic i ty Information on S tront ium- 90 

The con tr ibution of s tront ium- 89 can be c ons idered as s imply add i tive 
to that of s trontium- 90 and will  be of grea tes t concern in the firs t few 
months . About 5 - 15 per cent of the amount of s tront ium- 90 adminis tered i n  
a s ingle , ora l dos e  is abs orbed and depos i ted in the skeleton of adu l t  
anima ls , whi le up t o  30 per c ent ma y  b e  depos i ted i n  the ske leton o f  a 
young anima l . About one to two per cent wi ll  be s ecre ted in the mi lk . With 
prolonged adminis tration of s trontium- 90 ,  s oft- tissue concentra tions of 
s trontium- 90 are les s than 0 . 1  per cent of those in bone . For a brief 
exposure , a le thal dose of  s trontium-90 , adminis tered intravenous ly , is 
probably in the range of 0 . 2  to 1 me /kg of body weight for mos t animals . 
It is repor ted to be 1 . 3  me /kg in goa ts and for swine it is 0 . 2 - 0 . 3  me/kg .  
The whole- body dos e  from c ircu la ting and depos i ted s trontium- 90 ,  and i ts 
daughter , yttr ium- 90 ,  in soft  tissues is about 6 0  mrads /day /�c /kg of soft 
tissue . At the leve l of 1 �c /g of grazed dry vegetation (approximate ly two 
kg /day) mainta ined for 30 days , definite evidence of the irrad iati on syn
drome wi l l  appear . In swine a dai ly intake of 5 0  �c /kg of body weight for 
about two months wi l l  resu l t  in a manifes ta tion of the total-body irradia
tion syndrome . 

If s trontium- 9 0  is g iven to a pregnant animal in doses large enough 
t o  s erious ly inj ure or to kill  the fe tuses , the dam wi l l  als o be s er ious ly 
inj ured or ki lled . 

Manifes tations _of  acu te radiation toxic i ty may inc lude fever , lethargy , 
we ight loss , widespread hemorrhages , oral and cutaneous u lcers , and anemia . 
The respons e to high doses of s trontium- 90 is s omewhat s imi lar to that 
obs erved foll owing externa l  total-body gamma-ray exposure . 

3 . 5  Metabol ic and Toxic i ty Informa tion on Ces ium- 137  

Up to 100 per cent of inges ted ces ium may be abs orbed from the gas tro
intes tinal trac t of ruminants . About 50 per cent of that abs orbed wi l l  be 
excreted wi thin the f irs t week . A cow excre tes about 75 per cent of an 
adminis tered amount of ces ium in 30 days . The portion of a s ingle abs orbed 
amount remaining after four days has an approximate biological half- l i fe of 
20 days . Fol lowing the s ing le , oral adminis tration of ces ium , a total of 
about nine per cent is s ecreted in the mi lk the f irs t week and about 12 
per c ent dur ing the f irs t month . With prolonged c ont inuous adminis tration , 
about two per cent of the dai ly inges t ion appears in each liter of mi lk.  
The muscle  mass wil l c ontain about 25-30  per cent of a s ingle inges tion 
after one week and about 10 per cent after one month . With prolonged 
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adminis tration , about f ive per cent of the dai ly inges ted d os e  wi l l  be c on
tained in each kilogram of a ruminant ' s  musc le tissue . For swine , the 
percentage will  be 2 0- 30 .  

On the bas is of rad iat ion d ose  measurements , the gonads and the whole 
b ody are equa l ly important as the "cri tical organ" in animals receiving 
ces ium- 137 daily . It is es timated that sheep carrying a body-burden of 
70 me of ces ium- 137 , or cattle carrying a body-burden of over 500 me , over 

a period of a month wi l l  deve lop manifes tat ions of the total-body rad iation 
syndrome . The mani fes tat ions of injury fol lowi ng ces ium adminis tration 
wil l  res emble the whole-body rad iat ion syndrome fol lowing exposure to an 
external  gamma s ource . The whole-body rad ia tion d os e  from consumed rad io
ces ium is about 25 -40 mrads /day/�c /kg of body weight in a large anima l . An 
animal c onsuming 1 � /g of vege tat ion for 30 days wi l l  eventual ly shaw 
evidence of inj ury to the hematopo ietic sys tem . 

3 . 6  Combined Effec ts 

The c ombined acute effec ts of rad ioac tive iod ine , ces ium and s trontium 
have been assumed to be add itive in e s t ima ting whole-body d os e . Whole-body 
dose is bas ed upon the c oncentrat ion in the b lood for rad ioiod ine , in the 
b lood or bone marrow for rad ios trontium ,  and in the musc le for rad ioces ium . 
The whole-body d oses  for ind ividual radionuc l ides for the f irs t week after 
a s ing le inges t ion by sheep are given in Table VI . 

Tab le VI 

Whole-Body Dose to Adul t Sheep During Firs t Week After 
a Single Inges tion of Il3 1 , Sr90 , and Cs137 

Rad ionuc l ide 

Csl37 

Dos e (rads /mc inges ted /kg body wt) 

40 
10 (400 for bone ; 

100 

2 00 for bone marrow at 
s urface) 

The le thal oral dose and the ora l d os e  resul ting in s erious inj ury are 
shown in Table VII . It has been as sumed tha t the effec ts of these rad io
nuc lides wi l l  be add itive . 
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Tab le VII 

Oral  Dos e to Adul t Sheep of I13 1 , Sr90 , and Csl37 
Caus ing Ser ious Inj ury or Dea th 

Rad ionuc l ide 
Ora l  Dose (me /kg body wt) 

Le tha l (LD5 0 130 ) Caus ing Serious Inj ury 

15 
10  

5 

0 . 2  
1 
0 . 5  

The oral  dos e  t o  the dam which wou ld c ause s erious inj ury to the fe tus 
is shown in Table VIII . It is  assumed tha t the effec ts of these rad io
nuc lides wi ll  be add i t ive . 

Table VIII 

Ora l Dos e to Adu l t  Sheep of I1 3 1 , Sr90 , and Csl 37 
Res u l ting in Fetal Inj ury or Dea th 

(LDs o lbefore ges tat ion) 

Rad i onuc l ide 
Oral  Dos e  (me /kg body wt) 

Dai ly Adminis tration S ingle Adminis trat ion 

0 . 002 
0 . 015 
0 . 02 0  

0 . 1* 
1 . 0  
0 . 2  

* If adminis tered in la tter s tages of pregnancy . 
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4 .  INTERNAL EXPOSURE TO GA!tiA AND BETA RAYS 

For a l l  prac tica l purposes , only two means of entrance into the anima l ' s  
body need be c ons idered . They are ( 1) inhalation and (2) inges tion .  

4 . 1  Inhalation Hazard 

Sheep and dogs exposed to fal lou t  from surface and underground de to
na tions , where the anima ls rece ived external gamma- radiation exposures 
s everal t imes the letha l dos e , showed minute and ins ignificant amounts of 
f is s ion produc ts interna l ly .  Very sma ll  quantities were observed to be re
ta ined in the lungs or other interna l organs . A s imi lar pattern was ob
s erved in the Marsha l l  Is land anima ls fol lowing moderate gamma-ray exposure . 
Measurements on ind igenous animals a t  the Nevada Tes t S i te indicate that 
inha lation does not contr ibute an important por tion of the uptake of 
rad ionuc l ides . 

Labora tory exper iments in wh ich mice inhaled s imulated radioac t ive 
salt  water fal l out of ionic type (mean d iame ter 1 . � ;  maximum diame ter 3 . 7�) 
show tha t the relative ly smal l  uptake of fiss ion products and the ir shor t 
radioac t ive and biological hal f- life in mouse tissues following a br ief 
exposure ( one hour) resul t  in a relative ly low interna l  dos e . The maximum 
internal d os e  rate at  one hour to the respiratory sys tem was 2 . 2 rads /hr 
where the external dos e  rate was 1700 rads /hr . The hazard from respiratory 
ass imi la t ion can , there fore , be ignored in an emergency s i tua tion . 

Resus pens i on va lues in the envir onmen tal air (�c per cc /�c per c� ) 
lie  be tween 1 018 and 10110 , wi th 1018 the mos t l ikely va lue for dus ty 
operat ions in the open . In expos ures occurr ing in a heavy- fallou t  region 
where the external gamma exposure is about 300 r /hr a t  one hour af tet de to
na tion ,  the inhalat ion hazard is also  s l ight . The expos ed man or anima l  
would have t o  brea the in a l l  the inha lab le rad ioac tivity that would have 
been depos ited on 10 c� of surface to deliver 15 rem in 90 days . This 
e s timate agrees wi th da ta on the Marshall  Is land animals and with other 
es t imates made in the pas t .  One migh t speculate tha t the hazard wou ld be 
greater in graz ing animals becaus e of proximi ty of the external nares to 
the gr ound . However , a fac tor of abou t I dS  mus t be app l ied in order• to 
place the radiation dos es in orders of magni tude s imi lar to those from 
external exposures . 
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4 . 2  Ingestion Hazard 

Under expected conditions of fallout the mucosa of the intestinal trac t 
might receive a large absorbed dose, primarily from beta radiation, as 
radiocontaminated ingesta pass through the digestive tract. Probably the 
largest source of ingested radionuclides for grazing animals will be 
succulent green foliage. More may be added by the contaminated water con
sumed and by radionuclides swallowed after be ing taken into t he  body by 
inhalation. 

Studies have shown t hat the lower large intestine is always the 
critical organ in both the single-stomached animal and the ruminant. The 
physio logica l state of the gastrointestinal system ( for example, whether 
there is diarrhea or constipation) alters the dose delivered by more than 
an order of magnitude. 

Although serial daily sacrifice of dogs foll owing ingestion of 25  me 
of Y90 showed mild pathologic change ( sloughing of villi tips, heterophilic 
infiltration) , the tissues of the lower large intestine were essentially 
nor ma l  in the animals killed on the sixth day fo l l owing administration of 
the radionuclide. The total dose to the critica l organ in this case was 
2 000 rads. It was not unti l the de livered radiation doses reached 5 , 000-
14 , 000 rads that hemorrhagic enteritis was observed at autopsy. It has not 
been determined if serious incapacitations or deaths w ould occur at these 
dose levels among animals in general, although one might expect a reduction 
in milk or egg production or in weight. 

To receive a given dose from beta radiation, the ruminant must ingest 
greater total amounts of radionuc lides than would be necessary for the non 
ruminant. This is because the ruminant has a greater mass of ingesta of 
which only the "outer shell "  irradiates the mucosa . It is the concentra tion 
of the radionuclides within the ingesta that determines the dose rate to 
the rumen mucosa. Also the gut dose is a function of food intake, ingesta 
dynamics (dehydra tion, hold- up times, etc. ) , amount of radioac tivi ties 
present, and radioactive decay. Therefore there are great differences 
among different species in the radiation doses de livered , particularly to 
the l ower large intestines, by the ingestion of equa l amoun ts of radio
nuc lides. Likewise considerable differences are noted within single 
species because of innate physiological differences. 

Estimated accumulated doses to cows resulting from fallout levels of 
1 00 r /hr standardized to one hour after the detonation are listed below. I t  
has been assumed that the cows that have been kept i n  a barn for the first 
14 days after attack have been fed on uncontaminated hay. A factor of 
three has been used for the shielding effect of the barn against gamma 
r adiation. 
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9 0-day whole-body d os e  
9 0- day gut d os e  

Cows s tar t graz ing 
immed iate ly af ter a t tack 

400 r 
100 r 

Cows s tart 
grazing at 14 days 

150 r 
30  r 

It has been assumed that  56 0 mc / f t2 of gross f is s i on produc ts 
( 6 100 mc /mf )  wi ll  produce 100 r /hr at one hour af ter d e tona tion .  This de
cays to 15 mc / f t2 the f irs t day . It has a ls o  been as sumed tha t the herbage 
r e ta ins about one per cent of the ma terial fal ling on the land , and the c ow  
s tr i ps 1500 ft2 per day on an average pas ture . Thus a tota l o f  225 me i s  
inges ted each day when reduced t o  the one-day ac tivity ra te . In s i tuations 
where the herbage re tention is higher than one per c ent  the dose del ivered 
to the gu t wi ll  be increas ed propor t iona te ly , but the whole-body dose de
l ivered wi l l  remain the same .  The whole-body dose is re lated to the abs o
lu te amount of rad ioac tive materia l tha t fal ls and is  not a l tered by the 
amount re tained upon the herbage . It should be noted tha t even a whole
body d ose of 1000 r would mean only 250 r to the gut ; 1/8 of the dose 
required to produce the minimal inj ury noted above . 

Labora tory data ob tained from goats in the y t tr ium- 9 0  exper iments 
noted above may provide some ins igh t into the c ompara tive beta-rad iati on 
d oses  to  the c ow ' s  lower large intes tine which one might expec t from 
f is s ion produc ts . Each mil l icurie of y t trium- 9 0  inges ted by the goat  
resul ted in an  abs orbed dose  of  1 7  rads to the lower large intes tine . By 
d irec t extrapolat ion of thes e values to the c ow ,  225 mi l l icur ies of 
y t tr ium- 90  would de l iver les s than 4000 rads to  the cr i t ical organ . This 
is less than the rad iation dose  required to obs erve pathological damage 
(hemorrhag ic en ter i t is)  in the goa t . There  are s evera l fac t ors tha t would 
r educe  this es t ima ted d os e  to the c ow .  For ins tance , the inges tion of 
fa llou t  ma terial les s  than two and one hal f  days old ( the approx imate half
l ife  of y t tr ium- 9 0) would resul t  in  lower ing the de l ivered d os e , s ince the 
hal f - life of f i s s ion produc ts approx imates the time s inc e formation .  Als o ,  
a c ow  would have to inges t more f is s i on produc t rad i onuc l ides to receive 
the same dose as the goa t , as suming s imi lar d iges tion dynamic s ,  s i nce only 
the ou ter she l l  c ontributes to the be ta-ray dose  to the intes tina l  muc osa . 
In add i t i on ,  the average be ta-ray energy of fiss i on produc ts is  es timated 
to be  0 . 43 Mev at 2 . 1  days of age c ompared to 0 . 89 Mev for yttrium- 9 0 .  
This  d i fference i n  be ta-ray energy would greatly reduc e the del ivered dose . 
In s ummary , i t  appears that  the c ow  would rec e ive a subs tan tia l ly sma l ler 
dose to the gut than would the goat . 

In view of the da ta obta ined by d irec t d ose  measuremen t of inges ted 
y ttrium-90 , it appears that the who le-body rad iat i on dos e  would probab ly 
resu l t  in fa ta l i t ies long before irrad iation of the gut would bec ome a 
cri t ical problem .  However , this d oes no t d iscount the pos s ible add i t ive 
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ef fec ts of whole-body and gut irrad iation , nor does i t  evaluate the effec ts 
of gu t irrad iati on at  the non- le thal level on we ight gain , mi lk or egg 
produc t ion , suscep t ib i l i ty to infec tion , etc . The phys iologica l dis turbances 
resu l t ing from irrad iat ion- induced d iarrhea c ould c onceivab ly reduce or 
s t op produc tion in the mi lk c ow  or laying hen . 

Reduc tions in the potential gut dos e  can be accomp lished by feed ing 
les ser amounts of contaminated roughage feeds s oon af ter detonation , or by 
wi thhold ing a l l  c ontaminated feeds for as long as poss ible . The local 
s i tuation wi l l  dic tate the more advantageous me thod . Likewise , the admin
is trat i on of a laxa tive foll owing inges tion of rad ioac t ive feeds , if  non
c ontamina ted or les s -c ontaminated feeds are avai lable f or subs equent feed
ing ,wi l l  reduce the de livered dose to the gas trointes tinal  trac t should 
this bec ame an impor tant cons ideration .  

The gamma-ray dose of interna l ly- located fiss ion produc ts does not 
appear to be subs tan tia l ; i ts c ontributi on to  the total  radiati on dose 
received by a tissue is sma l l  when compared wi th the dose as s oc iated wi th 
beta-ray emis s ions . For example , in dogs adminis tered ces ium- 137 , the 
beta /gamma-ray ra tio  of dose  to l iver , kidney , mus c le , and gonad is 
approximately two . To a grea t ex ten t the gamma d os e  is a func t i on of the 
geometry of the rad iating med ium ( inges ta) : the nearer the approach to the 
geome tr ical center , the higher the gamma-ray dose . For the large animal 
( e . g . , cow) the rad iation d os e  from the gamma-ray component of the inges ted 
rad ionuc l ides wil l  bec ome more impor tant because of the s ize of the radi
ating medium .  The contribution o f  the total dos e  by gamma rays i s  assumed 
to be s imp ly add i t ive to the be ta-ray c omponent from inges ted rad ionuc l ides 
of fiss ion products . If this is true , the tota l  rad ia tion dos e  under 
s pec ia l  c ircums tances may approach inj urious leve ls in c ows becaus e of the 
combined expos ure effec ts . It is not bel ieved tha t this is a prac tica l 
pos s ibi l i ty .  For pos s ible gene tic  damage , the gamma component would un
doub ted ly as sume the more impor tant role . In domes t ic animals , in  an 
emergency , this is not cons idered to be of any par ticular impor tance . 

4 . 3  The Added Hazard to Animals of Consumed Fiss ion Produc ts 

There has been no exper imental de termi na t i on of the add it ional burden 
tha t an anima l  externa l ly exposed to fa llou t  would s us tain from a be ta-ray 
dose  to i ts thyroid and from a total-body dose from inges ted iodine- 131 . 
Inves t iga tors have made es tima tes tha t vary c ons iderab ly .  However , all  
are in agreement that the biological effec t contr ibu ted by the i od ine- 131 
to the thyroid and to  the tota l body is comparat ive ly sma ll . The externa l 
body exposure to gamma rays from fission produc ts wi l l  always be the l imit
ing fac tor in an unshel tered s i tuation .  Long before the internal dose  
reaches subs tantial propor t i ons the anima l will  have rec eived a fatal 
exposure from ambient  fal l ou t  rad iation . In view of the scant direc t 
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evidence bearing upon this s ubj ec t ,  es tima tes for al l the important fis s i on 
products are given in Append ix C .  

From thes e Appendix C es tima tes and from calculations in Append ix D ,  
which we bel ieve maximize the hazard to animals and man from the inges tion 
of fiss ion produc ts , i t  appears that the d irec t or ind irec t added hazard 
from c onsumed fiss ion produc ts can be ignored in the ear ly phas es , and with 
c lose- in fa l l out . Therefore , i f  the populat ion needs food for survival or 
to ma intain a capac ity for work , the food produc ts from animals that have 
consumed f is s ion produc ts can be used dur ing an emergency period , provided 
the animals can be hand led , milked , or s laughtered wi thout excess ive ex

pos ure to the husbandman . Iod ine- 131 in milk , however , poses a spec ial 
problem for smal l  children , as is d iscussed later . 
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5 .  EFFECTS OF CONTACT WITH RADIOACTIVE MATERIALS 

5 . 1  External Effec ts (Rad ia tion Burns) 

The externa l rad iation burns due to contac t wi th fiss i on produc ts or 
other rad ioac t ive nuc lides following nuc lear detonat ions are pr inc ipa l ly 
the resu lt  of be ta rad iation . They are inj ur ies c ommonly s een on nearby 
anima ls fol lowing a nuc lear de tona tion when par ticulate fal lout ma terial 
l odges in the ir c oats or on the ir skins , thus keeping the rad i oac tive 
elements in pos i tion suffic iently long to produce wha t has been cal led 
"beta burns " .  There can be a hazard to herdsmen and aba ttoir employees who 
hand le the anima ls s o  exposed . Buildings and equipment can also  become 
c ontaminated . 

It is qui te pos s ib le tha t le thal phys iological effec ts from be ta radia
tion may rare ly or  never be  seen in farm anima ls foll owing nuc lear de tona 
tions , s ince leve ls o f  be ta rad iation high enough to cause such effec ts 
would under mos t c ircums tances be accompanied by gamma radiation of suf f i 
c ient magni tude to del iver a n  overwhe lming tota l-body exposure . The cattle 
acc identa lly exposed to about 39 , 000 rep a t  the Trinity Tes t in 1945 sur
v ived . The ratio of skin exposure to tota l-body exposure was 39 , 000 rep 
( to mul t iple foc i on the back) to 140 r of tota l-body expos ure . Since the 
phys iologica l response to the ef fec ts of be ta par tic les on the skin is ex
pressed by a mechanism d i f ferent from that used for gamma exposure to  the 
total  body , the symptomatic response to a be ta/gamma f lux c ould be a t  mos t 
equa l to the responses to the two types of rad iation injury applied sepa 
ra tely . From wha t is  known by the observa tion of acc identa lly expos ed 
animals , however , i t  probab ly is wis e to c ons ider the effec ts as overlapping 
and not add i t ive to any marked extent .  

5 . 2 Burn Types 

One d ifference  be tween thermal burns and be ta burns relates to time . 
The response to thermal burns is immed iate , whi le s everal days or weeks 
may pas s before phys ica l s igns of the beta burns are apparent . Doses re
quired to effect a burn vary wi th the energy (Table IX) . 
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Is otope 

Table IX 

Be ta Radiation Produc ing Recognizab le Inj ury 
to the Skin of a Pig 

Average Energy 
(Mev) 

Surface Dos e 
(rads) 

Es tima ted Be ta 
Dose at 0 . 09 um 

(rads , uc /cnfJ) 

Sulfur- 35 
C obalt-60  
Ces ium- 13 7 
Yttrium- 9 1  
Phosphorous - 32 
S trontium- 90 

0 . 1 7 
0 . 31 
0 . 55 
1 . 53 
1 . 7 1 
2 . 70 

2 0 , 000 
4 , 000 
2 , 000 
1 ,5 00 
2 , 000 
2 , 000 

1 ,2 00 
1 ,6 00 
1 , 700 
1 ,200 

These les ions may be c las s ified by the ir sever i ty :  

( 1) Epidermal a trophy which fol lows a law dose of 
rad iation .  Although a s l ight depigmentation 

of the c oa t  may be seen a few weeks af ter exposure , 
the skin is us ua l ly intac t and any a trophy rec ognized 
is only microsc opic . 

(2)  Exfoliative dyskera tos is which fol lows a more 
intens ive exposure , in which the skin bec omes 

flaky and exfol iates . (A chronic rad ia tion derma
titis usua l ly follows this type of burn . )  Atypical  
c e l l  forms are charac teris tica l ly found in  the 
epidermis , hair foll ic les are usually des tr�ed , and 
the surround ing tissues produce a depigmented c oa t  
color . 

( 3) Transepidermal necros is , the severes t type of 
be ta burn which , except for the latent deve lop

ment mentioned above , resembles a thermal burn with 
edema , bul lous desquamation ,  and les ion , but the 
c oa t  will  not regrow . Around the edges of such a 
wound may be found the les ions charac ter is t ic of the 
two les ser types of beta burns . 

A carc inoma of the skin of the back eventua lly deve loped in three 
beef cows kept for 15- 17  years af ter the Trini ty expos ure to  appr oximately 
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39 , 000 rep skin dose , delivered over 10 per cent or more of the body sur
face , and 140 r tota l-body dose . External radiation burns upon the backs 
and fee t of anima ls wi l l  detrac t l i t t le from the ir f ood value . It is un
l ikely that exposures of the back or feet of animals wi l l  contr ibute any 
subs tant ial increase in the effec ts of external whole-body irrad iation 
as soc iated with i t . 

The inj ury from contact with fal l ou t  par tic les to the skin of food 
animals , us ua l ly the back , depends upon the contaminat ion dens i ty and the 
length of time of the c ontac t .  This can be descr ibed by the term 
"accumulated contamination dens ity" and expressed by the uni t  �c - hr /crrta . 
The term inc ludes both the prec ed ing fac tors and hence can be emp loyed as a 

meas ure of hazard of skin irrad iation due to fa l l out . The express ion �c -
hr /crrta imp l ies that  it  makes no difference whe ther an exposure of 2 00 �c -
hr/crrta res ults from 2 00 �c /crrta in contac t with the skin for one hour or 20 
�c /crrta for ten hours . A very rough empir ica l relationship is as  fol l ows : 
The beta-ray dos e del ivered by fission produc ts on the skin (probably mos t 
appl icab le to swine) wi l l  be 5 rads /hr when the surface contamination on 
the ground equals that on the back of an animal and is one �c /crrta . (This 
es timate is adapted from the NCRP Handbook , Repor t #2 9 . )  
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6 • ANIMALS AND POUL'l'R.Y AS SOURCES OF FOOD 

Usual ly only musc le of animals would be c onsumed as mea t . Hence 
l evels of  rad ionuc lides in bone , gu t ,  and thyroid need not be  cons idered 
in as sessing animals as mea t s ources , only those in musc le . 

6 . 1 Utiliza tion of Animals Expos ed to Total -Body Radiation 

Bas ed upon s tudies of food animals expos ed to total-body irrad i ation ,  
there i s  no evidence that the f lesh of lethally irrad iated animals is harm
fu l ,  even if i t  is obtained from animals near death from total-body irrad i
a ti on .  Food animals exposed to very large total - or partial-body irrad ia
t i on ordinari ly can be salvaged for food if  they are s laughtered wi thin two 
to eight days af ter exposure or have c ompletely rec overed from the ensuing 
i l lnes s . In the abs ence of c omple te informa tion regarding exposure , it  
w i l l  be  safe to cons ider tha t animals are sui table for food i f  they show 
no evidence of i llness and their temperatures are not e levated . Because 
o f  lowered res is tance , infec tions may deve lop 8- 14 days after exposure and 
be acc ompanied by s evere genera lized i l lnes s . An es timate of the salvage
abl e  mammal ian food anima ls was given in Table  IV. 

6 . 2 Utiliza tion of Interna l ly Expos ed Animals 

In an emergency the f ood produc ts of surviving animal s that have con
sumed f iss ion products can be used to sus tain l i fe or maintain a capac ity 
for work . Append ix D gives c omputations of doses to human thyroids from 
drinking mi lk from c ows tha t have c onsumed i od ine - 131 . They show that a t  
the upper limi t of radioac tive contamination i n  avai lab le mi lk s upplies the 
thyroid dose to adul ts from dr inking one li ter per day of mi lk wil l  be 
acceptable f or the bumediate emergency . Infants , however , shou ld not drink 
milk with that leve l of c ontamination becaus e of the much greater dos e  
the ir smal ler thyroids wou ld rece ive . 

6 . 3  As ses s ing the Hazard of Us ing Food from Exposed Animals 

To de termine the r isk tha t man would take by eating meat or drinking 
mi lk from animals that have c onsumed fis s i on produc ts requ ires knowledge of 
( 1) the leve l of contamination in the anima l ' s  intak� , (2) the reduc tion in 
the c ontamination c oncentra tion tha t takes p lace when the animal c onverts 
this intake into food products , and ( 3) the e ffec ts of rad ia tion exposure 
on man . Mul tipliers or ra tios , R ,  for ( 2 )  above have been derived for 
d i f ferent types and leng ths of exposure to the anima l . Another group , 
expert on the e ffec ts of  rad iation on man , c an use these multipliers to 
comp lete the hazard as sessment . 

R ... A/M,  
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where A is the c oncentration of rad ionuc l ides in the animal ' s intake ( air , 
food , wa ter) , and M is the resulting concentration of rad ionuc l ides in food 
produc ts from tha t anima l . 

S ince M is the concentration of c ontaminants in the food c onsumed by 
man , i t  is als o a meas ure of the rad iation exposure he receives , and a 
maximum accep table concentrat ion value migh t be ass igned and used during 
emergency c ond i tions by an au thor i ty who is informed on the nationa l  s itua 
tion and needs . 

The value of R will be dependent upon the s pecific anima l food produc t 
to be c onsumed and upon c ond i tions under which the animal was exposed . In 
order to obtain the leve l of contamina tion (A) in the anima l ' s  total intake 
(air , food , wa ter) , R shou ld be mul tiplied by the c oncentra tion (MO that 
w i l l  be allowed for man in a spec ific emergency s i tuation . The R ,  or 
mu l tiplying fac tor , values are f ixed and are l is ted in Tab le X .  They are 
bas ed on prolonged exposures to man . 

Al though values of R have been calcula ted for mi lk , mea t ,  liver , and 
kidney , and for a number of impor tant food - producing spec ies , emphas is  wi l l  
be p laced on the l imi t ing va lues for cattle . The values for dairy cattle 
are usua l ly l imi t ing &nd are the only ones ind ica ted in Table  X .  See 
Append ix B for de tails of how Tab le X was deve loped . 

It  is expec ted that this me thod of eva luation wil l not be useful unt i l 
s ome days af ter the nuc lear detonation .  Cons iderab le detailed information 
wi l l  be needed for the eva lua tions required .  

As an examp le of the use of Table  X ,  c ons ider the case of a c ow  s ub
j ec ted to prolonged exposure to s trontium- 90 through ea ting c ontaminated 
vege tation .  The mul tiply ing fac tor (R) for this s i tuation is 6 ,  and there 
fore , s ince R • A/M, A • 6 M .  This means that  the cow may c onsume vegeta
tion c ontaining a s trontium-9 0 concentra tion (A) that is s ix t imes M, the 
concentration of rad ionuc l ides in water that migh t be es tabl ished for man 
(by the author i ty referred to ear l ier) , before her mi lk c ontains a con
centra tion equal to M .  

As a res u l t  o f  rad ioac tive decay and e l imina tion o f  the rad ionuc l ide 
from the animal , the values for the multiplying fac tors (R) wi l l  increase 
wi th time following s ing le exposure . For examp le , in order for mi lk to 
contain a concentra tion of s tront ium- 90 equa l to the c oncentration CM) in  
water accep table  for man , the water or feed consumed , or air  brea thed by 
the cow the day previous to secre ting the mi lk cou ld have been , 
respective ly , 10  and 60  t imes the concentra tion for man (M) . In the event 
that the average concentrations of s trontium- 90 in the cow ' s wa ter or air 
was 500 or 3000 t imes the respe c t ive permiss ib le concentra tions for man i n  
water and f or man i n  a ir , mi lk produced after the 2 0 th day would be be l ow  
the permis s ible  c oncentration i n  water for man . 
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� 
VI 

Tab le X 

Re la tionship of 1 13 1 , sr90 , and cs l37 Concentra t i ons in Anima l ' s  Intake 
to thos e in Anima l ' s  Food Produc ts 

( Bas ed on es t imated c oncentra t i on leve ls at end of the day 
on which the animal c ons umed the c ontaminated herbage) 

Ra t ios or mu l t ip lying fac tors • R* 

Days from exposure of When rl3 1  is in When sr9° is in When cs 13 7 is in 
anima l  t o  s tar t of anima l ' s  anima l 1 s  anima l 1 s  anima l ' s  animal 1 s  anima l  1 s  
c ons ump tion b v  ma n  � _wa ter ** air wa ter air wa ter air 

Prolonged c onsumpt ion by the anima l  

Mi lk 2 6 6 40 1 6 
Mea t (mus c le) 6 2 0  40 2 00 1 6 
Liver 3 10 - - 1 6 

S ingle or brief consump t ion by the anima l 

1 Mi lk 4 20 10 6 0  4 25 
Mea t (mus c le) 2 0  100 7 0 400 9 50 
Liver 10 50 - - 10 6 0  

5 Mi lk 10 6 0  60 300 10 7 0 
Meat (mus c l e )  6 0  300 400 2 , 000 9 50 
Liver 3 0  1 5 0  - - 10 7 0 

10 Mi lk 2 0  100 2 00 1 , 000 20 100 
Meat (mus c le) 100 6 00 1 , 000 7 , 000 8 5 0  
Liver 50 300 - - 2 0  100 

2 0  Mi lk 5 0  300 5 00 3 , 000 30 2 00 
Meat (mus c le) 2 00 1 ,400 3 , 000 2 0 , 000 10 70 
Liver 100 700 - - 30 2 00 

* An acceptable c oncentration (A) for domes tic animals (bas ed on the cow as the l imi ting case) is tha t which 
wou ld res u l t  in a c oncentra t i on (M) in the anima l ' s  t i s s ue or mi lk equa l  t o  an acc eptable l evel (M) for 
man ' s  drinking wa ter ; i . e . , R • A/M. 

** The c oncen tra tion of rad i onuc l ides in vegetation is as s umed to be the same as tha t  in wa ter . 
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In the cas e of iod ine- 131 , i f  the animals remain on the pas ture follow
ing a s ingle c ontamination event , each liter of mi lk produced would c onta in 
about one tenth the concentration per kg in the dry vegeta tion consumed . 
(For reference purpos es , the Day 5 values from Table X wou ld apply . ) If the 
de terminations are based on succulent pas ture , the va lues wou ld have to be 
scaled down appropr iate ly (see Table XV) . 

6 . 4 Utiliza tion of Pou ltry 

The eggs and f lesh of pou l try wi l l  repres ent an important resource of 
fresh food of animal or igin which may be avai lab le fol lowing a nuclear 
attack . This  belief  is s trengthened by the fac t that a l l  poul try are eas i ly 
s laughtered at  the place a t  wh ich they are raised or one to wh ich they c an 
be trans ported by hand . It is an accepted procedure in farm homes to pre
pare and c ook poul try immed iately a f ter s laughter ; therefore refrigera tion 
need not be a limi t ing fac tor . Pou l try , espec ia lly chickens , are often 
reared under shel ter or are provided wi th optiona l  shel ter f or protec ti on 
from normal environmenta l  changes . This should provide an added margin of  
safe ty for poultry expos ed to rad ioac t ive fal lout . In  add i tion ,  over a 
large part of the year pou l try are of ten fed prepared feeds (sui table only 
for pou l try) which are in s torage . This can give s ame indirec t protect ion 
to the c onsumer of pou l try aga ins t internal exposure to rad ionuc lides from 
fa l l out . 

From the experienc e  in the Marsha l l  Is land animals i t  is  
laying hens wi l l  rapid ly e l iminate s tront ium- 90  by way of the 
through rap id and frequent mob i l izat ion of labile bone salts . 
thus an impor tant food in t ime of emergency . 

6 . 5  Food Va lue of Animals Exposed to B las t and Heat 

evident that 
egg shells  

Eggs are 

Blas t and hea t have little immed iate effec t upon the food va lue of an 
animal if wounds and burns are not extens ive . Such anima ls can be 
s laugh tered prompt ly for c onsumption if the requirement exis ts . Present 
mea t- inspec tion prac tices should adequa tely c over c ontingenc ies resulting 
from secondary e ffec ts of b las t ,  i . e . , f ly ing debris or fal l ing s truc tures . 
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7 • EXPOSURE OF MARINE LIFE 

The rad ia tion and loca l fa llout fol lowing a nuc lear detonation is 
apparently far less s ignificant to l ife in a marine environment than to 
the animal and plant l ife in a land env ironment .  Di lution of rad ioac t ive 
s tr ontium and ces ium in the ocean is suffic ient to e l iminate them from the 
c ategory of fa l l out prob lems in the ocean . Ins tead of f iss ion produc ts , 
neutron-ac t iva ted nuc lides in the form of cobalt-57 , - 5 8  and -60 , iron- 55 
and - 59 , manganese- 54 and z inc-65  are predominant in the mar ine anima ls . 
On a short- time bas is and as l ocal fal l out , iodine- 13 1 seems to be the 
pr incipa l fiss ion- produc t is otope of concern in marine food res ources . 

7 . 1  Effec ts of Exposure 

Radioiod ine may c oncentrate to rather high levels in the thyroid of 
f ish . A recently c ompleted and as-yet-unpub l ished s tudy of tes t- s ite 
mater ial purpor ts to show tha t iodine- 13 1  pas s ing through the food cha in 
(a lgae � inver tebra tes � f ish) may c oncentrate in suffic ient amounts in the 
thyroid g lands of f ishes to damage ser ious ly or des troy the thyroid . 

Further observa tions on mar ine l i fe which may be pert inent : (a) 
LD60t30 for adu l t  f ish is in the range of 1000- 2 000 rads , whi le for 
crus taceans it is in the range of 800- 100 ,000 rads and for mol luscs in the 
range of 4000- 50 , 000 rads . (b) The fal lout res ides on par tic les of 
calc ium c ompounds or on NaC l par tic les . (c) Few fiss ion produc ts appear 
in fish ; of the three long- l ived f iss ion produc ts , ces ium- 13 7 ,s trontium- 90 , 
and cerium- 144 , only the lat ter , cer ium- 144 , is read i ly de tec ted in mar ine 
anima ls . (d) Rad ioc oba lt  is apparent ly c oncentrated abou t 1 0 , 000 times by 
c lams that are in an area of heavy fallout . (e) Z inc-65  can be identified 
in tuna fish and in oys ters and c lams . It has also  been s hown to be c on
centra ted by oys ters and scallops to thousands of times above its leve l in 
the water . ( f) In abou t 700 fish spec imens col lec ted over a 19 -month 
per iod at Eniwe tok Atol l , only about one per cent of the tota l be ta rad io
ac t ivi ty of the tis s ue counted was in musc le . 

7 . 2 Uti l ization as Food 

Cons ider ing the very low levels of rad ionuc lides in the mar ine en
vironment not in the immed iate vicini ty of a detonation ,  t oge ther with the 
above information , i t  would appear tha t the musc le of fish , crus taceans , 
and mol luscs can be a highly rec ommended , relative ly safe food source in 
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a d isas ter s i tuation .  The visceral mass of fish should , however , be d is 
carded , particular ly i f  they are caught near the area of detonation and 
maj or fal l out  zone . Clams and oys ters , which are eaten whole , should be 
avoided if harves ted from s uch a contaminated area . 
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8 .  STERTI.ITY , SEXUAL , GENETIC , AND EMBRYOLOGIC EFFECTS 

8 . 1  Hale S ter i l i ty 

Stud ies of the effec ts of tota l-body irradiation on sperm produc tion 
in bu lls (4 00 r) , boars (400 r) , and rabbi ts (800 r) show no evidence of 
induc tion of permanent s ter ility .  No d ifference was obs erved between the 
s emen of the burros expos ed to near- letha l leve ls in an atomic detonation 
and the c ontrol burros at one year after exposure . Breeding capac ity and 
s ex dr ive are not impa ired in mos t cas es , even in exposures subs tantial ly 
above the LD50/30 leve l in ma le burros , unt il j us t  a few hours before death . 

8 . 2  Female S ter i l i ty 

Cows surviving 450- 700 r tota l-body exposure ,de l ivered in a brief 
period ,were placed with non- irrad ia ted bulls  60  days after irradiation . All  
c onc e ived , and all  calves were norma l at birth . No d i fference was s een in 
rate of pregnancy between irradi ated cows and c ontrols . The surviving 
i rrad ia ted anima ls are in excellent heal th four years after exposur e .  

N o  evidence of s ter i l i ty or lowered fertility has been observed up to 
f ive years fol lowing exposure of cows to total-body doses of 400 r gamma 
radiation . Same of this group rece ived an add i ti onal dose of 400 r one to 
two years after the initial exposure . Thes e have continued to exhib it 
normal fer t i l i ty .  Ca lves born to these cows have been normal in appearance 
and growth rate . One female burro that recei�ed nearly 800 r total-body 
rad iation expos ure (coba l t-60) has produced several normal col ts over a 
n ine-year period . Anima ls surviving exposures in the LDso 30 range have 
shown no evidence of s ter i l i ty , except for a temporary per!od ,  up to nine 
years later . Swine have shown no evidence of s ter i l i ty ,  reduced litter 
s ize , or reduced survival at weaning time when s ows are bred e ight months 
or l onger af ter irrad iation . {See Table XI . )  

No apprec iab le inc idence of s teri lity wi l l  be obs erved in animals 
s urviving heavy exposure to  iodine- 131 or s trontium- 9 0 .  If , however , a 
large dos e  of ces ium- 137 is received ,  such as would caus e the acute rad ia
t ion syndrome , s ter i l ity migh t resu l t . See Sec tion 3 . 3  for da ta on sur
v iva l of fe tus es rec eiving thyroid-ablative doses of iodine- 131 dur ing 
ges ta tion .  
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Table XI 

S ize and Surv iva l of Li tters of Sows Rec e iving 
One Ha l f  to One LD5 0t 3 0  

Average of f irs t and sec ond l i tters af ter exposure 

Farrowed Survived at  
Parentage Per l i ter a l ive weaniBB 

Non- irrad ia ted 10 . 3  9 . 7  8 . 0 
Irrad ia ted � and 

Non- irrad ia ted � 11 . 0  10 . 5  7 . 2  
Irradia ted (both) 1 0 . 6  10 . 4  9 . 1  

8 . 3  Embryologic Effec ts 

Irrad ia tion is espec ia l ly harmful to the embryo . Doses ord inari ly 
withou t danger to the dam can be of grave c onsequence to the embryo dur ing 
ear ly embryonic l ife . It has been obs erved that exposure a t  the time of 
tissue d i f ferentiation is particular ly damag ing . The aberrations en
countered are as s oc iated almos t entire ly with cessat ion of d evel opment or 
growth of a particu lar organ or organ sys tem .  The embryologica l effec ts 
of  rad ia tion exposures and as s oc iated prob lems , however , are of l i t tle c on
sequence in anima ls exc ept for the ec onomic loss of the aberrant young . 
S teri l i ty of animals irrad iated as embryos has not been s tud ied . 

8 . 4  Genetic Effec ts on Mamma ls 

An increas e in the muta tion rate of domes t ic animals may be assumed 
to fol l ow  an increase in  exposure to ionizing rad iat ions . The gene tic 
effec ts are es sentia lly irreparable , cumulative , and s e lf-mu l t iply ing . It 
is impos s ible  to d is t inguish rad iation- induc ed mu tations from thos e with 
other causes . Any abnormali t ies produced wi l l  be of the same type as those 
cus tomar i ly seen . S ince the rate of  muta tions in domes t ic farm animals is 
poor ly es tablished in mos t ins tances , or unknown in others , incremental 
changes wi l l  probab ly not be recognized . 

There are ind ications tha t the e ffec t of a given dose  is influenc ed 
by p loidy , e . g . , the comp lex organiza tion of chromos ome materia l in h igher 
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animals may suffer greater gene tic inj ury than does the s impler organiza
t i on in the dros oph i la or even the mouse .  However , the common prac tice of 
rej ec ting poor gene tic mater ia l  and the extensive us e of zootechnical  
eugenics obviates a c oncern for the gene tic effec ts of  irrad iation in do
mes t ic animals . 

8 . 5  S teri l i ty  in Poul try 

It is be lieved tha t the number of chickens that survive for 30 days 
wi l l  be approximate ly the number that may be expec ted to survive for 180 
days or pos s ibly l onger . Limi ted s tud ies to date fai l  to reveal any 
pers is ting s omat ic effec ts on egg produc tion and fer t i l i ty or ha tchab i l i ty 
in chickens surviving external radiation . This appears to be in agreement 
wi th the exper ience in the Marshall Is lands . Chickens there were exposed 
to external gamma rad iati on d oses of 2 80- 360 r ,  plus rad ionuc l ide 
c ontamination .  S tud ies made on total egg produc t ion and ra te of produc 
t i on revea led no evidence of any e ffec t of rad iation . Fer tility of the 
hens and the hatchabi l i ty of the eggs produced were normal . The chicks 
hatched also  appeared normal . 
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9 .  PROTECTIVE CONSIDERATIONS FOR HUSBANDMEN 

9 . 1  Genera l Guidance 

Dur ing the f irs t phas e of fal lou t , when l itt le may be known of i ts 
intens i ty and nature , i t wi l l  be wise for husbandmen to keep the ir per
s onal exposure to the minimum cons is tent w i th the surv ival of the ir 
c ommuni ties , fami l ies and s e lves . A genera l ru le of guidance can be g iven 
when rad iation levels  have been determined : If the anima ls or poultry are 
we ll and can be attended to wi thou t undue rad ia ti on hazard to the husband 
man (due to ambient rad iati on) , then the f lesh or produc ts of s uch animals 
or b irds can be us ed for food ,for a reas onab le emergency per iod , to sus tain 
life . Fina l ly , when i t  is pos s ible to ident i fy rad ionuc l ides , further 
refinements in the protec tive meas ures wi l l  be taken . 

It is emphas ized tha t in de termining whether animals inj ured by 
e i ther blas t or therma l effec ts of a nuc lear weapon are to be handled or 
s laughtered ,  one mus t cons ider the fol lowing : 

( 1) The rad ia tion r isk to the pers ons charged wi th the care 
or u t i l ization of the animals . 

(2)  The nature of  the inj ury to the food anima l in ques tion , 
the s e que lae , and the s ta te of its  rec overy at the t ime 

of s laughter or hand l ing . 

(3) The total- or par t ial-body irrad ia t i on effec ts in add i
tion to blas t or thermal effec ts . 

(4) The contamina tion of the anima l  by rad ioac t ive subs tances . 

(5)  The cr itica l s tatus of the food s tores . 

(6)  The ava i lab i l i ty of process ing fac i l i ties and the means 
of s torage or preserva tion of the sa lvaged meat , mi lk , 

or eggs . 

There i s  a spec ia l warning tha t s hould be emphas ized . There may be a 
tendency to s laughter anima ls need les s ly ,  i . e . , panic s laughter ing . For 
examp le , pou l try are eas i ly s laughtered , but i t  mus t be remembered that 
enough of them mus t be preserved to provide a s ourc e of eggs , and , equa l ly 
impor tant , a breed i ng s tock to rep lenis h the f l ock . It is sugges ted that 
contaminated grain be used for anima l feed and the unc ontaminated res erved 
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f or man in order to take advantage of the abi l i ty of animals to s erve as 
f i l ters of c ontaminating rad ionuc l ides . In s pecial c ircums tances s ome 
unc ontaminated gra ins might be used to preserve a nuc leus of l ives tock and 
f owls  f or breed ing purposes . 

9 . 2  Futi l i ty of Therapy 

Therapy for large numbers of total-body- irrad iated animals is probably 
fu t i le . If valued animals are expos ed to  moderate levels of tota l -body 
irrad iation , the use of antibiotics may be of value where bac terial in
fec t ion is pres ent . It is  sugges ted , however , that when exposed anima ls 
have been subj ec ted to subs tantial total-body irrad iation ,  it wi l l  be 
b e t ter to salvage them for food before the deve l opment of the irrad ia tion 
s yndrome than to attempt trea tment . Such a dec ision s hou ld be made only 
a fter de termining that food-pr eservation methods and fac i l i ties are 
adequate to avoid was te . 

9 . 3  Protec tion from Fal l ou t  

A s ing le br ief exposure o f  u p  to  300 r of total-body irrad ia tion w i l l  
be reas onab ly we l l  to lera ted by mos t farm animals . I f  i t  is  a t  a l l  pos s i 
b le ,  however , food anima ls should b e  removed from pas ture i n  fa l l out areas , 
p laced in barns , and given dry , unc ontaminated hay . It is  d ifficu l t  to 
s e t  an exac t externa l  dos e  rate a t  which it wou ld be safe to re turn the 
animals to pas ture , but at 25 r per week a l l  anima ls would s urvive and 
c ou ld be hand led with safety . 

Animals d irec tly expos ed to fa l l out c an be washed or we t-brushed (but 
not dry-brushed) to remove externally depos i ted rad ionuc l ides if this can 
be d one wi thout danger to the husbandman . I f  ava i lab le , detergents and 
che lat ing or comp lexing agents can be used to advantage . Care mus t be 
t aken by anima l  hand ler s  not to inha le or inges t c ontamina ted dus t or 
s pray . 

9 . 4  Feed ing Prac tices 

Supp lementa l feed ing from uncontaminated rough forage s tocks can 
materially reduc e the da i ly d os e  of inges ted rad ioac t ive material when 
graz ing on c ontamina ted pas tures is necessary . If poss ib le , both s upple
men ta l  feed ing and l imi ted grazing time might be uti lized when no c over is 
avai lable and when the level of rad ioac t ivity is only modera te ly high or 
food res ources are limited . In extreme cas es and for short per iods of 
time , wi thhold ing a l l  f ood and wa ter can be res orted to . 
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9 . 5  Some Spec ial Pr oblems 

When mea t  process ing can be resumed under reas onab ly normal c ond i ti ons , 
the us ual washing and d iscard ing of ined ib le parts of domes tic anima ls ex
posed to rad ioac tive fa l l out wi ll  decreas e the tota l rad ioac tivity by s ev
eral orders of magni tude . There will und oubted ly be rad i oc ontamina tion of 
the process ing p lants , s o c ons idera tion mus t be given to protec tion of the 
worker . The skin and viscera of anima ls should be d iscarded in such a 
manner that rad iations from these s ources wi l l  not endanger the proc es s or . 

Cons iderab le technica l progres s  has been made in  the pas t few years 
c oncerning the removal of rad ios trontium from mi lk . Pilot mode ls of ion
exchange columns capab le of remov ing abou t  90 per cent of rad ios trontium 
from milk have been deve loped , but their use has been c onfined to  labora
tory exper iments . The utility of the ion-exchange proces s for c leans ing 
mi lk of rad ionuc l ides may depend upon ec onomic fac tors that are mos t im
portant . Disposal of radioc ontamina ted ion- exchange res ins can be a criti
cal problem if res ins , c onta iners , and transpor t  are in short supply . 

The c onvers ion of milk into such long- term produc ts as dry milk,  
cheese , but ter , e tc .  for storage has rece ived cons iderable attention and 
s eems a very favorab le way to decrease the rad iocontamination of short
l ived f i s s ion produc ts such as radioiod ine through rad ioac tive decay . 

It is no t expec ted tha t all  food - process ing plants can be operated 
with full  power or wi th suffic ient equipment f or preserv ing foods for 
future use . Moreover , it  is expec ted tha t trans por tation may be grea tly 

·decreased or d is turbed to the ex tent tha t food animals f or s laughter and 
nec es sary operating supp lies may not be read i ly ava i lab le at the process ing 
plant . It is for this reas on tha t it is vita l tha t me thods of pres ervi ng  
food at the farm or ranch b e  u t i l ized to make avai lable tha t s ource of 
protein in time of na tional emergency . 
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10 . RESEARCH NEEDS 

In prepar ing this documen t , lack of exper imenta l  evidence in certa in 
areas f orced us to make far-reaching extrapolations and intuitive gues ses . 
S ome of our c onc lus ions , therefore , may be far too c ons ervat ive . We 
b e l ieve that s tudy and research can provide the da ta necessary to make 
s ounder conc lus i ons , i . e . , conc lus ions les s l ike ly to resu l t  in overly 
c autious pol i t ical and operat ional  dec is ions that c ould impede recovery 
from nuc lear war . 

S ince we have not ana lys ed the current research programs , we cannot 
i nd icate where work should be ini tia ted or emphas is increased . In any 
c as e , however , we bel ieve tha t the following urgently needed informat ion 
shou ld be s ough t : 

10 . 1 Phys ica l Data 

Relationsh ip of us e ,  type , and s ize of nuc lear weapons to the s ize , 
compos i tion , d is tribu tion , and b iological ava i lab i l i ty of the fallout 
par t ic les on the ground and upon fol iage . 

Re lationship of the phys ical and chemical na ture of the par tic les to 
intes tina l  and pulmonary abs orp tion .  

Ways of produc ing s imu lated fal lout par tic les for me tabolic s tud ies in 
animals and in the ir f lesh and food produc ts . 

Relationship of ambient radiation from fal lou t  to the na ture of par ti
c le s  and pu lmonary and intes tinal abs orption .  

10.2 Biological Data 

Genera l information on the radiation response of land and wa ter 
anbnals suitab le for prote in res ources . 

Response of such animals to ambient exposures l ikely to be encountered 
in a fa l lout  f ie ld , i . e . , exponential  decay field . 

Respons e of such animals in a fa llou t  f ie ld to the added burden of 
internal exposure from consumed and me tabol ized rad ionuc lides . 
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Respons e of such anima ls in a fal lout field to the added burden of 
c onsumed but non-me tabol ized rad ionuc l ides . 

Respons e of such anima l s  in a fal lout  field to the rad ionuc l ides that 
fa l l  or collec t  upon ex ternal par ts of the body such as the back , ears , 
feet , etc . 

The tota l  res ponse of such animals to a l l  e f fec ts of fa l l out in a 
varie ty of c ircums tances . 

The tota l  response of such animals to  d irec t effec ts of fa llout in 
c onj unc tion wi th an al tered 'way of life " resulting from c ontamina tion . 

10 . 3  Defens ive Measures 

The effec tiveness  of added iod ine and other pharmac ologica l agents 
in the d ie t  in reduc ing rad ioiod ine in the milk of cattle . 

The e f fec tivenes s of var ious leve ls of d ietary calc ium and of other 
pharmac olog ical agents upon the rad i os trontium and radiobar ium in the mi lk .  

The e ffec tiveness  of laxatives in reduc ing the rad ioac tive e lements 
in the gas trointes tinal trac t .  

The effec tivenes s of various methods for removing rad ioac tive debr is 
from the hides of  animals , and how to carry out such an operat ion with a 
minimum exposure to the pers onne l involved . 

Procedures and equipment f or safe s laughter ing of c ontaminated 
animals , i . e . , wi th minimum exposure to the operators and minimum c ontami
nat ion of the meat . 

Inexpens ive me thods for home preservation of mea t and meat food 
produc ts . 

Farming prac tices that may reduce uptake of rad ionuc l ides by farm 
animals . 
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APPENDlX A 

BIOLOGICAL AVAILABTI.lTY OF FALLOUT 
IN RElATION TO rrs DISTRIBUTION* 

One of the f irs t prob lems that arises in defining the potent ial levels 
of e ither short-range or l ong- range hazards from rad ioac t ive fal l out is the 
d is pos it ion of the various radioac t ive e lements in the fall ou t  ma teria l . 
S ince the d ispos ition of the fiss ion produc ts and other rad ioac t ive e lements 
in fa llout is de termined very ear ly after a nuc lear de tonation occurs , it 
is  of interes t to review briefly the process of fall out forma tion as de
duced from measurements on and ana lyses  of var ious types of fallout . 

The rad iation inj ury to spec ific organs and tis sues wi l l  be related 
to the amount and the na ture of rad ioac tive mater ia ls inges ted and i t  will  
be  l imited by the biologica l  ava i labi lity of the rad ioac t ive e lements 
present in the fallout par tic les . One c an  make c ertain general izat ions , 
large ly based upon field s tud ies . S i l ica- laden detonations will  s erve as 
an example s ince they are our pr inc ipal s ource of information .  

(a) Near the point of detonation partic les wi l l  be large . 
The ratio of total radioac tivity to biological ly 

availab le radioac tivity will  be large . This means that the 
hazard from external whole-body irradiation will  be greater 
than from the inges t ion of fiss ion produc ts as one approaches 
the de tona tion point . 

(b) As one moves away and d ownwind from the point of deto-
nation , biological availability increases s o  tha t the 

ratio of the tota l  rad ioac tivi ty to biologically avai lable 
radioac t ivity becomes smal ler . At subs tantial dis tances 
the inges tion hazard may . predaminate . Biologica lly avai lab le 
f is s ion produc ts , though , may be c ons iderab ly less quanti
tatively because they are dispers ed over a wide area . 

(c) Als o ,  as one moves away from the point of detonat ion 
a profile of spec ific b iologically avai lable f iss ion 

rad ioisotopes is developed . 

In a nuc lear detonation near the surface of the ear th , s ame  soil  is 
vapor ized along with the contents of the weapon . In add ition , s ome  s oi l  
i s  me l ted and large amounts o f  s oi l  are pulverized . A s  the f irebal l rises 
and expands i t  c oo ls rapidly ; when the temperature falls to about JOOOO K 

* Based on ma terial prepared by Carl F .  Miller for the Stanford Research 
Ins ti tute Repor t : Fal l out  and Rad iological Countermeasures ( to be 
pub l is hed) . 
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or s o ,  s ome  of the more refrac tory subs tances such as aluminum oxide , iron 
oxide , and other such subs tances in the vapor phase w i l l  begin to condense 
into smal l l iquid oxide drops . Thes e  smal l  drops ( or par tic les) in turn 
s erve as condensat ion nuc le i for condensati on of refrac tor fiss ion-produc t 
e lements such as the rare ear ths , z irc onium, niobium, and others that would 
not otherwise condens e to form liquid drops by themse lves . However , this 
process  alone cannot account f or the large partic les found in fallout . Be 
caus e of the rapid fall  in temperature of the f irebal l  and the firebal l  
s ize , and becaus e o f  the low vapor c ontent i n  the f ireball  of c ondensab le 
subs tances , the larges t par tic les formed by this process  alone would be 
only of the order of 10  microns in d iameter . 

As the f ireball  rises , me l ted and / or pulverized s oi l  particles are 
drawn into the f irebal l  and , while the temperature of the f irebal l  is grea t
er than the me l ting point of the s o i l  these  par tic les wi l l  me l t  (at  leas t 
on their surfaces) . As these larger par t ic les sweep through the gas vo lume 
they scavenge great numbers of the smal l  vapor-condens ed drops ( or  par t ic les) 
as wel l  as furnishing more sur face for other , les s  refrac tory fiss ion
produc t e lements to c ondense on . Whi le the temperature of the f ireba l l  is  
in the temperature range where soil  minerals can exis t  in a l iquid s tate , 
the fallout par tic l e  formation or condensation proces s i s  charac terized by 
the exis tence of a liqu id in c ontac t with a condens ing vapor . Thus , a t  
each temperature , each e lement pres ent has some distribution between the 
two phases . E lements ( or their oxides or c ompounds) more refrac tory than 
the s oi l  w i l l  be f ound in the condensed phas e and those tha t are more 
volatile  w i l l  be concentra ted in the vapor phas e . When a s oi l  partic le 
leaves the reac tion zone or when the overal l  temperature of the sys tem fal ls 
below the me lting point of the s oi l , the partic les s o l idify and the c om
pos ition of the d is s olved c ondensates is frozen ins ide the par t ic les . If 
the above processes cons t i tute the f irs t per iod of c ondensation in fallout 
formation , and if this per iod is charac terized by the exis tence of vapor
l iquid phase equilibria , then the s ec ond period of c ondensation wh ich 
follows is charac terized by the exis tence of vapor and s o l id phases . 
Par tic les that enter the f irebal l after it  has c oo led to or be low the ir 
me lting points , and the s o l id i f ied par t ic les that are s ti l l  present , can 
condense on the ir surfaces only the frac t ions of the var ious e lements not 
already c ondens ed . 

Hence , the f irs t maj or dispos i tion of each radioelement in the proces s 
des cribed above is in the frac tion c ondensed ins ide of once-mel ted par tic les 
and the frac tion c ondensed on the outs ide of s o l id partic les . The frac tions 
are de termined ma in ly by : ( 1 )  the mel ting point of the s oi l ,  (2) the vapor 
or sub l imation pressure ( s )  of the c ondens ing spec ies , and (3) the time when 
par tic les of a given s ize enter and leave the reac tion v olume . The com
pos ition of the rad ioac tive e lements in the various partic le-s ize groups 
wi l l  determine the gamma- ray s pec trum and ionization-rate decay of the 
fallout arriv ing at a given location . The frac tion of each e lement fused 
into s i licate s oi l  par t ic les should not be water s o lub le or '�iological ly "  
available  (excep t  as a d iscre te glassy par t ic le) .  The only na tural 
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proces ses that could conce ivably make this frac tion biologically avai lable 
are s o l id- s tate d iffus ion and particle-surface eros ion ; both processes 
shou ld be extreme ly s l ow .  The frac tion o f  each e lement condensed on sur
faces of the partic les may become biologically avai lable to p lants and 
animals . The por tion of this frac tion that ac tually becomes available wil l 
depend to a large degree on the s ize of the par tic le itself and the environ
ment in which i t  finds itself . For example , the por tion of an e lement 
condens ed on the surface of small glassy partic les lying among c lay partic les 
could , in a rain , be washed from the g lassy par tic le onto the c lay par tic le 
and be s trongly ads orbed . On the other hand , if these partic les fell on 
veg e tation later eaten by animals the same portion c ould be dissolved by 
the d iges tive j uices and pass ed into the body fluids . The frac tion of the 
same e lement ins ide the glass  par t ic les wou ld s tay wi th the par tic le in i ts 
pas s age through the gut . 

The ttme sequence of events in the f ireball-condensati on processes 
dur ing the fireball rise and c loud formation is very important in de ter
mining the trend in the fa llout-par tic le properties wi th par ticle s ize or 
downwind dis tance from ground zero . In detonations where a large amount of 
fa llout is formed , the column of par tic les is c lear ly seen to enter the 
ris ing fireball  from the bottom. In this process ,  the par tic les c irculate 
through the reac tion zone . The larger partic les become s egregated firs t 
because of centrifugal forces in the circulation and because of larger 
gravitational forces on them when the c irculating air current exerts force 
on them to re-enter the fireball from the bottom . The resul t is that the 
larger par ticles move to the outs ide of the fireball , are accelerated down
ward around the periphery of the fireba l l , and do not re- enter the fireball . 
One of the results of th is toroidal- type c ircula tion of the fireball and 
the surround ing air is an initial "dumping" of large partic les when the 
c irculation s tarts up ( or  very soon thereaf ter) , produc ing high leve ls of 
fallout j us t  downwind of ground zero in a rather narrow band . The second 
result is tha t these large partic les are the mos t depleted in volatile 
elements and have re latively few or no e lements condensed on their surfaces .  
As the rate of rise of the fireba ll ( or  c l oud) decreases and the circulation 
fa l ls off , the par tic les thrown out or down by the c irculation and pulled 
away from the bottom of the c loud by grav i ta tiona l  forces become smaller 
and smaller . Hence , the very smal l  par tic les should carry the larges t  frac
tion of biologically available e lements and the biologica l ly avai lable 
e lements are those that have , as precurs ors , e lements that are the mos t 
volatile at the time when the melted s o i l  particles s ol idify . This is 
c ons is tent with the observed fac t that wor ld-wide fal lout is biologically 
available and very c lose- in fallout is not . 

The whole process in the formation of the fallout par ticles , in which 
each s ize group has a charac ter is tic c ompos it ion of rad ioelement& fus ed 
within the par tic les and on their surfaces , is one in which the combination 
of s oil  melting point (and compos ition) , rate of temperature decrease wi th 
time of the fireball , volatility of the rad ioe lement& , ra te of fireba l l  
(cloud) rise , toroidal c irculation in the firebal l ,  fal l  rates of particles , 
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and wind ve l oc i t ies ac t toge ther or in sequence to de termine the b iologic a l  
hazards o f  fa llout and the biologica l ava i lab i l i ty o f  any one rad ioe l ement 
at a given location in the fal lout area . 

A general d iscuss ion of the quanti tative deriva tions for the proc e s s e s  
described above is given elsewhere . * The derived es t imating me thods are 
i l lus trated here by a summary of s ome computations of the properties of the 
fal lout from a 15-MT-yield land- surface exp los ion . The as s umed c ond i t i ons 
for this de tonation inc lude : ( 1 )  The s o i l  forms g las s partic les which 
s o l id ify a t  about 140oP C ;  (2) the wind s peed is 15 mph at a l l  a l t i tudes ; 
and (3) the frac tion of f is s ion for the weapon is 0 . 5 . 

In the model of the fa l l ou t  proces s , the par tic les with approximately 
equal diame ters are grouped acc ord ing to the ir fal l-ve l oc i ty vec tors 
(called par tic le-s ize des ignators , a) def ined by 

X 
a • - · -

h 
( 1) 

in which vw is the wind ve loc i ty vec tor , v, is the par tic le- fa l l -vel oc i ty 
vec tor from i ts height of or igin , h ,  to the ground a t  the downwind d is tance , 
X ,  from the point of or ig in .  When h is the he igh t of the center of the 
c loud (at 6 to 8 minu tes af ter detonation) , i t  is  des ignated as ho and the 
par t ic le- s ize des ignator is a0 • The par tic le groups des ignated by a0 are 
assumed to represent the median par tic le-d iame ter of those land ing at the 
downwind d is tance , X .  

E s t imates of the particle-s ize des igna tors , med ian partic le-diame ters 
(d8 ) ,  and minimum and maximum d iameters (dmin and dmax , respec tive ly) of 
the par tic les land ing a t  downwind dis tances from 12 to 590 mi les from the 
as sumed 15-MT-yie ld de tona t ions are given in Tab le XII . The par tic le- s ize  
compos itions a t  loca tions away from the fal l out- pa ttern center- l ine ,  say at  
a point X,  y ,  where y is the cros s -wind d is tance from the center l ine , 
would have the same median par t ic le-diameter ( d. ) for a g iven value of  X ,  
but the va lues of dmin and dmax would converge towards d8 as y increased . 
The es t ima ted values of the par tic le d iame ters were calcula ted from dynamic 
fall-ra tes through a "s tandard " atmosphere , and do not inc lude inf luence 
of up-drafts in the air - f l ow  or the pos s ib le effect of prec ipita tion in the 
lower a l t i tudes . 

* See footnote App . A , p . 47 .  
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Table XII 

Summary of Estima ted Values of Median Par tic le-Size Des ignator , Median 
Par ticle-Diameters , and Minimum and Maximum Diame ters of Partic les at  
Several Downwind Dis tances from a 15-Ml-Yield Surface Detona tion Along 

the Center- Line of the Fallout Pattern 

ao X v, � dmin dmax 
(miles) ( f t/sec) (microns ) (microns) (microns) 

0 . 780 12 2 8 . 2  7 10 240 1 100 
1 . 236 19 17 . 8 450 206 1000 
2 . 406 37 9 . 14 237  160 800 
2 .  992 46 7 . 38 198 144 460 
3 .  837 59 5 .  74 163 129 268 
4 . 487 69 4 . 90  145 120 2 11 
6 . 18 95 3 . 56 116 101 145 
9 . 10 140 2 . 42 90 78 108 

13 . 01 2 00 1 . 69 74 64 99 
2 1 .47  330 1 . 02 5 7  49 68 
2 9 . 92 460 0 . 735 48 42 56 
3 8 . 36 590 0 . 5 74 43 38 48 

Note : Vw • 15 mph • 22 . 0  f t/sec ; ho • 81 ,200 f t  • 15 .4 mi les 

Next to be cons idered are the s tandard intens ities ( in r/hr at 1 hr) 
from the par ticles along the pattern center- line and the number of poten
tially s oluble atoms of various rad ionuclides in the fallout . The 
d i fferent parameters involved in the re lati onship between these two 
quanti ties are given in the equa tion 

in which 
* 

N: (A) • YA [r: (A) rq (A) ] 1{1) (atoms /sq f t) (2)  

� ( 1) 

Nb (A) is the number of atoms , correc ted to zero time ,  of the end-
member of  mas s - chain A that are condensed on  the outs ide of  the partic les 
designated by a ; 

YA is the fiss ion yield of mas s A in atoms /fis s i on ;  
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* 
ra (A) is the gros s frac tion of the e lement ( or mass -chain)condensed 

wi thin and on the exterior of particles up to the s ta ted s ize des ignation ; 

ra (A) is the frac tion of the e lement ( or mass - chain) condensed with
in the g lassy ma tr ix of partic les ; 

I( l) is the s tandard intens i ty ,  in  r/hr a t  1 hr , where the partic les 
land ; and 

K ( 1) • 3 . 90xlo-13 [ ra ( 1) + 0 . 02 J (r/hr at  1 hr ) ( 3) a 
( fiss ions /sq f t) 

in which the cons tant , 3 . 90xlo-13 , is a c onvers ion fac tor from fiss ions /sq 
ft to r/hr at 1 hr at  3 ft above a smooth p lane (cons ider ing all the 
gamma-ray abundances and energ ies)  for unfrac tionated fiss ion products 
from 8-Mev neutron fiss ion of U-238 and which inc ludes reduc tion fac tors 
of 0 . 75 for terrain a ttenuation and 0 . 75 for ins trument response ; ra ( 1) 
is the es timated 1-hr gros s frac tionation number f or the fiss ion-produc t 
mixture carr ied by the par tic les des ignated by a ; and the value 0 . 02 
accounts for the c ontribution of a nominal  amount of induced ac tivit ies . 

The es timates of the values of the various parame ters of Equations 2 
and 3 for severa l d ownwind dis tances from the assumed 15-Mt-yield explos ion 
are given in Table XIII . At dis tances les s than 11  mi les , the es timates 
g ive �(A) values equa l to zero . In other words , the larger par tic les 
fall ing wi thin 11 mi les of ground zero carry only radioelement& fused 
ins ide the g las sy ma trix of the par tic le . In the model , thes e larger 
partic les are calculated to be e j ec ted from the c irculating fireball  while 
they are s t ill  in the molten s tate . Simi lar calculations can be made for 
other nuc l ides such as s trontium(y ttrium) - 9 1 , ru thenium(rhod ium) - 1 03 , 
ruthenium(rhod ium) - 106 , Ces ium(barium) - 137 , bar ium( lanthanum) - 140 , 
cerium- 141 , and tel lurium( iod ine) - 132 , - 133 , - 135 .  

* 
The data in Tab le XIII show a maj or peak in the N0 (A) values between 

50 and 150 mi les d�nwind from the point of de tonation . I t  may be no ted 
that the ratio of Nb (A) to I(l)  varies wlth the partic le d iameter or down
wind dis tance . Als o  the ratios of the N0 (A) values vary with the downwind 
dis tance . 
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\.11 
"" 

I(l) 

'fable XIII 

Es timate of Surface Depos i t i on  of Potentia l ly Soluble Amounts of Sr89 , Sr90 , and Il31 
as a Punc tion of Dowawiod Dis tance and Pal l out-Pattern Center S tandard Intens i ty .  

X * * * 

(r/hr at 1 hr) (mi les ) 
ra( l) ra(89) ra(90) ra( l31) •:( 89) 

(atama /s!l f t) 
.:(90) 

�a tama /s!l ft) - -- ---

0 1 1  0 . 34 0 . 02 0  0 . 16 0 . 016 0 . 0  0 . 0  
5 , 000 12 0 . 40 0 . 032 0 . 23 0 . 033 1 . 2x1018 7 . Sx 1 01 8  

so 1 9  0 . 69 0 . 22 0 . 80 0 . 76 1 . 2x 101 8  4 . 3x101 8 
so 3 7  0 . 72 0 . 33 0 . 90 0 . 95 1 .  7x 1 01 8  4 . 8x1 01 8  

s o o  46 0 .  7 3  0 . 4 7  0 . 96 1 . 0  2 . 4xl013 s . lx l 01 3  
5 , 000 59 0 .  74 0 . 60 0 . 98 1 . 0  3 . 2x101" S . 2xl01" 
5 , 000 69 0 . 74 0 . 64 0 . 9 86 1 . 0  3 . 4x101" 5 . 1x10a 
3 , 15 0  95 0 . 75 0 . 6 7  0 . 989 1 . 0  2 . 2x101" 3 . 2xl01" 
1 , 350 140 0 . 76 0 .  71 0 . 99 1  1 . 0  1 .  OxlOl " 1 . 4x101" 

soo 2 00 0 . 76 0 . 74 0 . 993 1 . 0  3 . 8x10l� 5 . 0xlOl 3  
so 330 0 . 77 0 . 77 0 . 996 1 . 0  3 . 8x101 8 S .  Oxl01 8 

s 460 0. 78 0. 78 1 . 0 1 . 0  3 . 9xl01 1 S . Ox1011 
o . s  590 0 . 7 8 0 . 79 - 1 . 0  1 . 0  4 . 0xl01° 4 . 9x101° 

Note : ra(89) • 0 . 02 0 ;  Y8 8 • 0 . 0317 atama / fiss i on  
ra( 90) • 0 . 16 ; yeo • 0 . 037 a tama / f iss i on 
ra( l31) • 0 . 016 ; I131 • 0 . 032 atama / fiss ion 
Weapon Yield • 15-Mr ; Wind Speed • 15 mph ; Prac tion of Pis s i on • O . OS 

.:( 131) 
(atama /sq f t) 

0 . 0  
1 .  7x1 01 8  
3 . 0x101 8 
4 . lx 101 8 
5 . 1x l013 
5 . 4x 1 01 " 
S . 4x101" 
3.  2x101" 
1 . 4xl0l" 
5 . 2x1013 
5 . 1x l 01 8  
s .  Ox101 1 
S . Oxl01° 
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Next ,  cons ider the re tention of the fal l out par tic les on foliage that 
may be eaten by animals and in which the amounts of the N:(A) inges ted are 
d iss olved in the s tomach acids and are subs equently depos i ted in var ious 
body organs . (It  may be noted that the amoun ts of the nuc l ides c ompu ted 
from the t ime ,  YAra (A) I( l) /�( 1) , of Equation 2 would not be dissolved and 
would c ontribute only to  the dose to the gut) . The fol iage-contamination 
rela tionships are def ined by 

* * N, (A) "' � (a) wL Ha (A) a tams / f t2 (4) 

in which 

* N, (A) is the number of atoms of the e lement  of mas s-chain A retained 
on the fol iage per s q  f t  of s o i l  area ; 

� (a) is the c ontamination fac tor in number of fiss ions on the f o liage 
per gram of dry fol iage d ivided by the number of f i s s i ons per s q  ft of soil  
area ( in the par t ic les fal l ing at the locati on) ; and 

wL is the number of grams of dry fol iage per sq ft of s oi l  area . 

In Equation 4 ,  the produc t ,  � (a) wL , is the frac tion of the fallout 
re tained by the fol iage . The quant ity , wL , is an independent var iable 
g iving the sur face dens i ty of the fol iage for a g iven forage crop . The 
quant i ty , � (a) , represents the retention potent ia l  of a given type of 
fol iage for retaining par t ic les with the diame ter des igna ted by a .  Data on 
the fallout re tention by forage crops such as alfalfa , c lover , wheat , and 
mixed gras s , which were obtained from measurements near the Nevada Tes t 
S i te ,  were used to de termine the dependence of � (a) on a .  The re lation
ship found was 

� (a) = 9 . 5xHT"6 (a0 - 0 . 34) ; as 0 .34 . (5) 

Equation 5 ,  adj us ted to a0 values for a 15-mph wind speed , represents 
the obs erved data on the four types of fol iage to better than 10 per cen t .  
The observed values o f  wL from which the da ta were derived varied from 5 
to 40 g of dry fol iage per s q  ft . The observed values of � (a) were 
obtained for a0 values up to about 40 (equivalent to par tic le s i zes of 
about 40 microns as shown in Table XII) . 

* Va lues of � (a) , � (a)wL , and N, (A) are g iven in Table XIV for wL • 2 0  
g dry fol iage /sq  f t .  The es timated frac tion of the fallout par tic les 
re ta ined by the fol iage varies from about 0 . 08 per cent  at 12 mi les to 
about 7 per cent at 590 mi les . However , the peak in the absolute amounts 
of fallout retained is at a downwind dis tance of about 70 mi les on the 
fallout-pattern center - line .  
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X 

Table XIV 

Summary of Es timated Values of N�(A) for a Foliage Dens i ty of 20 Grams Dry 
Fol iage per sq ft at Several Downwind Dis tances from a 15-Hr-Yield 

Surface Detonation (Wind Speed • 15 mph) 

(a) � � (a) WL N:( 89) N:(90) N:( l31) 
(miles ) (fiss ions £� (atoms /s q  ft) (atoms / s q  ft) (atoms /s q  ft) 

( fiss ions ££ }  

12 4 . 19xl!r6 8 . 38xllr4 8 .  SxlOS 6 . 3xl0S 1 .4x10S 
19 8 . 52xllr6 1 .  70xllr3 2 . 0xl0" 7 . 3x 10S 5 . lx lOS 
37 1 . 96xlo-• 3 . 92xlo-3 6 .  7xl0" 1 .  9xl01° 1 . 6xl01° 
46 2 . 52xllr4 5 . 04xlo-3 1 . 2x101 1  2 . 6x101 1  2 . 6x101 1  
59 3 . 32x lo-4 6 . 64xl(J3 2 . lxl013 3 . 5xl013 3 . 6x 101 3 
69 3 . 94xlo-4 7 . 88xlo-3 2 .  7x101 3 4 .  Oxl01 3 4 . 3x 1 01 3  
9 5  5 . 55xlo-4 l . llxllr3 2 . 4xl01 3 3 . 6xl01 2 3 . 6xl013 

140 8 . 22x 1o-• 1 . 64xlo-3 1 . 6xl01 3  2 .  3xl01 3 2 . 3xlQ13 
200 1 . 2 0xlo-3 2 . 40xlo-3 9 . lxl01 1 1 . 2xl01 3  1 . 2x1013 
330 2 . 01x l(J3 4 . 02xl0""3 1 . 5x 101 1 2 . Oxl01 1 2 . Oxl01 1 
46 0 2 . 8lxlo-3 5 . 62xl!r3 2 . 2xl01° 2 . 8xl01° 2 . 8xl01° 
590 3 . 6 1Jr:l(J3 7 . 2 lxl(J3 2 . 9xl0S 3 . 5x10S 3 . 6x10S 

Note : WL • 20 g dry fol iage per sq ft of soil  area ( column 3) . 
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APPENDIX B 

MULTIPLYING FACTORS FOR. PERMISSmLE CONCENTRATIONS 
Explana tion for Table X 

The following data and formu lations were cons idered in making the 
evaluation found in Table X .  

The values uti lized for vege ta tion consumed or a ir brea thed by animals 
are given in Tab le XV. The values for vegeta tion are based upon water con
sump tion .  This wi l l  apply to an anima l on uncontamina ted dry feed and c on
suming c ontamina ted water or grazing on contaminated succulent pas turage 
and dr inking contaminated water . If the animal were consuming contaminated 
dry feed and uncontamina ted water the values in Tab le X would be about nine 
times greater . 

The cr itical anatomical data for domes tic anima ls , together with feed , 
wa ter , and air intake , are also  found in Tab le XV .  

Table XV 

Anatomical ,  Phys iolog ical , and Intake Data on Domes tic Animals* 

Dairy cattle Beef cattle Sheep Swine 

Body we ight 
(kg) 500 450 70 200 

Musc le mass 
(kg) 160 180 24 85 

Thyroid weight 
(g) 30 25 8 15 

Bone mass 
(kg) 60 45 7 16 

B lood volume 
( l iters)  35  30 5 . 5  10 

Dai ly water intake 
on dry feed ( liters)  80 60  4 15 

Minute volume 
( li ters /min) 90 80 6 15 

Dai ly feed intake 
(kg) 

dry 9 8 2 4 
green 60 50 6 6 

* Same values are maximum rather than average figures (e . g . ' green feed 
intake) . 
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Ass umptions : 

1 .  Average dai ly mi lk production of u . s .  cows is approximately ten 
liters . 

2 .  Daily intake value of dry feed lis ted in Table XV is for the time 
of year when pas turage is neg ligible . 

3 .  Cattle on dry rat ions may be given two thirds of the dry feed 
value lis ted , supplemented by 10- 15 kg of s i lage per day . 

4 .  Green feed i s  the amount of succulent pas turage inges ted by a 
graz ing animal . 

Avai lable data on rad ionuc l ide c oncentra tions were re lated as follows , 
with A s tanding for concentra tion in animal ' s  intake , and M for concentra
tion in man ' s  intake : 

Case A.  Ratio (or mult iplying fac tor - R) of A to M for water 

The concentration c oeffic ient (Cc) is the ratio of the frac tion of 
adminis tered dose retained in the tissue to the frac tion the tissue is of 
the body weight , 

if Qa • �c of dos e  in animal ' s  water intake per day or per event , 
� • �c of dos e  re tained in critical organ or t is sue of animal , 
Kt, • lCg of total  body weight of animal , and 
Kt • lCg of critical organ or tissue of animal , 

� 

( 1) 

and • Kt 
= }\, ,  the concentration in water (meat ,mi lk) for man . (2)  

Let Qe • c oncentra tion in animal ' s  wa ter (Aw ) times Fwa • the water c on
sumed daily by anima l , i . e . , Qa � Aw x Fwa • then by subs t i tuting in 
Equation (2)  

A.., x Fwa 
X CC • Mw 

Kt, 
(3) 

and 

1., Kb 
• R - ·  

Mw CcxFwa 
(4) 
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Cas e B .  Ra tio (or mul t iplying fac tor - R) of A to M for air 

If � = the �c of rad ionuc l ides tha t man is permi t ted to inges t or 
brea the dai ly , 

then , 

and , 

Fam a man ' s  da i ly air intake , and 
Fwm = man ' s  dai ly water intake , 

Mw 
� • p:: wm 

!f.a X Fam 
s ince 

� .. Ma x Fam ' Mw • Fwm 

(5) 

9 X 103 X lfa (6)  

S ince c oncentrations of  rad ionuc l ides rec e ived from air and from water 
are propor tional to dai ly intakes of a ir and of wa ter , 

Mw from Equation 6 ,  'M • -- and therefore , · -a 9xl03 ' 

Aa • 
9 x 103 

Ma Faa x Cc 
"' R  

Cas e C .  Ra tio ( or mu l tiplying fac tor - R)for total dai ly intake : 
anima l - man 

Combining Equations 5 and 8 and taking Qa • Aa x Faa • 

58 

( 7) 

( 8) 

(9) 

(5) 

( 1 0) 

Copyright © National Academy of Sciences. All rights reserved.

Damage to Livestock From Radioactive Fallout in Event of Nuclear War; a Report
http://www.nap.edu/catalog.php?record_id=18486

http://www.nap.edu/catalog.php?record_id=18486


Since Fwm � 2 . 2 l i ters /day , then 

Qa = � = R (not given in Tab le X) 
� 2 . 2Cc 

( 11)  

Relevant values for the fac tors us ed in the above equations are given 
in Tables XVI and XVII . 

Tab le XVI 

I 
Air and Water Consump tion of Animals Re lative to Body Weight 

CBody weight in kg ; air and water volume in l i ters ) 

Animal 

Dairy cow 
Bee f cattle 
Sheep 
Swine 

Man 

Body 
we ight 

kg 

5 00 
450 

70 
2 00 

70 

Bod:Jl we ight Bod:x we ight 
Daily air vo l .  anima l Dai ly water vol . 

(�a) (;;) 
4 X 1(1"3 6 
4 X 1(1'"3 8 
8 X 1(1'"3 18 
9 X 1(1'"3 13 
3 . 5  X 1(1'"3 32 

59 

animal 

Copyr ight  © Nat ional  Academy of  Sciences.  Al l  r ights reserved.

Damage to L ivestock From Radioact ive Fal lout  in  Event  of  Nuclear  War;  a Report
ht tp: / /www.nap.edu/cata log.php?record_id=18486

http://www.nap.edu/catalog.php?record_id=18486


Table XVII 

Expertmenta l Values for Concentration Coeffic ients (Cc) for the Cow 

�c re tained in tis sue Kg of body we ight 
c • X c Kg of tissue �c of daily dose  

Day Tis sue 113 1 Srgo Csl 37 

Prolonged consumption 

Musc le 1 . 8  0 . 15 8 
Mi lk 9 . 0  1 . 0  5 
Liver 3 . 6  0 . 15 8 
Kidney 3 . 6 0 . 15 8 

S ingle c onsumption 

1 Musc le 0 . 32 0 . 09 
Mi lk 1 . 5  0 . 60 1 . 5  
Liver 0 . 64 0 . 09 
Kidney 0 . 64 0 . 09 

5 Musc le 0 . 10 0 . 015 0 . 7 
Milk 0 . 50  0 . 09 0 . 5  
Liver 0 . 2 0  0 . 015 0 . 5  
Kidney 0 . 2 0  0 . 015 0 . 9  

10 Musc le 0 . 06  0 . 005 0 . 8  
Milk 0 . 30 0 . 03 0 . 3  
Liver 0 . 12 0 . 005 0 . 3  
Kidney 0 . 12 0 . 005 0 . 4  

20 Muscle 0 . 025 0 . 002 0 . 5  
Mi lk 0 . 13 0 . 015 0 . 2  
Liver 0 . 05 0 . 002 0 . 2  
Kidney 0 . 05 0 . 002 0 . 2  
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Iodine- 131 

APPENDIX C 

ESTDfA.TION OF THE ADDED HAZARD TO LIVESTOCK 
FROM C<lfS'llmD FISSION PR.OOUCTS 

Calculations wi l l  be given which show the pos s ible magnitude of the 
doses to the thyroid and to the total body from oral ly c onsumed i od ine- 13 1 . 

The people exposed in the Marshal l Is lands were es timated to have had , 
at the end of the firs t day , 6 .4 to  11 . 2  �c of iodine- 131  in their thyroid 
glands . The thyroid burden of iodine- 131 in the swine is not known , but it 
wil l  be assumed to have been 100 times greater* , i .e . ,  640- 112 0 �c per . 
gland . The average for this is 880 �c per g land or 59 �c per gram in a 
15-gram thyroid . We have es timated in this document tha t the infinity dos e  
t o  the thyroid i s  approximately 100 rads per microcur ie per gram o f  thyroid . 
The infini ty dos e  to the swine thyroid in the Marshal l  Is lands therefore is 
estima ted to be about 5900 rads . The ablation dos e  for most food animals 
of interes t is 7 0 , 000 rads or greater . The dose the Marsha l l  Is land 
anima ls rece ived was we l l  be low that leve l , the tota l -body dose being 
es timated on the average at 32 0 r (2 80- 36 0r) in the same period of time . 
Thus , even if the whole-body dos e  was increas ed to 1000 r ,  a 100 per cent 
fatal exposure , the d os e  to the thyroid would be under 1 8 , 000 rads . 

In order to es timate the addit ional contr ibution that the c onsumed 
iodine - 131 makes to  the external tota l -body exposure , we have made another 
es timation .  The total-body burden (exc lud ing the thyroid) can be ass umed 
to be four times as great as tha t of the tota l thyroid burden , i . e . , 3500 �c . 
Assuming that the swine we ighed 25 ki lograms , there was an average whole
body c oncentra tion ( exc luding the thyroid) of 141 �c per ki logram weight . 
We have es timated tha t there are 0 . 03- 0 . 05 rads exposure per microcurie 
per kilogram of body weight . The added dose rec eived by the swine was 
therefore estimated to be 4 . 2 - 7 . 0  rads to the total body . Thes e es timates 
are probably high , but probably are not more than two orders of magni tude 
higher than will be found under emergency cond itions . 

* This f igure was se lec ted because i t  is about the larges t  d ifference tha t 
has been observed be tween humans and graz ing animals ge tt ing the same 
rad ioiodine exposure from fallout . No d irec t measurements were made on the 
Marshall  IS land swine . 
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Another me thod of es timation c ons iders the theoretical nature and 
d is tr ibu tion of the fa llout and how it is me tabol ized . Firs t the thyroid 
dose : 

The produc t of the fol lowing is de termined : 

1440-�c /� of Gross Fiss ion Produc ts (GFP) del ivers 1 r /hr a t  H+l day 
a t 1 me ter 

0 . 01 - percentage ( 1%) of the GFP that is i odine- 131 , 
60  - s quare me ters of pas ture herbage c onsumed per day , 

. 05 - percentage ( 5%) re tention of i od ine- 131 on pas ture gras s , 

. 2 0  - percentage (20%) of iodine- 131 going to the thyroid , and 

which is then divided by 

15 - we ight of a ma ture swine ' s  thyroid in grams ; 

whi ch g ives 

0 . 5 76 - �c per gram of thyroid when the fa l lout field is 1 r/hr a t  
H+l day . 

The es timated dose for Marsha ll  Is land swine was about 32 0 r in 5 0  days ; 
fal l out  arrived a t  an es timated 10 hours . The back- extrapolated dose a t  
H+l day would b e  about 1 75 r /hr ; therefore 0 . 5 7  x 1 75 = 100 �c /g o f  thyroid . 
Again assuming tha t the infini ty dose to the thyroid is 100 rads per �c /g , 
the dose to the thyr oid under these c ircums tances would be 10 , 000 rads . 
This should be c ompared with the es tima te of  5900 rads previous ly made . 

S imi lar s teps in ca lculation can be made f or the es timation of the 
tota l -body dose t o  the swine from iodine- 131 , except that the value of 
80 per cent is used for tha t dis tr ibuted throughout the body and the weight 
of the animal is c ons idered to  be 25 ki lograms . Thi s gives an es t ima te of 
24 microcur ies per ki l ogram of body weight . Again assuming 0 . 03 - 0 . 05 rads 
total-body exposure per microcurie of iod ine- 131  per ki logram of body 
weight , va lues ranging from 7 . 3- 12 rads are obtained . These are in 
approximate agreement wi th the va lues obtained in the previous calculati on .  
These data there fore als o sugges t tha t even the highes t es timated doses  to 
the thyroid or the body of the anima l  are not , in mos t  cases , a cri tical 
add i tional radiation burden .  Only at the higher exposures is there a 
probab i l ity of death or s erious inj ury due to the added burden . 

S trontium- 89 and Bar ium- 140 

The next mos t s ubs tantia l contributors to the d os e  of radia tion to 
the body or its spec ific organs are s trontium- 89 and bar ium- 140 . They can 
be c ons idered together s ince they are most heav i ly c oncentra ted wi thin the 
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c a lc ium sa lts of the bones . In order to de termine the burden on s trontium- 89 
wi thin the body s truc ture , a procedure is followed that is s omewhat s imi lar 
to that used for the de termination of i od ine- 131 leve ls for swine , i . e . : 

The produc t of 

1440 - gross Fiss ion Produc ts (GFP) in �c /� de l ivering 1 r/hr a t  H+l 
day , 

2x1Qr3 - frac tion of GFP as s trontium- 89 , 
0 . 05 - percentage (5%) of frac tion of GFP retained upon herbage , 
6 0  - s quare me ters of herbage consumed per day , and 
0 . 01 - percentage ( 1%) of s trontium- 89 going to the bone which gives 
0 . 0864 �c of s trontium- 89 in the ske leton .  This product is then 

d ivided by 
7 x 103 - grams of bone in the skeleton of a 7 0  kg pfg which gives 

0 . 0124 x 1Qr3 �c of s trontium- 89 per gram of bone when the 
ambient ex ternal rad ia tion dose is 1 r /hr at H+l day . 

In the current l i tera ture there are two es ttmates tha t re late the rads 
rec e ived by the tota l ske leton to the burden of s trontium- 89 . One es timate 
is tha t  the dose to the skele ton is 5 rads from s tr ontium- 89 and barium- 140 
per microcurie of s tront ium- 89 skeletal  burden ; the other , 0 . 5  rad per 
micr ocurie . The firs t case results in a skeleta l  dose  of 0 . 003 rad per 
day , the o ther in 0 . 0003 rad per day , at 1 r /hr at H+l day . 

Another es ttmation of the integrated dos e  from a be ta ray emi tter 
(Rad iological Heal th Handbook , 1954 , p .  5 0) is as fo l lows : 

The produc t of 

88 - a mu ltiplier c ons tant 
0 . 55 - average energy of s trontium- 89 beta rays (mev) 

52 
. . TJ x Tb 

- effec t1ve hal f  l1fe  in days , i . e . , TJ + Tb 
(TJ is ha lf- life ; 

Tb is biologica l ha lf- life of s trontium- 89) 

0 . 0 124 x 1Qr3 - microcur ie of s tront ium- 89 per gram of bone , and 
- ;\effx t  

0 . 1 7 1 - 1-e  ; (Aeff is the effec tive decay c ons tant • days -l ; 
t • days 15) , is equal to 

0 . 00534 rads to the ske leton in 15 days when the ambient radia tion is 
1 r/hr at one hour af ter de tonation . 

The las t evaluat ion , 0 . 000356 rad per day average , may be an over
es t imate because it does not take into acc ount the decay of s trontium- 89 on 
the herbage , or the was ted rad iat ion del ivered to the anima l ,  which in
creas es each day af ter the f irs t day unt i l  it is a subs tantia l proport i on 
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by the 15 th day . It a ls o  does not take into account the added c ontr ibuti on 
of bar ium- 140 , which is probab ly s omewhat les s than 1/ 10 tha t of s trontium- 89 . 
Desp i te this , the es timate is in good agreement wi th the l ower es timate g iven 
above , i . e . , 0 . 5  rad to the ske le ton per �c of bone burden of s tront ium- 89 , 
which makes the ske leta l  dose about 0 . 0003 rad per day from s trontium- 89 and 
barium- 140 equiva lent t o  1 r/hr a t  H+l day . Therefore , such an exposure 
wi l l  not be an important fac tor in determining the fa te of grazing animals 
af ter radiation exposure . 

The radiation dose to the tota l  body a ls o  has been calculated , bu t the 
es timated dose is two to three orders of magni tude less  than that to the 
bone , and therefore  has been c ons idered inconsequential . 

It shou ld also  be noted that the maximum permiss ib le c oncentrat i on 
(NBS Handbook 69) for s tr�ntium- 89 in bone for occupational exposure of man 
is 4 �c . Compare tha t value wi th the es tima te of 0 . 0864 �c at 1 r/hr at 
H+l day . It would require an exposure of 46 r at  H+l day to produce a body 
burden equa l to the maximum permis s ib le c oncentra tion for occupat iona l  ex
posure of man . An exposure of tha t magnitude would be an apprec iable dose 
for any domes tic anima l . One may cons ider the ske letal burden of 
s trontium- 89 of swine in the Marshal l  Is lands with an average total-body 
exposure of 32 0 r .  When measured on the 82nd day , 23 and 26 ki l ogram pigs 
had total skeletal s tront ium- 89 burdens of 2 . 5  and 2 . 3 ��c , respec tive ly . 
It is difficult  to bel ieve that s uch an exposure , even if it were propor
tionately - increas ed to the expec ted level for LD 100 external exposure , 
wou ld be a s ignif ican t fac tor in l imi ting the surviva l of domes t ic farm 
anima ls . 

Several ass umptions tha t are not a t  f irs t obvious have been made which 
tend to make thes e es timates uncer tain . The f irs t is tha t fal l out  is 100 
per cent s o lubl e  and therefore can be c ompletely as s imilated . This is not 
true (note Append ix A) ,  but an acceptable percentage cannot be s e t  because 
of uncer tainties regarding when , where , and how a weapon is de tonated . There 
is also  no unanimous opinion with res pec t to the re tention of fa llout upon 
pas ture gras ses and other herbage . Es timates range from 1-25 per cent 
re tention , with the excep tion of the 40 per cent Windsca le exper ienc e . For 
many of the calculations in th is document a va lue of f ive per cent has been 
chos en . It  is probably high for retention of large , part icu late fa l l out . 
Another assump tion is tha t the radia ted anima l will  c ont inue to eat its 
cus tomary amount of food . This is obvious ly not to be expec ted . It is  
probab le that anima ls receiving lethal or above- letha l tota l-body exposures 
may have much less of the me tabol ized f i s s ion produc ts in the ir mea t ,  organs �  
or mi lk than would be expec ted > because of loss  of des ir e for food and 
inab i l i ty to mus ter the energy required to seek food and water . 
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APPENDlX D 

C(I{PUTATION OF I13 1 DOSE TO TlmlOIDS OF ADULTS AND CHILDREN 
FR.(Jf DRINKING MILK FOLLOWDIG NUCLEAR ATJ:ACK 

The es timating func tions given in Append ix A can be us ed to calculate 
the c oncentration of the radionuc l ides in mi lk from c ows tha t might graze 
on contaminated fol iage . Of cours e , a t  the dis tances where the fal lout is 
heavy , unprotec ted ca ttle would be expos ed to lethal levels of rad iation .  
Als o , a t  s ome of the s l ight ly lower levels , a husbandman would not be ab le 
to take care of animals for s ome time wi thout expos ing hims e lf to more 
rad iation than is tolerable . 

The calcula ted exposure doses at  s evera l locations on the fallout
pa ttern center - l ine are given in Tab le XVIII . The exposure doses  were 
calculated by us e of a "frac tionated" fiss ion produc t decay curve . 

TABLE XVIII 

Exposure Dos es on Fal lout Pattern Center-Line 

I( l)  
-

Da (t + 7d) I(t) I(t + 7d) X t 
�r lhr a t  1 hr) �miles) �hours) �r oentsens) �r lhr) �r lhrl 

5 00 46 3 . 07 1 ,42 0 103 1 . 04  
5 , 000 59 3 . 93 13 , 100 790 10 . 3  
5 , 000 69 4 . 60 12 ,500 660 10 . 3  
3 , 150 95 6 . 30 7 , 100 300 6 . 4 
1 ,350 140 9 . 33 2 ,640 84 2 . 7  

500 2 00 13 . 3  850 2 1  0 . 95 
50  330 22 . 0  6 8  1 . 2 0 . 088 

5 460 30 . 7  5 . 7  0 . 084 0 . 0082 
0 . 5  590 39 . 3  0 . 5  0 . 0065 0 . 0007 8 
-

Bote : t i s  the "effec tive" time of fallout arriva l ; I (t) is the maximum 
dos e  rate if a l l  the fal l out  were depos i ted ins tantaneous ly a t  t .  
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The I( l) values were f irs t mu ltiplied by 1 . 33 to  correc t for the ins trument 
respons e fac tor of 0 . 75 inc luded in the  I( l) va lues . The seven- day dose 
was computed to inc lude much of the ear ly large amounts of dos e . Even if  
one assumed a 2 . 5  p�r cent per  day biolog ica l rec overy after four days , th e 
integra ted dose  t o  t + 7 days wou ld s ti l l  be wi th in 92 . 5  per cent of the 
effec tive "br ief "  exposure dos e . 

For an LD5 0 t3 0  of 550 roentgens , more than hal f  the cattle would d ie 
within about 30  days at d is tances to about 220  mi les ( on the fa l lout-pattern 
center- line) . However , the exposure dos e decrease s quite rapid ly wi th 
d is tance so  that a t  about 260 mi les , where  the expos ure dose is less than 
abou t 300 roentgens , only abou t 10 per cent of the cows would bec ame s ick 
in 30 days . At a downwind d is tance of 330 mi les from the as sumed de tona
t i on ,  there would apparen t ly be no rad iation s icknes s among the cattle and 
the husbandman c ould take care of the cattle in the us ua l  manner at the 
cos t  of an exposure dose to hims e l f  of less than 100 roentgens (over an 
extended period of t ime) , as suming that he s pent about 50 per cent of his  
t ime in bui ld ings with a shield ing fac tor of 2 or  more . 

Thus i t  is pos s ible that mi lk c ould be obtained wi thout delay at the 
downwind d is tance of 330 mi les ( or nearer to ground zero at  locations off 
the fallou t- pattern center- l ine) where the s tandard in tens i ty is es timated 
to be 50 r /hr a t  1 hr ; where the fal lout  arrives at  about  22 hours af ter 
the exp los ion , and where the maximum observed dos e  rate at arriva l time 
would be about 1 . 2 r/hr . Thes e c ond i tions , from the mode l c omputa tions , 
should represent the upper l imi t of rad ioac tive c ontamination in ava i lable 
mi lk supp l ies . The area for which the es t imated cond iti ons apply , of c ourse , 
is very sma ll . 

The concentrat i on of the availab le nuc lides in mi lk (as suming the 
amounts des igna ted by �g(A) or Nl(A) are read i ly s olub le in s tomach f lu ids ; 
an as sumption that may e as much as an order of magnitude too high) may be 
es timated from 

1-·LI.LC / l i ter ( 1) 

where 

Cr is the croppage ra te of fol iage in sq ft of s o i l  area/day ; 

Di is  the d iscr imina t ion fac tor for the concentra tion in mi lk ; 

A� 1 
is  the phys ical decay c ons tant in ��C /a tom ;  

Vm is the mi lk produced in l i ters /day ; 
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A i is e i ther the phys ical  decay c ons tant or an empirical c ons tant 
eva luated from obs erved var iation of Cmi lk with time af ter exposure ; 
and 

t is the time af ter detona tion 

Equation 1 can be d irec tly applied to  end-mass - chain members tha t grow 
in rap id ly to 100 per cent of the chain yield . Otherwis e  N�(A) requires 
adj us tment for the time at the beginning of the uptake cyc le .  The use of 
Equation 1 is i llus trated only f or the uptake of I1 3 1  from mi lk for c ows 
graz ing on forage crops a t  x = 330 mi les . It  i s  assumed tha t the c ow( s )  
consume 6 0  kg o f  green f orage per day , wh ich i s  equiva lent t o  about 12 kg 
of dry fol iage per day . And s ince i t  was as sumed tha t wL for the forage 
crop was 20 g of dry foliage per sq f t , Cr is 600 sq f t/day . The va lues 
assumed for the other parame ters are : 

Di = 0 . 08 

A! = 2 . 7 1xlor5 ��C /atam ( 8-day half- life) 

vm 1 0  li ters 

Ai = 0 . 139 day- 1 (5-day e ffec tive ha lf- life) 

N:( l31) = 2 . 0  x 101 1 atans / f t'l 

The effec tive va lue of Ai is as sumed to apply from zero time . It 
appears that the obs erved f ive day effec tive half - l ife is due to a combina
tion of a f irs t- order ra te sub l imat ion reac tion of i od ine from the fallout 
par t ic les and of the graz ing habits of cows ( they don ' t  eat a s ing le area 
of 6 00 sq ft each day) . The s ublimation proces s  should be occurr ing more 
rapid ly whi le the par tic les are fall ing through air than when they are on 
fol iage or on the ground (at x = 330 mi les the par tic les are in the air 
for the f irs t 22  hours af ter they are f ormed) ; therefore the as sumption 
that Ai appl ies back to zero t ime shou ld give an upper- l imi t es tima te of 
the I1 1 remaining on the par tic les when they are inges ted by the animal . 
The c omb ina tion of the above parame ter values gives , for Equation 1 ,  

Cmi lk "" 2 . 6 0x l<P' e
- 0

·
139t 

�C/ l i ter {2) 

If the iod ine build-up in the mi lk in the firs t few days of intake is 
neg lec ted , Equation 2 gives a c oncentrat ion of 1 . 9 7xl<P' ��C / l iter at  the 
end of the f irs t day ' s  c onsumption of f orage ( t  = 2 days ) . 

The thyroid dos e  from drinking the mi lk from the c ows at  the s e lec ted 
locat ion may be es t imated from 

6 7  
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(3) 

where 

d is integra tions (4) 

in which Dik is the dos e  abs orbed by the kth organ from the i th rad io
nuc l ide . For the thyro id : 

Eik • 0 . 2 2 8  Mev /dis for �k � 2 0  g ( adu lts) 

Eik = 0 . 2 1 1  Mev/ d is for mik • 2 g ( infants ) 

A� • 0 . 0866 d i s /a tom/day 

A i � 0 . 139 day-1 

A ik � 0 . 005 02 day-1 

C� • f ikN� a toms /day 

f ik • 0 . 3 

N� • 9 . 6x l 01 1  V atoms /day (V in l i ters milk c onsumed 1 day) 

t0 � 4 days (al l ow  2 days for proc e s s ing) , and 

tf • oo ( c ontinuous c ons ump ti on ) . 

With the above parame ters values , 

N
* (cu) a 1 . 13x l 01 2 V d is integra ti ons ( in the thyroid )  ik 4 

s o  tha t 

Dtk = 2 06 V Rads ( 2 0  g thyroid - adul t) 

6 8  

(5) 

(6)  
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and 

D ik = 1 9 1 0  V Rad s  (2 g thyro id - infant) . < n  

The above calcula t i ons i l lus tra te a me thod for es t ima ting the e f fec ts 
of exposure in terms of fal l ou t  proper t ies , of re la t ive l oc a t ions in the 
fa l l out area , and of the va lues of the parame ters involved in the on- going 
proc es s es . Other c omputa t i ons us ing s l igh t ly d i fferent me thods g ive an
swers tha t are reas onably c l os e . Var ia t i ons in the as sump t ions us ed acc oun t 
for mos t of the d i f ferenc e s . Obvious ly , if the per cent re tenti on of fa l l 
out on fol iage is as sumed to be two ins tead of the f our us ed above , there 
wi l l  be a c orres pond ing var iat ion in the resul t .  S imi lar ly ,  d i f fer ing 
as sump t ions f or the ha l f  reduc t i on time of rad i o i od ine in mi lk , or f or the 
per i od  of exposure , lead to d i f feren t answers . 

There appears to be a c onc ensus , however , tha t if a da iry herd sur
vives the gamma rad ia t i on and can g ive mi lk , and if the husbandman can tend 
it without exc e s s ive per s o na l  risk (e . g . , when the s tandard in tens i ty is 
abou t 50 r /hr a t  one hour) , the mi lk from the herd wi l l  not pr oduce an 
i od ine- 131 d os e  t o  the adu lt human thyroid grea t enough to prec lude dr ink
ing the mi lk in an immed iate emergency s i tuat i on . The sma l l er we ight of 
the infant thyro id ( e . g . , 2 kg as c ompared w i th 20 or 25 kg) res u l ts in an 
order of magni tude l arger dose , and c l early ind icates tha t young chi ldren 
shou ld not us e mi lk when the rad ioiod ine c oncen tra t i ons i n  the mi lk are in 
the range of thos e c a l cu la ted above . 
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