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The criteria for establ.ish!ng permissible ingestion or radioactive 

:fallout material under emerge:icy co::;Citio::is "!'or several ;reeks f'ollowing a 
I 

nuclear detonation are depende~t p+ima.rily on exposures ·to the, 

a. gastrointestinal tract :fro:m 'ilie gross fission product activity, 

b. thyroid from the isotopes o"!' iodine and, 

c. bone, principally from Sr~-Y'°, SI.I', :.e.a1"-I.&141 • 

' I. Doses to the Ga.s.trointestinal JI'ract 

The following F riLcipa.l assi.II!l?tio:LJ.S are use.a in calculating the doses 

to the gastrointestinal tra~t of.a~i.:.lts: 

a. The calc-..D.atioz::s 8.!'e based O!l the methods contained in 

reference one. 

b. The fallout ma.te::-ial is 'O perce::;.t .1::.soluble. (See IV. Discussion 

belov). 

c. )
-1.2 

The activity decays ac~cli.:J.g to the pri:lciµLe o"!' (time • 
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d. The energy delivered is all derived from the beta emissions,. 

having a mean energy of o.4 Mev when in the lover large 

intestine. 
. 2 
(See Gra.Ph One) . 

e. The. total. daily COI:!Bumption af .food and -water is 2200 gralns .. 

or milliliters. 

The method of calculaticm is according to the :fol.1.ovi:l8 eqU.aticm: 

(Total number of dieinte~tions occurring in or~) (Energy o:f emissions) (8 .MO~) 
(Maes of Organ) . . . . _ . . • . 

fuse {rads) (l)* 

The number oi' disintegrations taking place in ~e orga::i .may be cal- . 

culated ac<?o~ding to equatio!l two:· 

Total number of disintegratio:i.s 
1.2 -0 2 . -0 ·2-r· 

= 5.\, ta /Ja . • - ~ _ _J (2) 

Where: Aa, :: :Li.umber o:f disintegrationa _per 
unit time at time . "a" after 
deta::i.a tion. 

ta : time "an a:f'ter detonation. 

tb :: time "b" later than .'!a-".--·-···· -

One of' the more usef'ul forms for the criteria "WOuld be in units of 

permissiple coucru2trations at tiu:e of' btake. · This rill somewat complicate 

the --calculations sin-:e ·tcere will be a.decrease in activity e.s the material 

passes along the gastroi+:testinal tract. W'.:J.en such calculations are ma.de 

ac.c.o:ding to the above assu.ngtiO:.i.s and eq-'1Eltit:EB~ it may be seen that the 

critical organ i.B the lower large litesti:Je except i'or the :first hours im-

mediately_ :f'ollov.tng the C.etonatio:::2. ('Tu.ble One show the relative doses 

* The rad is tbe unit of' absorbed d.!::se eq-...:.al to 100 ergs per gram. 

l .6.x.10-6 (er s Mev 0.5 nro"PC!'"tio:!l o"i' total energy to gastrointestinal tract) 
100 {erg.a gm-rad 

~ 8.o x io-9 
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to parts of the gastrointestinal tract as a function of time.) Therefore, 

Graph Two is based on the activity at time of ingestion to produce one rad 

of dose to the lower intestine. 

For example, Graph Two shows that ii' about 48 microcuries are ingested 

on the 24th hour after detonation, the lower large intestine may receive one 

rad of radiation dose. This was calculated in the following manner. 

Step 1. Determine the total nwnber of disintegrations in the 
lower large intestine necessary to produce 1.0 rad. 

Fram equation (1) 

(Number of disintegrations) (0.4) 8.0 x io-9) a 1 
1 0 

Number of disintegrations= 4.7 x ia1° 
Step 2. Determine the activity at time of intake to produce 

4. 7 .x lolO disintegrations within the large intestine. 

4. 7 x iolO ;~\5.2 x 1010 
0.9 .,? 

Frcnn equation (2) 

disintegrations intake required 
(assuming 10% solubility). 

5.2 x 1Ql0 ° (5) (A37) (371 •2 ) {31-0•2 - 5~0·~ * 
A37 ;; 3. 7 x io9 a/hr. 

A24 ;; 6.2 x 109 d/hr. 

A24 ;; 47 )lC 

* If' the time of intake is the 24th hour, then the start of irra­
diation of the lower large intestine ~s 24 + 13 = 37th hour, 
according to reference one. 

Graph Two has been used in estimating radiation doses to the lower 

large intestine for prolonged periods of ingestion (Table Two). The fol­

lowing calculations are illustrative for the period of 24th to the 120th 
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hour (start of intake at the be,g1nn1ng of the 2nd day a:fter ·detonation tor 

a duration of four days). 

step 1. Determine the number of microcuries at time or ingestion 
to produce 1.0 rad to the" lover hrge intestine. 

From Graph T;ro take the mid point of intake period (72nd hour)-t31 µc. 
(nus is obviously an approximation since the exact times of intake 
during the four-day period will be unknown) • 

step 2. Determine the activity at time of" intake. 

From equation (2) 

31 • 5 ~4 241.2 ~-0.2 - ~ -0.:J' 
~4 E 0.94 µc/hr 

Since there is assumed a 220 ml/day intake 

o.94 x ~ ; 0.010 µc/ml. or gm 
2200 

II. D:Jses to the 'Dlyroicl 

·The following principal assumptions are used in .calculating the doses 
: . 

to the ad.ult thyroid from intake of' activity :from fallout material: 

a. The percentages of the 1.aotopes of 1od1De in mixed .fission 

products are according to Hunter and Ballau.3 

b. Twenty percent of' the ingested r13l reaches the thyroid. 

c. The mean energy is 0 .22 Mev. 

d. The thyroid -weight is 20 grams. (Seei\r .. Discussion below) 
., 

e. The percentages of aborter-lived isotopes of iodine that 

reach .the thyroid and their doses are according to reference 

four. 

The method of calcula.tion o:f doses to the thyroid 1B ill.llstrated by ca:a• 

puting that amount of intake of f'issio:i products at the 48th hour 
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to produce 1.0 rad. 
- iu 

Step 1. Determine the dose rate an the da7 -o~ intake·~ r-

D: · R 

~ 

t6 produce 1.0 rad to the thyro14. 
.· 

Where: D • dose (1.0 rad) 
R • dose rate on 1nit1.al. day 

A.e I! ef'f'ective decay cCXDBtant (radiological 
and biological) 

1.0 : R 
0.09 

R .• 0.09 J:adJJ/dJJ.y 

, step 2. Determine the number of microcuriea of zl31 to produce 

0.09 rad/day 

X{µc)(~.2 x 106~(60 x 24)(1.6 x io-6)(0.22) = 0.09 
100)(20} . 

x • o_~l.6 µc to thyroid 
or 

(0.16) (5) = 0.80 µc I 131 ingested 

Step 3. Determine relative doses :from I.131 and I6hort 

4 according to Graph 'lhree. 

At 48th hour, the· relative cOn.tributian to tota.l dose: 

:from r131 
and J:8bort is about l • 

. -y- . 
Therefore, il'5estion ~ o.4 µc :r13l (equivalent) at 48th hour Yiu 

produce ~-0 ra.ds_to thyroid. 

step 4. Determine the number o'i' m1crocurie.s of fission products 
'\;. 

required to ·yield the required. .r131 ~tivity. At 48th 

hour, r.31 
constitutes about 2.35~ of total &ctivity. 

Therefore, . 

. o.4 .. 
0.023 e 17 µc of fission pro:iucts. 
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Graph Four show the number of microcuries r;>f :f'.iaaion .Jll'Od:Uct& in• 

gested at times sfter detonation to produce 1.0 rad t~-the thyroid. 

III. DJses to the Bones 

The three principal. bone-seeld.Dg isotopes of concern are Sr90 - {JO, 
; 89 140. 140 
Sr 1 and Ba - I.a Evaluation of ~eae may be :made in terms ot a.mount 

deposited in the bo:::ies versus maximum permissible bQd,y burdens, or in rad.JI 

of dose that they deliver after depositio:::i. Si:lce values for ~imum··per­

inissible body burdens are based o:::i the co~cept that tbese will be maintai.Ded 

1.Ldefinitely in the body, they are not so valid far Sr
89 a!!.d Bal4-0 _ La.

1
4-0 

when considering short perioC.S of emerge~cy intake. 

The following principal assumptio!1s are used i!l calculating ·the 

'doses to ~e bones of adults: 

a. 90 . 90 89 14-0 14o 
The percentages of tbe isotopes of Sr -r -, Sr , and Ba. -I.a 

in mixed fissio~ produ~ts are accordi:ig to Bunter and Ballau.3 

b. The perce:::itages of intake of. these isotopes that are deposited 

·in the bo::ies, the en€-:gies of emissions, B.!ld their effective half lives 

are according to reference five - except for Sr90 'Where a 27.7 year radio-

logical half' life is used here. 

c. The mass. of t!:e bo::les is 7, 000 grams. - ,:. 
. . 

The method of calculation of doses to tbe bones 1.S illustrated by 

-computing the dose from ar89 from the intake Of 27 microcurieB (See TV Dis-

cussio:::i below) of mixed fissico products o:::i the 120th hour. Similar .. cal.-

· culatio::::.s vere made for sz90_y90 ex.d Ba.140-r..a140 and then the three doses 
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were added for each intake of fallout material· 

Step 1. Determine the sr89 to reach the bone. 

According to reference ls: 

The Sr89 con~ent in mixed fission products on the 12oth hour is 1.6%. 

According to reference 5: 

The intake of Sr89 to reach to the bones is 25%. 

Therefore: 

(27) (0.016) (0.25) a 0.108, to the bone. 

Step 2. Detennire the dose rate to the bones. 

With an assumed effective energy of o.55 Mev (reference 5). 

(0.108)(2.2 x io6)(6o x 24)(1.6 x io-6)(0.55) .. ls.3 x 20-ls rads/day 
(100) (7,000) 

~ o.L3 millirads/day 

Step 3. Determine total dose. 

D total • R where: R .. initial dose rate 
A e A. e • e.ff ecti ve decay constant 

D total. .. 0.43 ~ 32 millirads 
0.0133 

IV. Discussion 

A. Solubilitz 
. 

The solubility of fallout material varies,j depending among other factors 

upon the surf ace over which the detonation occurred. The fallout material 

collected in soil samples at the nevada Test Site has been quite insoluble, 

i.e. only a few percent in distilled water and roughly 20-30 percent in 0.1 

N HCL. However, it •:ould be expected that the activity actually present in 
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drinking "Water supplies 'W'Ould be principally in solllble :farm. nie 'Water 

·collected from a -W:ll and a cistern .an the Iala:id. o:r Rongelap (Table ~) 
. 

a.bout 21 months after_ the March 11 l.9.54 :fallout, W8JI :found to have about 

8o percent of the activity iD the filtrate, but there "'W'RB s.rl-i\ina=P¥irtma~. 

amount tb.e.t settled to the bottom. Other data suggeat the materi&l. to baTe been 

about 10-20 percent soluble in water. 

In the event contaminated food 1.B ingested .it i.B posJJible that the 

total activity--soluble and b.soluble--may find its lfaY in:W the gastro-

1ntest1.Ilal tract ebce at times 1.n::nediately foll.ovi.!lg a :f'a.1.lo;ut most of this 

activity probably would come from the suri'ace conta'"T'.in!i.tinn rather than the 

soil-plant-animal cycle. There may then :follow JSome solubilizing "ill the 

acid stoma.ch with subsequent removal from the tract before' reaching the 

lower large intestine • . 
It ie assumed for these calculations that (a) 90~ o:r the fallout 

, 
material is insoluble when computi.!J8 doses to the gastrcii;iltestinal tract, 

-~ 

and (b) that the isotopes of iodine, strontium, and barium a.re all soluble 

wen conputing doses t0 the thyroid and to the bones. 'These usum;pticn.a are 

probably conservative, 1.e. they may overestimate ac::.e"What t.b.8 r&diation 

exposures. 

B. Biolo5ical Sip;n.ifica.=ce. 

After the eatu!tion of radiatio::i dos.ea by any procetiu.re ~ :t'irAl. 

eU,p iu an evaluation in term.8 ct bio.logica.l e:N'ecta both for .6hort a.nd 
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.-i. Gastrointestinal Tract 

There have ~en few experiments were the gaatroi.nteatinal tract 

has been exposed in a manner similar to the one assumed be~. ID one 

experiment currently underway at the Medical Center of the Oak Ridge 

Institute of Nuclear Studies, the dosimetry is_being .studied in dogs 

using Yittrium-90. The preliminary data are in reasonable agreement vith 

6 
the model proposed in reference o::ie. 

!n ·another experiment, 7 rats vere fed 1.0 to 6.0 millicuriea of 

Yittriua-90 in a single feeding. Fot.ir of t:!ie 33 animals died of adeno-

carcinoma of the colon and additional animals died "With acute and chronic 

ulceratio:i o:f the colon. A second group of rats -..:as given 0.46, 0.20, or 

0.06 me o:f' Y91 per feeding over a period of three months with total ac-

cumulated amounts o:f 31.21 15.6 and 4.68 me respectively. Six o:f' the eight 

animals at the two higher levels died with carcinoma of the colon ·and no 

maligna!'.lcies were. observed at the lovest level. The authc:r• made no 

estimate of radiation doses. 

8 
~ &!lOther experiment, rats -were kept alive by the use of i:arabiosia 

or para-aminoproprio pbenone either p~e or post vhole-body irra.diation of 

700-1000 roentgens. Four of' the 21 rats developed tumors along the gastro­

intestinal tract (one each jeju::mm, ileum, d~odenum, 'an.a. colon), "With four 

addi tio:ial an1 ma.ls showing tumors in other organs. Eovever 1 in comparing 

gastroi:ltestinal versus whole-body .irradiation, the quest.ion has been 
. 9 

raised as to a possible indirect carcinogenic action in the latter cue. 

By using fast neutrons, lesser C.Oses have bee::i sbo;m to produce a~..e.ppre.ci.able 

percentage of intestinal carcinoo:ias in mice, but this is not so relevant 
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10 
to the present discussion of beta exposure. 

One summarizing statement of the short-term effects stated, " 

though the ga.strointestirial tract is one of the sensitive systems to _ 

ionizing radiation, it al.so bas a most remarkable regenerati'Ye and repara-

tive capacity. It takes doses of irell over a thousand roentgens to damage 

the gut permanently in most mammals studied, and it is capable of rapid, 

dramatic recovery of anatomical and :f\J.nctional integrity vith doses in the 

"ll x lethal range. Evaluating the data :from dogs exposed to 'Whole-body -

radiation the authors said, 11
--- it is suggested that doses of approximately 

1,100 to 1,500 r may represent the upper limit of the possible efficacy-of' 

supportiVe measures in the treatment-of' the syndrome of acute radiation 

illju;r-y. With greater doses the damage to the intestinal mucosa appears 

irreparable and of an extent i::.com:i:;atible with lif'e. 1112 At the same time, 

it has been. repeatedly indicated that the 1-rra~ion of' the gastrointestlla.1 

tract plays a major role ~ gross "Whole-body e:ff'ects associated with radia-

ti dr ll, 12, 13, 14, 15, 16, 17, 18, 19, 20 13 
o::;:i syn ome • - ~ fact one author 

summarizes several exp ~rime.ntal f1 nd hgs, "In :proiuci::J.g acute intestina1 

radiation death, irradiatio~ of any n:ajor portion cf the exteriarized amal.l .. 
intestine alone is almost e~uivale~t to whole-body irradiati~---." 

Graph Five suggests the rela~ive doses to the parts of' the ga.stro-

intesti:ial tract, from ingestion of f'allout material. Tb.e available ex-

::perime!ltal d&ta does not permit a co:icluaive statement as to -..fuole-body 

effects to be expected fra:n such ratios of exposures. M:ist ell' theae 

experim=nts are related to tLe criteria~ of death, but they.do suggest 
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that the ma.jar contributory 1'actor to such ef'!ecta auch as nausea and vomiting 

a..aeociated 'With whole-body exposure• o:f' 100-200 roentgens, may be the result 

of' the gastrointestinai. reaction. Possibly a fev hundred iad8 to the lower 

large intestine together vith the concomitant lesser exposures to the upper 

large intestine, the a.mall intestine and the sto:ulch (accordi.Dg to Graph Five) 

. may be in the ~ ·: _:_~-~ " .. ,._.:.:· :radiation sickness might occur. 

2. Tileid 

The study and treat?oont o:f disorders of the thyroid gland vitb 

radioiod.ine has led to considerable inf'ormation on doses and .their effect• 

to this organ. (Only a partial list of re.ferencea is noted~)211221 231 24, 2 5 
<" 

Whereas these treatments have been pri!lcipally vith abnorma.1 thyroids, much 

or the information may be e.xtra.polated to nonnal thyroids for ib e ~ea 

o-1' tbis di.scussian. In addition there are other data based on normal 

26 
thyroids 1n patients suf'ferillg such ailments ae congest! ve heart :f'a.1.lure. 

The picture that 1~ clearly presented is that of the relative 

insensitiveness of' the adult hUIIJS.!l thyroid to ra.diation. FOr example, 

. 26 n 
Freed.berg, Kurland, 8.!ld Herman, report, ---Seven dAyB a.:fter adm1n1atra-

tia:!l o-1' 17 and 20 m1111curie.s of r131, 'Which delivered 14,500 and 311 000 

rep, respectively, to the tb.yroid gland, no histologlc change• vere noted 

vhich could be attributed to r131
• --- .Fourteen 8.!l.d tventy-four dayz1 

respectively, a.:fter adm1n1stratio:i of 59 and 26 milllcuries o:f I 131 , =.rked 

central des true tion o:f the thy.r'oid gland \/!LS :noted. - - - " Since the :fir at 

t~ _I:8tients .expired seven dayB after adm1 n1 stra-tion o:f the r131 :f'ro:n pu1-

mrny ede:r!E., it doe.B n.ct e11m1n.e.:te the :po!3aib1lity tb.At the de&truct.ive . 

- ll -
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changes might have appeared in the thyroid 1t these patient• bad survived. 

Hovever, the eviden~e :f'rcm other studie• strongly indicate that ·if any 

pathological effects were to be noted in the thyroid after ·an exposute or 

some 101 000 reps they would be m1ni1Tft]. Likerlse, the possibility at aer~ 

damage to other organs of' the body, such as parathyroids and- trachea ·which 

are simultaneously exposed to the r 131 radiations, vould be exceedingly small. 

On long term e:f'f'ects, tvo summarizing statementa may be ma.de. "No 

·. . -111 " 26 
thyroid peopl.al!llll "'WS :foUDd 'Which could be attributed to r- - / after dose:• 
to normal thyroi~ rimn1ng into many tens of' th.ou.aan!a of reps and &t'ter 

periods of' observation up to :more than eight hundred aay. •. "In a aerie• or 

over 4oo patients treated rlth radioactive iodine at the Mi.Saa.chusetta Gen.er&i 

· Hospital during the pa.st ten years no kno"Wll carcinoma of the thyroid a.ttributab1e 

to this agent has developed. Def'lil.1 te a:l.Swers to the question of carcinoD:a 

:formation mu.st avait prolonged observation of' treated :patients." 23 Here the 

average treatment dose of' r131 
'W8JI 10 millicuries and of' r-3° 25 I!lillicuriea. 

However, significantly lesser doses may be carcinogeni.c in chi J dren. 27 

II t ---I bs.s been sugg~ted ~t the human thyroid 1• less radiosensitive tba.n 

other tissues, such as bme, since af'ter :many yea.rs o:f treatment o-r Gra.vea' 

disease rltb. radioactive iodine, no cases of' resulti::::!.g carci:n.o!m hs.ve been 
' l~l 

reported. The customary dosages o:f I "" in sucl:l cases yield at l.e.D.at 4oOo 

rep to the gl a.T1d. O!l the other band, carc:inoim of' the thyroid :found ll1 

ctlldren and young adults has allrost 1.!lw.riably been prece~d by x-ray treatment 

to the upper pa.rt of' the body, in &.lIDU!lts s~ a.a to yield a.s little u 200 r 

to the 1.=i'ant thyroid. It has been estilmted that lesa ~ 3~ of such 

DOE ARCHIVES 
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treated ceaee yield carcinoma; neverthelesa 1 the dllt& suggeat that 200 r 

1B a pote:::it1ally carcinogenic dose to the i.rl.fBJ!t thyroid. 'W!:rl.le the possi­

bility exists that the carcinogenic action IDaY bC an indirect, h~nal. one, 

it IIJUJ3t still be recognized that this, like leukemia., 1a an 1.n.stance of 

signi:ficant carcinogenesis by leu than 1000 rep. It seems 1:1.k.ely that the 

in:f'ant thyroid is unduly susceptible, but that the adult thyroid 1B not.---"28 

Table Two ix.dicates the B.l!lOU!lt of 1.I!gested :fiasian product activity 

to produce one rad dose to the lower large intestine &nd Graph Five sbova 

the relative doses to the gastrobtestinal tract &n.d. the thyroid. It "IT&Y 

be seen that ingestia::i. of' a give11 actinty on the f'O'l.il"th and t'i:rth days 

may result 1n nearly two and one-half' times the dose to the thyroid aa 

to the lower large inte~tine. For a contimrnus co:::i.sumption of :fallout 

material :from the first hour to the 3oth day the ratio.of' doses is about 

l.7. 

3· B::.:c.es 

It is recognized that the llitake and deposi timi ot iitl"O.!ltiu;m..,s9 

a::i.d. 90 EU"e ir.!.ti:!Wote~· B.Bsocis.ted rl~ tb.e calcium in the diet. Wherea.a 

it !:as bee::t assumed here t~t a fixed. perce:!J.tage o:r the strO!l.tium intake 

:!.s depos:!.ted. in t~e bones (Ref'er-e~ce fi.ve). It is r~alized tbat th:1a 

I?£t!lod. involves ~certainties, as "°uid tb.e :!lec:essary uatrmptiorus to 

ge~ral.ize f'crc a wide variety of ca.lcitm!--etro:itium ratios &nd btakea 

- 13 -
DOE ARCHIVES 



r w 

to cover multiple categories. In situations where doses to the bones 

appear to be the critical criterion (such as later times after detonation 

- than considered b~re), it would be necessary to make a more precise 

evaluation. 

Unequal distribution of isotopes in the bones has been observed. 

Thus, the dotted line in Graph Five is included to suggested a possible 

larger dose to those regions. 

Considerable data have been collected on radiation produced bone 

cancers. One sunnnarizing statement that places this 1n proper perspectiv-e 

w.i th the other factors discussed above is "- Visible changes in the 

skeleton have been reported only after hundreds of rep were acctllllulated 

and tumors only after 1,500 or more. n 
29 When one examires Graph Fi\re for 

relative doses, and reviews the data on doses versus effects to the gas­

trointestinal tract and possibly children's thyroids (Table Four), it 

would appear that exposure to the bones is not the critical factor for 

ingestion of fallout material under emergency conditions, for the first 

few weeks after a detonation • 

.4. Summary of Biological Effects 

Table Four summarizes same possible biological effects fran radia­

tion exposures. Due to inherent uncertainties in such analyses together 

w.ith expected wide biological variances a"'Ilong individuals, Table Four is 

intended only to suggest a generalized picture of doses versus effects. 

The physical calcUlations of radiation doses made above were for 

- 11 -
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adults. For equal intake.a of iadioactivity, children ,Proba.bly 'would receive 

higher exposures c!ue to the mnaller organ ma.ssea, and 1n the C&Jle of bo:oea a 
- - . 

greater deposition would be expected. Al.so, there ill the possibility of tumor 

production in the thyroids.of some children at relatively lov radiation ex-

posuree. It would appear vise therefore to establish lover lim1.ts of intake 

of radioactivity for children. 

C. Permissible Intake 

The preceding discussion attempted to give estimates of radiation 

doses resulting from intake of fallout .material, together with same possible 

biological effects. How much intake is actually permitted depends upon many 

factors including the essentialness of the food and "Water to sustaining life, 

and one's ph11osphy of acceptable biological.risks and damage in the face of 

other possible hazards such as mass evacuation. Table Two and Graph Five give 

estimates of the amount of contamination in food and -water to produce certain 

radiation doses to the critical organs. Table R;w: indicates possible bio-

logical effects from given doses. Using these references, command decisions 

may be made as to permitted intake of radioactivity. 

Such.evaluations as attempted here are necessary and valuable for 

planning purposes,but:.;o:oc_e the fallout occurs the emergency of' the situation 
" 

may preclude immediate analysis of the food and w-ater supplies. Further, 

abstaining from ingestion of food and ~'Rter because it might be contaminated 

~ould not be continued indefinitely. Therefore, the following three common 

sense rules are suggested: 
POE ARCHlVF.S 
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1. Reduce the use of conta.mina ted food and va. ter to bare minimum 

until adequate monitoring can be done; use tirat any stored clear :water and 

canned or covered foods; wash and scrub any contaminated :foods and; 

2. IT the ef'fects of lack of food and vater become acute, then uae 

whatever in available but in as limited quantities as possible. Wbenever 

possible eelect 'What 11eem11 to be of the lea·at likely contam1na.ted water and/or 

:!'~tu.ff•; and 

3. Since it is esped.ally de•irable to restrict tbe intake of 

radioactivity in children, give them ~irst preference for food and ;rater 

having the lowest degree of contamination:... 

In an area of beavy t"allout one matter to consider is the relative 

hazardJI from the exte~i gamma exposure versua internal. doae• from in-

gestion of the ~±'3.dal. (Inhalation is thought to contribute only 
•' . 

.. 
relati~ :..J.nor doaea under the conditions discussed here). 'Ille beat .. 
evj,{nces on this point vas the fallout that occurred on the Rongelapeae 

in March 1954. Those in the highest exposure group recei'Ved 175 r whole-

body external gamma exposure yet their body burdens of internal emitters 
30 . 

were relatively low (Table Five). 'lllese and other data suggest that: 

I:!' the degree of contamination of &Jl area ia •ucb that the 

external g2tlillD8 exposure would permit normal a.nd continuou.a ~cupancy 

' after a fallout, the internal ha.zard vould not deny it. 

Tb.is is based on such reasonable assumptions 01" (a) about 

50'fo reduction of gamma e.xpoBure fro::n out-of-doors doses ai'forded 

by living a part of each day in normal :family dve1l1ng.s1 (b) V&.Shi.ng 

- 16 -
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/ 
/ 

and/or scrubbing contaminated :foods, and (c} excluding areas ·where 

relatively little fallout occurred, but into which ma.Y be·tranaported 
- ' 

highly contaminated food and/or water. After longer periods of time 

during 'Which the gamma dose rates in an originally highly contaminated 

area have decreased to acceptable levels, it probably would be 

necessary to evaluate the residual contamination for the bone seeking 

radioisotopes, especially strontium-90. 

POE ARCHIVF.S 
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TABLE ONE 

RELATIVE DOSES TO GASTROINTESTlNAL TR.ACT 

FROM INGESTION OF FALLOUT MATERIAL 

Time After Detonation 

That Ingestion Occurs 

Limiting 
let Hour let Iay Case* 

Lower Large Intestine 1.0 1.0 1.0 

Upper large Intestine 1.3 0.71 o.49 

Small I:iteatine 0.26 0.054 0.03 

Stomach o.86 0.063 ,' 0.03 

*Based on assumption that there is no signif'iCB.l:'.t decrease in 

activity during tiIDe of passage thro~ gastrointestinal. tract. After a 

week ~allowing a det0:iation the decrease in activity betwee!l the mid-

point of time in lower large 1.r.teetbe is wit!rln 2CY/:i o~ this condition. 

\: 
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TABLE TWO 

APPROID1ATE FISSION PRODUCT ACTIVITIES 
2 

(MICROCURIES PER MILLILITER OR GRAM x 10 ) 
-

TO PRODUCE ONE RAD DOSE '.lU LOWER LARGE INTESTIN&S* 

Duration of Sta.rt of In take 
Ingestion (Days after detonation) 

(Days) 
1 2 3 4 5 10 15 20 

(J.Bt Hour) (24th Hour) 

1 35 2.5 1.9 1. 7. 1.4 1.1 1.1 l.O 

2 24 1.7 1.1 o.89 0.81 0.62 0.57 0.53 

3 lS 1.3 0.82 o.65 0.56 0.41 0.40 0.37 

4 13 1.0 o.65 0.53 0.46 0.33 0.30 0.29 

5 l2 0.9 0.57 0.44 0.39 0.28 0.25 0.22 

lO 9.2 o.64 0.40 0.29 0.25 0.17 0.14 0.13 

15 7.8 0.53 0.33 0.26 0.21 0.13 O.ll 0.09 

20 7.5 0.49 0.29 0.21 0.18 O.ll 0.089 0.07 

*a. Activities computed at start of intake period. 

b. Based on intake of 2200 milliliters or grams of water and food 

per day for adults. 

POE ARCHIVES 
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Date 

D+2 

D + 34 

D + Jh 

D + 300 

D + 330 

D + 600 

D + 600 

D + 600 
,,,,,,,,,· 

/ // 
~ 

/ ,.. 
,s + 330 

D + 330 

D + 600 

TABLE THREE 

CON::ENTRATIORl IN WA'lER ON ISLANOO 
~IN 1HE PACIFIC AND EStiMAIBD GAMMA 
DOSE RA'iES AT D + 1, THREE FEET ABOVE 

GROUND 

Rongelap Island 
(3.5 roentgens per hour) 

• 

Location Gross Fission Product 
Activity ( d/J1i/il11) 

Cistern - Rongelap Islands - 501 000 - 75,ooo 
n n - 5,500 

OpenweU 
/ 

n - 2,000 

ci6t-~rn n - 3 
~· 

·:' II 

~ 
a 4 

_/ Ope~ll 
• 
n 

- 5.5 

- o.5 

Cistern - 1.3 
(With collapsed roof) 

Kabelle Island 
(19 roentgens per hour) 

Ground water - 48 

Eniwetok Island 
(B.5 roentgens per hour) \ 

Cistern - 25 

Enibuk Island 
(1.3 roentgens per hour) 

Standing water from can, drum, etc.-1.4 

POE ARCHIVF.S 
.' 
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TABLE FOUR 

SOME PDSSIBLE filOLOGICAL EFFECTS FROM RADIATION DOSES 

Dose 
(Rads) 

'.ro sPECIFIC ORGANS * 

Gastrointestinal 
Tract 

Thyroid 

10,000 - -
.Ml..Ilor cnanges in 

- structure 

..Permanent or serious 
-~ge -- surVivaJ. 
threatened 

l,opo - Tt.nnor Production -· 

. Immediate effects sucl 
as nausea and vomi tinl 

100 -· -

Potential carcinog~nic 
dose to thyroids of few 
percent of children and 
adolescents 

*Lesser short term effects would be expected from the 
same doses distributed in time. 

DOE ARCHIVES 

Bones 

'\Imor production 

---

1' ~or changes in 
:: tructure 



Radioisotopes 

Rare earth group 

1131 (in thyroid) 

-~103 

ca45 

Fissile material 

TABLE FIVE 

MEAN BODY BURDEN OF ROIDEL!PFSE 

Estimated Activity at 
One Day @cl 

POE ARCHIVES 

Al18I?&li - PSTllo 

1.6 - 22 

o • .34 - 2. 7 

1.2 

6.4 - ll.-2 

0.013 ' 

0.019 : 

0.016 {µgm) 
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