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rnTRODUCTION 

Tile purpose o:f this brochure is to review briefly the (a) 

radiological safety criteria, (b) 4ata on radiation exposures 1'rom 

:fallout, and (c) measures to protect the public related to nuclear 

weapons tests at the Nevada Test Site. The radiological safety 

criteria are under constant surveillance and probably will be ~e-

vised as a result of' additional data f'rom OPERATION PLUMBIDB. 

The exposure data, of' course, will be up-dated after OPERATION 

PLUMBIDB. 

It is not the intent to cover here Project Sunshine or ex-

postires from low.level long-lived gamma emitting isotopes. Rather, 

t~s 1:::-ocb.ure is cc:::ze=:ied al.most entirely with the more immediate 

as;~:~s of nuclea::- ~~apons testing at i:;he Nevada Test Site. 

':L'his is a prel.:..:::..::.ary report. Suggestions are most welcoree. 

Gordon M. Dunning 

. - .·•' .- ' ' ~·.:' . 
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I. HIS'IORY OF RADIOIDGICAL SAFETY CRrrERIA FOR THE 

NEVADA TEST SITE 

Below ~e pertinent abstracts and condensations from past deliberations 

on the radiological safety criteria rel.a.ting to nuclear weapons tests. 

I. ~er (January-February 1951) 

"It had been previous::j_y agi;-eed that exposures up to 3.0 r would be 

permitted for the Operation (g~Qr for individuals planning to participate 
·-11 

in Operation Greenhouse).- 'WT-204_.Q;peration Ranger Vol. I Program Reports -

Operational. 

f.f'n.ere was no statement on off-site exposurei/ 

II. Bu.ster Jangle (Fall 1951) 

A. "l. "The external dose to non-participating inhabitants, of radia­
tion from gamma rays, shall not exceed the accepted internatio:cal 
.:permissible dose level of' 300 mr/wk (1.8 mr/'nr). 

112. At 0 "'Y po:!x:t of !:u:::a.n habitation, the activity of radioactive 
particles i~ the atmosphere, averaged over a period of 24 hours, 
s!::all be li::::i~e~ ~o one microcurie per cubic meter of air (cor­
respo~dirg a~~=c::i..:::ately to a ground level gamma intensity of 
0.3 mr/r;:). 

"3. '.:"::e 24-~ou= s. verage radioactivity per cubic meter of air, due to 
s·..:s;-end.ed :;:e!"-.::i·~lf:s having diame~2rs in the range . o. 5 micron to 
2.:; .i::ri.c:r-o::-.'3, s::.=.::. not exceed 10 rnicrocuriel:}; nor is it desir­
a:le t:ha.t a:::; ~~.:;-i·:idual nar-r.icle in this size range have a.n 
a::-:ivity great:::- tb.a.n io-2 mic!'ocuries calculated to 4 r_ours after 
~.::= C. ls.st. 

.... ·. .- .~ .... 

:rct~: It is ~~s31~<l t::i.~:t "t~:.c -~v...~t-~_,--~_:.:13.-+:~ ·~(=1.t:•:.c:r· c·j~ .. 
p!"iSi!:g the all:)WCJ.ble ac-c.ivi-;:;:r of one microc:·...:.~:.ie 

per cubic mete!' of air will have a norrr.al distri­
bution of particle sizes ranging from a fe~ tent23 

of a !'1.ic:!. .. O::J. -t.o r::03s~.1)}_~r ge\":!!'"~.l }:l}.!l~-rc~l. m:i.crc~s. 

(See J..ppend.i·:!es II s.r,,:i III..., 

V.ieetiI1..g Jangle Feasibility Committee, Washington, D. c., May 21 

and 22, 1951. 

.... .... 
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B. "1. The external dose to non-participating inhabitants, of' radiatio:::i · 

from gamma rays, shall not exceed the accepted international permissible dose 

level of 300 ~~; which may be 4-ntegrate~ over a maximum of 10 weeks. 

"2·. At a. point of huma.:::i habitation, the activity of radioactive 

:particles 1n the atmosphere, averaged over a period of 24 hours, shall be 

limited to 100 microcuries per cubic meter of' air {corresponding approxi-

mately to a ground level gamma intensity of 30 mr/m:). 

"3. The 24-hour average radioactivity per cubic meter o:f' air, due to 

suspended particles having diameters in the range 0 micron to 5.0 microns, 

shall not exceed 1/100 of the above; nor is it desirable that any individual 

particle in this size range have an activity greater than io-2 microcuries 

calculated 4 hours after the blast." 

Meeting Jangle ·Feasibility Committee, Washington, D. c., July 13, 

d 
t''ll"I ~ ,... __ ) 

an c;.c.: -'-f:>J.. . • 

C. 1?':!:.:.s Di vision a:.::::::~!"izes a permissible exposure of' 3 .9 r of gamma 

radiatio.:: :c-= Bi...:.ster-J.o...,s:e test perso:n:i.el, without regard to the rate at 

which t;:.;;; .:.:.se is e.cct:::",:.:~.-:~d., providing this exposure represents the total 
'-· 

i:itegra~e:~ ~-=z:a des~ ~-.-~:- ~~y period o:f 13 consecutive w-eeks which includes 

t.~e tes-:. :;~::-iod. S:;:iec:.f'ica.l1y, this permissible dose of 3.9 r is not an extra 

- -. 
~c ....... ., ,....._, 
::-- --' .......... 

~·':=:::.·.:::ra:n::.1J.r'.l fro:n Dr. S!'...ild.s Warre!l to Carrol1. 'Iyler, ~enager S"F'OO, 

-4-
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III. Tumbler-Snanpar (Spring 1952) 

.I 

B. "~-An ad hoc co~~~mposed of authorities in the fields of medi­
cine-a:nd. roentgenology has given careful study to the exposures which 
may be safely received by the public as a result of nuclear test 
detonations. This committee advised the United States Atomic Energy 
Co!llmission that a tctal dose of J roentgens in any period of 10 ueeks 
would not exceed safe levels. The dose of 3 roentgens may be received 
as a result of a single exposure or a number of successive, smaller 
exposures, but the total exposure during the 10 weeks should not exceed 
3 roentgens.~" 

"~A maximum permissible air concentration for mixed fission products 
following a nuclear detonation has been established by the United 
St&,tes Atomic Energy Commission upon the recommendation of' an adviso:-y 
panel of experts. This concentration is 100 microcuries per cubic 
meter of air, averaged over a 24-hour period.---" 

. "---It is estimated that water containing total fission product activity 
amounting to 0.005 microcurie per milliliter 3 days after the fission 
products were :formed could be used safely for any period of time.---" 

Atomic Energy Commission's 13th S~mi-Annua.1 Report to Congress, July-

Decenber 1952, pp. 113-116. 

IV r.,...,,,i...o+-v., .... +;.,,...:.,. r~ ...... r; g io5-:i) ..................... "'J.l...,_l-.._ __ -.../ __ \-':' _n. ; .,./ 

"---the Cc-:--~ss!:.~ has adopted a policy of limiting exposures wheneve~ 
po~sible tc ~ t~~al of not nore than 3.9 roentger.s over a period of 13 
· ... ·3eks, ap::r~:-:..:.::.a-::.ely the length of the 1953 test period." 

_.;,tc-::ic :::::2:-~ C.:;::J:lission 1s 14th Semi-Annual Report to Congress, Ja..J.u-

- .. -· ·. - ... ·· .. · .... ·. 
Test 

· ... - : ~tor a1.;..-t,horizei to :=..pprr.:;va exceptions if req-..i.ire:i. 

t!O£'f-Site e:qn5'..1.1··: 3ta!!C.e.rd .c:hou2; be 3.9r/y-r, the figure being cne 

cf a.ctua.l gat::m..1 ezposu::-e "-s me9.sured by n rsliable i:nclicat:)\• of tot~l 

body irradiation a.."ld corrected by a factor to reflect the effects of 

shielding a.."ld weathering." 

Committee to Study Nevada Proving Ground, Spring 1954. 

- 5 -
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VI. Jangle Feasibility Committee, January 20, 1954. 

Criteria for air concentrations were dropped since.they were origi~.ally 

proposed as a means of estimating external gamma dose rates at ground 

level and better methods to do this were now apparent. Collection of 

data on air co~entrations were to be continued for documentary purposes. 

VII.- Operation Teapot (Spring 1955) 

Radiological Safetv Criteria and Procedures for Protecting the Public 

During Weapons Testing at the Nevada Test Site, February 1955 approved by the 

Commission February 11, 1955 for Operation Teapot. These were reli.sed 

(See Section II B) page 8 for Operation PlU?D.bbob. 

VIII. Operation Pl"t:!!:lbbob (Spring 1957) 

Ste.ff paper .AEC UJ./33 November 13, 1956, as amended, establishes as 

e.::. O?eraticr.a.l 5-::.ie of J.9 roentgens whole body gamma radiation for off-

si:te exposures :-s s·.:.J... ting fro!:l Operation Plumbbob • 

........ ··-
. ~ ·: - :.·.. ...... .... - .. 
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II. CURRENT RADIOLOOICAL SAFETY CRITERIA 

A. Radiological Safety Criteria for Occupational Exposures at the Nevada Test Si i 

... ;_ 

•In light of the recent National Committee on Radiation Protection 

recommendations concerning maximum permissible radiation exposures 

to man, we recommend the following criteria for whole-body external. 

gamma exposures incurred onsite by personnel at the Nevada Test 

Site: 

a. A maximum of 3 r within a 13-week period. '!his 

period may encompass any 13 consecutive weeks at NTS. 

b. A maximum of 5 r total within a period of one year. 

As. in the past we agree that the prerogative of permitting exposures 

greater than these limits for exceptional cases lies only with the 

Tes~ ¥.a.112.ger a~d Test Director.---" 

'•·· ... .. ~ ' 

- 7 -
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February 20, 1957 
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II. B. Radiological Safety Criteria for the Public 

INTRODUCTION 

The criteria and procedures set forth in the following paragraphs 

were established after full consideration for protecting the health and 

welfare of the public, to th in terms of radiological exposure as well as 

possible hazards, hardships or inconveniences resulting from disrupti.on 

of normal activities. Criteria are established as girl.des for the Test 

Organization in determining whether any special actions should be taken 

to protect the public. 

These criteria are not established with the expecta ti.on that the 

coming tests at the Nevada Test Site actually 'Will result in radiation 

levels which will be greater than heretofore. Rather, they fonnalize 

past criteria to give even clearer guides for protecting the public. 

With in:;::-c-;-~d ::ethods ~ :;::re±icting fallout and with the use of bal-

loons and ~gher towers fer detonating the nuclear devices, it is expec-

ted that. f=;J.out in pc:::-1 ~-; a.:.-ed. areas from future tests at the Nevada 

Test Site a-:..ll be less tha..~ ~he highest amounts which have occurred in 

the past. 

l'".io bc..=ic asstL:i;.t.icns are made in this report: 
. ~ . •. ..... 

Corrt":.issicr. as de-:::::7".ed. n~~::~ssary to ~rotect the health and '..rel-

fa!'e of tl:.a g:::neral populc:.ce i':1:cm C0!4Seaui:mce{;; cf \Ocapcrw te:st.s 

conducted. at the Nevada Test Site. 

b. The operational procedures adopted for meeting these 

criteria shall ?e the responsibility of the Test Manager, as 

directed by the Division of Military Application, with the 

- 8 -
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technical guidance of the Division of Biology and Medicine. 

'Ille following criteria do not apply to domestic or wild animals 

since levels of radiation vhichmuld b~ significant to them would have 

to be higher than those specified herein. 

~ ".'- . · . ..,_ : '. : . · ... "' _ .... , - · ... •-."" . - . - .: • ·, .-·· ' : I 
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SECTION I 

Evacuation 

Background 

The decision to evacuate a community is critical. for two principal 

reasons. One, presmnably there might be a health hazard if the personnel 

were allowed to remain. Two, there is always an element of danger and/ or 

hardship to persormel involved in such an -emergency measure. 

It is recognized that extenuating circumstances may accompany any 

situation where conditions indicate evacuation as a mode of action. The size of 

the contr.1.unity, areas and accommodations available for the.evacuees, 

weather conditions, means of transportation and routes of evacuation, dis-

positi-:m of ambulance cases, protection of the property left behind, and 

many ot~er factors may enter into the decision relative to evacuation. 

Furtte~: ~t is recog:1i=e1 tr.at under certain conditions, the evacuatioh 

C'f a cc=:·.:..;.ity mig!:"t r..::::. :inly prove rather ineffectual but could result in 

more :-a::.;::':.ion expcs·=::: t.":a.."l if the population remained in place until 

the si ":.·.:.c.-:ion be a.ie::r::a:.sly evaluated. A blanket evaluation cannot be made 

in adv.::.c:-::; eact si :::~~i.:::1 can be uni~ue. The following criteria there-

fore a:-~ ~·igzested as gi ... ::iC.es in assessing the possible radiological hazards; 

;x~;;ula:.i::~s si;.ce 5,;;all groups rnay b:! evacuated without equivalent potent,ic;.l 

Owing to the necessity of .making early measurements and decisions, 

- 10 -
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it is to be expected that dose-rate readings, taken with survey meters, will 

be the available evidence at the times of concern. 1his necessitates making 

rough approximations in advance of the effects of weathering and of shielding 

from normal housing, in reducing the radiation exposure •. The variable nature 

of these two parameters makes impossible the establishment of a precise 

rule covering all situations. Therefore, the following may be used in 

making conservative estimates of these effects: 

a. For weathering -- the measured gamma dcse rates at three 

feet above the ground be assumed to decay according to (tJ-1•2 

for the first week after a detonation, ltJ-1.3 for the second 

week, and (t)-1 •4 thereafter.* 

b. For shielding -- the accumulated dose per day be 25% less 

thari the out-of-doors dose.~"* 

In the case of a truly emergency situation where potential hazards 

may exis:. either fro= t~e fallout or from mass evacuation of large popu-

lations, :. t would seei:i :f:~per that due consideration be given to the 

b:!.ologii::2..L ::-epair 1-'!.,._,~e~s that takes place ·with rc.diation doses distributed 

-1:· This ·::;-,cep:. .,;as su_:5gestad C!fter :-!nal:1zi::~ da:.~. fro:r. both :ts i'!e>vada Test 
··site ~~ :.r~e ~n~'\t'8tc,k :~·vir1t;:~ Q·cw1ci r..~h.i ··.,·,G.3 J4t1·t,o.;;.\;.::luj_ ·t.(~ <-~i :. .. ~- :t:,==-·~Graliz-~.:l - · 
':?.:3~.:.._:~:::.:;::; ·:-:.; ~:..~ . .-~~·:'" G. ~;:._.j:~ 7d:--i·::t.Y .:Ji~ ~·~- ~·;~:_:-4.: iL·~~'S.. :t _:.:; -~'"-;C~J.:_·..1i7".?d -:-~--l­

~;: :.h t:.--:: ::-::2l..:...er- .: ... £l~c u"t pa~ tarns around t,!"L-~ Z>J"Tiad~ Tas t 3i te a.n~ v:i th 
tl':e sc.:-.::.- sc·ils, the e:.::~':-ive decc.y constant::: rr:ay be g:-eater than these. 
E')\-;e·:e:-, :-at her than attem,::it f•J.rther esti:r.,ates for NTS at this tb·,e, 
1

~r..esoE: "·.;.:·.:;.es '11ill u~ usi!G t:ritll -=-~-l~ :.."'i::st;lt: ._,r t.j1~ t.;;A:;B .. 1d.ed :c~~liv:.~5~c-".:.J. 
~l':Hlitc.,.4 .,..,':f D;:"O::"'!"a.,.. :f,..,-r Q~u··-rt"L'r. ~~Tn~·.o~r;·o C""" \...._,, ·>~3;..':.~,.=-4 - - -o . O .. · • ""' ~.._.._CV J... ''"' J.. .Jv .. _.:.JI-' ,..i) .~t l,._, o,L.:..~ J ....... -. 

~ ->:· This is based on an average 12 hours per day stay in a frar.le house having 
an attenuation factor of two. It is recognized that sor.,e individuals 
will be in buildinss having higher attenuation factors and for longer per­
iods of time. On the other hand, this is generally an area where people 
may live an appreciable amount of time out of doors and where windows and 
doors are left open, so the fallout material may enter buildings. 
Again revision of this estimate will await the results of the expanded 
rc:diolo gic«l pro5"":"a::"1 of Opera t.ion PUJ'.i3BJB. 

~ 11 -
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in time (recognizing that such effects from radiation as g~netic changes and 

life shortening may not be time dependent). The estimates for biological 

repair for man are quite uncertain so a conservative value is used here of 

a half-time of repair of about fotn" weeks. 

Graph I incorporates the above factors of weathering, shielding, 

and biological repair into a single curve. This graph may be linearly ex-

trapolated to other dose rate readings. For example, if fallout occurs 

three hours after detonation and the dose rate is 10 r per hour, then about 

67 r (effective biological dose) may be accwnulated, i.e., 

10 . o:rs x i.o • 67 

CRITERIA I 

Effective Biological Ibses may be calculated according to Gi-"aph:.I 

Table I may be used in evaluating the feasibility of evacuating rela-

tively lE..rge popu.la.tic::s. 

TABLE I 

?_;.JICL'JGJ:CAL c:.::;:~IA FDR EVALUATING FEASIBILITY OF EVACUATION 

Eff-=-:tive "):I se 

JO :,o 50 roentgens 

50 roentgsns and hi:;h"8r 

Minimum Effective Biological Dose Tnat 
Hust Be Saved By Act of Evacuation 
(Otherwise Evacuation Will Not Be 

~~:1?:~-?.ted). __ --· _ -~------

15 roentgens 

(F>rac~atio:i ind:. 0:at.o. l-I; ~;"'lot:t ~egard 
to ~uanti ty ":> i' d~'3S" t~t8. t might b~ ~~vcd.: 
providing adeq'l.!ate si.elters are not 
available and the es~imated hazards 
concomitant with the evacuation are 
acceptable.) 

- 12 -
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S E C T I 0 N II 

PERSONNEL REHAININ G INOOORS 

Background 

By remaining indoors (a) the gamma exposure will be reduced, and (b) 

there is less possibility that the fallout material will come into contact 

with the skin. (Beta burns have occurred in the past only whenthe fallout 

material has remained in direct contact with the skin.) To prevent or 

greatly reduce this latter effect, it is highly desirable to make decisions 

before or very shortly after the start of the fallout. Likewise, partial 

shielding at these early times will be of optimum benefit due to the 

relatiyely high gamma dose rates. Thus, the decisions must be based on 

predicted fallout in an area, or on dose-rate readings from field monitors' 

reports •. 

These predictions are of course subject to varying degrees of un-

certa~~Y so that may be asked to remain indoors unnecessarily. 

On the ether hand . . . 
c.ec:.s:Lc~s and action must be taken relatively quickly 

if opti..::t::!l benefits Ere to be derived and remaining indoors until the 

radiolo;-'-cal i~forrr..aticn l~ more accurately evaluated probably rep.resents 

one of ~~~ e2sies~ a~d c:fEctive ways of meeting an emergency situation. 

precise.!.~- ::r.e ar:s·:.:r:.t of fa.i..~Jut in an area that could pr.:iduce beta burns. 

Tne :·ia:-sta.:..le:se e::-.:perier.ce 3G~n-:e-::. sucn e1.1E<!t.s for those peop:!.G exposer! t,o 

175 r and 69 r whole body gar.1.i.11a radiation, but none for those individuals 

on the Island of Utirik (370 miles from ground Zero) receiving 14 roentgens. 

Whether these results would hold true for other situations is not kno~m, 

- 13 -
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i.e., different particle size distribution, different type skin, etc. At one 

location, Riverside Cabins, Nevada, about 15 people were in an area re­

ceivi_ng fallout in an amount equivalent to LTlfinity dose of 15 roentgens, 

with no known cases of beta burns, although it is not lmown if anyone was 

out-of-doors during the time of fallout. Until more is learned of this 

phenomenon, it would appear advisable to remain out of the direct fallout 

when the amount would be such as to produce about 10 roentgens gamma in-

finity dose as measured at three feet above the ground. In the event 

personnel are out-of-doors during the time of this a."ll.ount of fallout, the 

possibility of beta burns could be greatJ.y reduced by the simple expedient 

of changing clothing and of bathing. 

If people were not asked to remain indoors during the period of 

highes~ dose rates in a.1 area where the infinity dose was 10 toentgens or 

more, -7:.eir actual ex;csu:-e might be in excess of 3.9 roentgens of whole-

Tr1.is "'i-:~c:;:.:. net necessarily be hazardous but would exceed the 

estat:.:..s::.~d criter:..a :fo:- ?lumbbob (Criteria VI). 

CRT 'l'E rt IA II 

.·.:.-?:: the ga.-::-:.a. .iose rate reading as meg,sured by a survey meter held 

~::.::.:io:;:::: -.,:_·(:1 ~virdc;:s an,:l ::.001·s closed. RelPase from this restrictive 

concii tio;:;.s 

In the event that there be convincing evidence that the radiation 

levels g'LVPn in ~he graph will be reached, it is recommended that person.riel 

be requested to remain indoors BEFORE fallout occurs or before the 

- lh -
I. r [ 
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radiation levels e~ual those in Graph II. Release from this restric-

tive action should be made on the basis or further evaluation of the 

radiological conditions. 

It is reconunended that people who had been out of doors during 

fallout of the above magnitude or greater be advised to change 

clothing and to bathe. 'lbe clothing may be cleaned by normal means. 

While bathing, special attention should be paid to the hair and any 

exposed parts of the body. 

In the event that the monitoring takes place AFTER the fallout 

· has occurred, and extrapolation of the dose rate readings equals 

or exceeds those in Gr-aph II at the estimated time of fallout, then 

it is recommended ttat the same advice be given as in the preceding 

pa=agraph. 

.. . ,' .. . .. 

I: E I r [ r._ 'r ,... - 1 :; - .. ., - . ,..... 
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SECTION III 

DECONTAMINATION OF PE....'qS01't1·1EL 

Background 

The principal purposes for decontaminating personnel are to reduce 

the potential beta doses to the skin, and to a lesser degree reduce the external 

gamma exposure. The discussion O!l beta doses in Section II is applicable here. 

~' In addition, there is much unknown about monitoring methods for personnel con-

tamination. The following criteria vere previously developed on the basis 

of measuring the gamma radiations (and then extrapolating to the accompanying 

beta radiations) with existing instruments. Recently new field instruments 

have been developed for direct beta measurement, but there remains consider-

ably more work necessary to calibrate them in terms of beta dose rates to 

the bodyo U:::!.til this :!.s ac·:ar:::plished, the past criteria may be used. 

CRI'IBRIA III 

W!::.ere it is :-.o~ ;cssible to monitor personnel outside of 

a ge::.=::-a: ra·iia.ticn ~~ie:ui, it is recommended that an est~te be 

ma~e :: ~~e deg::-ee c: ?~rsonoel contamination by determining the 

loca:.:::.~:: o: tr~e i::::C..:'.. ·ri.C.'..:E.l at the tirce of fallout. In the event 

be advised to bathe and to change clothing. 

- 16 
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For personnel being monitored outside the general.radiation 

field where personnel contamination exists over relatively large 

areas of the EXPOSED body (one-half square foot or more): 

When the reading of a sur~y instrument held with the 
center of the probe or center of the ionization chamber 
four inches from the center of the contaminated area, 
equals or exceeds the values given in Graph III it is recom­
mended t!:lat personnel be advised to bathe and to change 
clothing. 

For personnel being monitored outside the general radiation 

field where personnel contamination exists over relatively small 

areas of the EXPOSED body (less tban one-half a square foot): 

The recommended maximum values are one-half those given 
j_n Graph III. ?-"..onitoring of t!l.e headJ arms, hands, lower 
legs, and feet will be considered as co~i.ng l.inder tliis 
category,. Washing may be limited only to the contaminated 
parts, and also a cha~ge of clothing rr.ay not be indicated, 
U!:.less the radiat~o~ levels exceed those stated below con­
ce:!"!li!lg no~..itori.::lg of exterior surfaces of clothing. 

F~= pe~sor.r-el 8e~~ ~onitored outside the general radiation 

field., a - ~ "the co::::a-.-i:::.::. :.ion exists over only spots of' EXPOSED body 

(aboilt ~~e si~e o~ ~~~:~-dollar or less): 

::-~::= ::-eco::-.:-.e::.:.e::. ;:-.a."-1.::r..t."'TI values are one-fifth those given 
i:-. Gra-p!:J. III. :-.·as~1.ir1g r.:.ay be lirr.i ted only to the con­
~t:.::-..ated. ra1·:s_. 'i:-,i also a change of clothing may not 
t~ :.:- .:.::..2a -ce,:_ '..:.::~o::ss tb.e radj.'ltion levels exceed those stated 
·:: :; __ .: c-:;~-:::~::-::::.r_5 u..::-~ tor_ing of exterior sw-f1:':ces ~.f- ~lot.ili!1g. 

~ne recorT.:e~·:led. values U..Tld.er t:!J.ese cond.i tions a- 0 twice 
those given in Graph III. The first reco:m.~ended action 
shall be to resort to such simple acts as brushing off 
the clot~ing. If this action does· not reduce the radia­
tion levels to twice those given in Graph III or less, then 
personr.el should oe advised to change clothing and to bathe o 

- 17 -
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'Wl:.en the general contamination of a community is of the degree 
. 

to produce an estimated maximum theoretical infinity gamma dose of 

20 roentgens or greater, personnel who have been out-of-doors at 

any time during the first two days and generally moving around 

in the area (as apposed to such an act as walking only between a 

building and a vehicle) should be advised to brush off the footwear 

{outdoors)~ to bathe and to change clothing as soon as possible 

after the final return indoors each day. In addition personnel 

who go out-of-doors for any length of' time during the first two days 

after such a fallout should be advised to wash their hands at least 

a:f'ter the final return indoors each day, and more frequently, if 

possible. 

- 18 -
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SECTION IV 

DECONTAMINATION OF MOTOR VEHICLES 

Backgrrund 

The principal purposes for decontaminating motor vehicles are to 

reduce the potential beta doses to the skin by contact with the vehicle, 

: ; 
and to reduce the external gamma exposure. All. of' the uncertainties in-

herent in personnel monitoring are applicable here plus additional ones, 
··-

such as estimates of' the probability of contact and the amount of trans-

f'er o:f radioactive material from the vehicle to the skin. The following 

criteria for monitoring motor vehicles (Graph IV) were previously de-

veloped, and until the new beta measuring instruments (see Section_III) 

are calibrated, will continue to be recommended. 

O~e method of avoiding or significantly reducing vehicle con-

tam:i.::ation is to p.r-eve::::.t their being in an area during the time of actual 

falla:.::.. It is ?Cssic:e that fallout across a highway may be higher than 

that ;e:::-:::~~~ed ~c= ~~~:.:..lated areas. When such a condition is predicted, 

it -~~·.i be advisa":::.c t~ hold ve!:icular traffic until after the fallout 

tad EEs::::::-;:ially c:::a::;2i, Past e:·:pe~ience has shown that very signii'icantly 

::.ess 'l':::-:i:::le co:-"-:.a.-:i:-.a.tion occurs w~en it passes through an area after-

-
c ~a .. :.·.:.~ -=-=·~;·__:_-:-:s :-~-: .s~.:.:1 be pick.eel 11p ort the tires and. ~J...::ider the fcr:d.e1·s. 

C:ovi:.:.:s.=..;, t!":.crc:: is r:ot a precise: Yalue -:.:~:i.t may be given, but it is 

to be L~ an a.~ou...~t equivalent to JO roe~tgens or greater infinity dose, 

- 19 -
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that traffic be temporarily halted until the fallout has essentiaily 

ceased. 

CRITERIA IV 

It is recommended that when the predicted fallout across a 

main highway be equivalent to 10 roentgens or greater infinity 

... gamma dose, vehicles be held until the fallout has essentially 

ceased. 

Graph IV may be used in determining the advisability of 

decontaminating motor vehicles. The survey instrument should 

be held with the center of the probe or center of the ionization 

che.I!!ber four inches from any readily accessible surface. 

.. "' ; : .... ·:, ... ' -
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GAMMA DOSE RATES VERSUS TlNES AFI'ER 

DETONATION WEZN DECONTA.~ATION OF 

MOTOR VEHICLES IS RECOMMENDED 

.·• (SEE TEXT FOR METHODS OF K>NITORDK'r) 
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SECTION V 

CONT.AMJNATION OF WATER, Am AND FOODSTUFFS 

Background 

In any area where the theoretical gamma inf'inity dose exceeds 10 

roentgens, adeg_uate sampling of' the water, air, and f'oodstuf'f's should be 

made to ascertain the conditions of' possible contamination, if' f'or no 

other reasons than as precautionary and documentary measures. Based on 

pa.st data, however, it is not expected that under those conditions of' 

f'aJ.,1out were the radiation levels are below those stipulated f'or possible· 

evacuation, that the degree of' contamination would be a health hazard. 

N~r is it implied here that any level above this does constitute a serious 

conta.=:in.ation of' i·rate!", air, or f'oodstuf'fS.. One good point of' reference 

is ~= Marshallese e::-..-:;:e::-ience where the whole-body gamma exposure was 

175 roe!ltgens ::et t::.e i.::ternal deposition f'rom ingestion and inhalation 

-was ~e:::...atively s=a.:G.. L~ the event of a relatively heavy f'allout, but 

less -::::.0!.!l one caJ.:..i-: :·::r evacuation, a common sense rule would::be to 

was:i ~:-::;::sed. fooC; 1 s·i:::h as leafy vegtables, flince this is the oost pre -

... '-'" .. ··' ·~ . . ..... : . . ..... __ . 

Hc::i tori.ng or~ ai1·, food and water· should. be .!r.ad.e as soon as 

possible in areas where the ini'ini -r.y a.ose eqtLS.ls er excee<is 10 

roentgens. There need be no rt!st1·ictive action irr.posed. 0:1 f'ood 

and water intake in areas where the f'allout is less than that 

calling f'or evacuation. Washi:ig of'f' of' such exposed f'oods as 

leafy vegtables may be advised when such action seems desirable. 

- 21 -
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SECTION VI 

ROUl'INE RADIATION EXPOSURES 

::Ba.ckgrormd 

The Atomic Energy Commission has adopted, as an operational guide, 

3.9 roentgens 'Whole body external gamma radiation for off-site exposures 

resulting i'rom Operation Plumbbob. 

'!he discussion in Section I on effects of weathering and shielding 

on determining the actual radiation exposure is applicable here. However, 

the f'actor of biological repair is not considered for routine exposures. 

This factor bears on somatic effects and.may justifiably be cons~dered in 

emergency situations when it is necessary to weigh the relative hazards 

f'ron radiation versus mass evacuation. However, for routine exposures, 

the actual {estir.ated) roentgen dose should be used. To distinguish from 

the ~!=ective 3i.ol8g:.cal rose and the Infinity Dose, this exposure will 

be e~ressed as tt.: :s~ima.ted Dose. 

Graph V i.nccG·:;=ates the assumed effects of weathering and of 

shi-::..::.i:::g accorC.:..:r...; "t8 the discussion in Section I. The graph may be 

li.::-:=::.=l:;,- extrs:;-ol.3.":=::. to other dose-rate readir.gs. For example, if 

:':;:.:..:-:· .. ::: ':l•::curs :.r .. :::-eE: hr::-urs after d.etonation and the dose rate is 360 n:illi-

t:.: .. c~e 

360 x l = 3 
~20 

.As dis.::"..~ss2d in Section I, t?le estimates of the effects of weather ly-,g 

and of' shie:!.a.ir.g a.re conservative .fo::- area:3 E .. i·o:..!nd the :Neva~ Tr:!.6t. Sit.e:. 

range of radiation doses is to be expected for these people since they will 

- 22 -

- r 



• • 

-·. 

not all be living under identical conditions. The radiation doses esti-

mated by the present.method is expected to fall within and toward the 

upper end of such a range. The information obtained from the expanded 

radiological monitoring program for Operation Plumbbob, should yield 

refinements in the method of estimating the radiation exposures • 

In those cases where film badges are worn properly by personnel, 

the values recorded may be accepted as the Estimated Dose. 

CRITERIA VI 

Estimated Ihses may be determined :according to Graph V. In 

those cases where film badges are worn prope"lY by personnel, 

the values recorded may be accepted as the Estimated Dose. 

The whole-bo~J gamma Estimated .Dose for off-site populations 

should not excee:! 3.9 roentgens resulting from Operation Plumbbob. 

?:~is ~otal cos~ ~27 result from a single exposure or series of 

exposures. 

- 23 -
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APPENDIX TO RADIOIDGICAL SAFETY CRITERIA 

FOR THE PUBLIC 

The operational guide for concentrations of fallout material 

in drinking water shall be 5 x io-3 microcuries per milliliter 

extrapolated to three days after a detonation. 

A method of estimating radiation doses to the lungs and of 

evaluating these doses in contained in Appendix V-A • 

.·.' . · .. · ~..... . ... . ~·. . .-

. : .. · .. 
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III. RADIATION EXPOStJRE RECORDS 

A. External Gamma Doses 

-;;..-?'' 
The map following page ?~, and the tabulation on pages 26 and 27, pre-

sents the estimated external gamma radiation exposures around the Nevada 

Test Site from all tests except Operation Plurnbbob. 

The highest exposure has been at a motor court near Bunkerville, 

Nevada, where about 1.5 people might have accumula~d up to 8 roentgens 

if they had continued to live there indefinitely. 

•---'l'he average exposure to only those communities aro'tll'ld the Nevada 

Test Site that experienced the greatest amount of fallout (0.2 roentgens 

or more) is 0.6 roentgens for the six years since the regular nuclear tests 

were started. The round. numbers are 58,000 man-roentgens for 100,000 people. 

If the 2.!'ea co!'lSi~e=ec a:-ou."ld t~e Nevada Test Site is enlarged to include 

l,OO.J,000 people t..'le a-:-e:::-age exposure is about 0.1 roentgens for t'he s~ 

years, or at a rate cf a"":: cut 1/2 roentgen per thirty years. This is 1/20 

of tl:~ reco~e:::-~da::.i:;r. c: the National Committee on Radiation Protection 

Testi~cn~y ci 

..... 

- 25 -
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ESTIMATED EXTERNAL Gb}ft-fA EXPOSURES FOR COMMUNITIES AROUND THE NEVADA TEST SITE 

. 

Location 

Acoma 
.Alamo 
Apex 
Ash l'.aadows 
Ash Springs 
Austin 
Baker 
Barcley 
Beatty 
Boulder City 
Buckhorn Ranch 
Bunker ville 
Cactus Spring 
Caliente 
Carp 
Charleston Lodge 
Clarks Station 
Crestli:ie 
Crys+ .. ::..l 
Cryg+..;;1 Sprinos 

- c 
Cur:-z..:: +-~ 
Ca!::p :'$SSrt Ro,.,:,. .., __ 

D.cy TC "rs 
Ducht~ -:~:-
Ea.st ~..,. -. 
E.de:: ~ , -.,r:-e-e.t:. ~ch 
Elgi:: 
E1_y 
Eure~ 
FalL::.::. ?..a=~h 
Cle~~=..:~ 
c:~.:~~.:..~~;. 

0=-~-:~ 
::~ .:::..::-: .. :·::: 
:lik:: 

3eaver Dsn. 
Kingm.a?'l 
Littlefield 
Mto Trumbull 

[ 

,. .. 
'-'• 

NEVADA 

roentgens 

Cc 

.3.0 
1 • .3 
0.1 
0.05 
o.6 
0.05 
o.s 

. 2.0 
0.05 
o.os 
0.9 
4.3 
0.03 
O.? 
3.6 
0.15 
o.s 
0.7 
4.0 
1.0 
0.5 
0.05 
1.0 
0.8 
o.6 
0.7 
3.5 
o.6 
0.2 
0.8 
0.7 
·.:~CJ~ 
.... ,..._ 

"'·•'-' 
c.c2 
1.0 

2.0 
0.03 
1.6 
0.16 

-~ 

- 26 -

-

Location ro';!ntgens 

Hoover Dam 
Indian Springs AF Base 
Johnnie 
Kimberley 
Lake Mead Re sort 
Las Vegas 
Lathrop Wells 
Lincoln Mine 
Lockes Ranch 
Logandale 
Lund 
Camp Mercury 
M3squite 
McGill 
Moapa 
Nellis AF Base 
North Las Vegas 
J.tyala 
Overton 
Pahrump 
Panaca. 
Pioche 
Preston 
Reed 
Round Mountain 
Rox 
Ruth 
Sharp's (Adaven) 
Shoshone 
Springdale 
Sun.1.ysid1~ 

r";~ S~ri-:igs 
'fa...'liJl Sp=ing3 R.a...~~h 
'W'nitney 

Peach Springs 
Short Creek 
Wolf Hole 

a. c,~-~ 

0.05 .. 
0.05 
0.5 
0.05 
0.2 
0.05 
4.0 
1 • .3 
0.4 
o.s 
0.1 
1.8 
0.4 
o.s 
0.05 
0.2 
1.7 
o .• 35 
0.2 
o.65 
0.7 
0.7 
4.0 
0.05 
3.0 
0.5 
L2 
0.7 
0.02 
1 ".> -··-C•. :.._;~L:5 

~- ,,~J 

0.5 
1.0 
0 

0 
1.6 
1..3 



Estimated External Ga.tnna. Exposure for Communities Around the 
· (Continued) 

urAH 

Location roentgens Location 

Alton o.s Modena 
Anderson Junction 1.2 Men.mt Carmel 
Bear Valley Junction 0.4 New Castle 
Beaver 0.25 New Harmony 

• Beryl 0.5 Orderville 
Beryl Junction 1.0 Panguitch .. Cedar City 0.4 Paragonah 
Enterprise 0.7 Parowan 
Garrison 0.7 Pintm-a 
Glendale 1.2 ROckVille 
Gunlock 2.6 Saint George 
Hamilton Fort o.6 Santa Clara 
~l.L"'Ticane 4.2 Shivwits 
Kanab 1.6 Springdale 
Kanarraville 1.2 Toquerville 
Leeds J.O Veyo 
Long Valley 0.8 Virgin 
Lune 0.5 Washington 
l'dlfc::-1 0.1 Zane 
Miners7ille 0.2 

- 27 -
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Nevada Test Site 

roentrens 

j,. , 

0.5 
o.85 
o.6 
1.2 
1.5 
0.2 
0.4 
0.4 
1.2 
J.O 
3.0 
3.5 
2.8 
2.6 
2.0 
2.0 
1.5 
3.0 
0 • .3 

r • 
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III. B. Activity Concentrations in Air 

The highest measured concentration of fallout activity in the air of 

populated areas was at Saint George, utah on Hay 19, 1953, amounting to 

1.29 microcuries per cubic meter averaged over 24 hours. A calculation 

0£ t.he possible lung doses from this fallout indicates a value probably 

greater than 115 .mrems and less than 230 mrems. This is less than the 

dose to the lungs each month from naturally occurring radioactive sub-

stances in the air, contained in Appendix V. A. An inspection of the other 

data in concentrations in air shows that this single lung dose is also 

higher than the accumulated lung doses from multiple fallouts in other 

populated areas for all tests. 

Buster-Jangle (Fall 1951) 

The highest meas;.:r:-ed concentration of fallout debris in air was at 

Ely, :;~7ada a.mo~t:.:-..s to 0.202 microcuries per cubic meter averaged over 

24 h~i.:.:-s. J..ll ct!:sr =es.sure!!lents were in order of magnitude lower (Data 

>'~-; .- .. :1:-·-:2 
... " - ~ .. I""\ _"'"'I 
.:.·~~l' ~ ··:. ...:,,."7')..:: 

.... _ .... 
v_ 

' -· - ~; _,_,,_,_ 

--;:, ....... .; '"'::::i. r.:. ....... .., 
............. ._ t ,.J'•-:: .• 
·:; ', __ __· .. ._,, 

.:.::c=..:: :-~=-~·'" -~-~-~.:.::::.:c-:--: 1 --~ , ~ti-. ~ 

July-~:smb~= 1952. 

24-hour average concer..tra tii:.r~ 
(Microcuries ner cubic meter) 

o.c14 
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III. B. Activity ConcentTations in Air (Continued) 

pPshot-Knothole (Spring 1953) 

locality 

Saint George, Utah 
Lincoln Mine, Nevada 
1-!esquite, Nevada 
Groom Hine, Nevada 
Pioche, Nevada 
Nellis P.1' Base, Nevada 
Ely, Nevada 
Las Vegas, Nevada 

24-hour average concentration 
(Microcuries per cubic meter) 

l.29 
4.0 x 10 -l 
1.7 x 10 -1 
3.4 x 10 - 2 

2.0 x 10 -2 
1.7 x 10 -2 
1.6 x 10 -2 
1.0 x 10 -2 

Atomic Energy Commission's 
January-June 1953 

14th Semi-Annual Report to Congress, 

Teapot (Spring 1955) 

"---The highest concentration of radioactivity in the air following 

e:ny c~e detonation was a~ Ely, Nevada. This amounted to about 6/100 of 

a lti.crocurie per ~~bic ::.eter averaged over the 28 hours that the material 

was :F="sse~t ir. sig:;-.~~~cS!lt quantities. The highest concentrations in air, 

aver~€e~ ~er t~s e~~!=~ series, occu..-red at Ely, Nevada and Alamo, Nevada 

whe~= t~e totE..1 ~~~~~is~..al radiatio~ doses to the lungs from inhaling 

fall::·.:.:. :::.a.teritl · .. :s:-e o:;"':ima.ted to be about equivalent to that expected 

frc:: ::-~::.t:i.ir'-[ a.:...:' ·::c~'::e..i:-~ing nor:rr.a.l amounts of naturally radioactive 

- I"":.., 

• 
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III. C. Activity Goncen-r,rai:.ions J..11 wawr 

The highest measured concentration of f al.lout debris in water was 

1.4 x io-4 microcuries per milliliter extrapolated to D + 3 days after detona­

tion. As noted :ln the Commission's 18th Semi-Annual Report to Congress, th"'l~ 

n --- is about 1/36 of the operational guide - an amount that is still considered 

safe even if the water were to be stored and used as the sole source of supply 

for a life time • n (See Appendix V. B. for discussion of criterion) 

Buster-J,angle (Fall 1951) 

Six samples from Lake Meade showed negative results. 

Tumbler-Snapper (Spring 1952) 

Date -
May J., 1952 
May 1, 1952 
May 2,· 1952 
Hay 2, 19.5'2 

Crystal Springs Pond 
Pa.hr anag at L a.K:e 
Caliente - Drinking Water 
Creek Horth of Caliente 

Approx:imate 
distance 

from ground 
zero 

(air miles) 

63 
56 
95 
97 

Analysis 
(microcuries per ~.illiliter 
at 3 days after detonation) 

o.s· x io-8 microcuries 
1.0 x io-8 microcuriec: 
0.28 xio-8 microcuries 
1.1 xio-8 tr.icrocuries 

Atomic E::.~:-g:f Corrross::..cn's :3th Se:!'i-.A.nnual Report to Congress 
July-I:ece:-:1::·.er 1952, ~. 12. 7. 

Upshot-re::~ ~::c b 

Locality 

V-i ,.."'in ;-~ ~-, -:-.,,..,..-: c-,,~-; ~~. ,... =- ="1 Nev"'"' .... a --o ---·-.,,- --•-.o'-:..J- ......... ~--~, ~ 

Concentration rnicrocuries ner 
milliliter extrapolated t-~ 
3 days after detonation 

Irr-igati: :. :.:. t.c:.., 56 :"_:.::..es r..crth of Pioche, Nevada 
Lo·.-:er P·2'"': . .:..~j_t L~:s, !T.~~t:?~~a 

8.7 x io-~ 
4.5 x lo-~ 
, ,., -- 1 f"\ 0 ··b 

;~~J~;;:i.~~~~1'::~~~~-~{~? ~t;·.~~. )~:~~;~·i·,~ 

51. 

Teanot (s~~~ng 1955) 
Locality 

Upper Pa...'lranagat L~e, Nevada 
Waterhold near State (Nevada) Highway 25 
Headow Valley (Nevada) Wash 

.· .. :; 6'- :; 1--~~ 6 
,_ • ' J.~ ..., • 

l.2 :: ::.:,.··: 
1.1 :·: 10-o 

Cor..cen t.!".:;.·~i0n (Hic:-oC\li"ies pc:i.· 
millilit..sr cextrauolated 'to 3 days 
after detonation) 

Atomic Energ--; Commissionrs 18t..>i Semi-Annual Report to Congress, 
J "'-"'-~a"'.":_r-.June 19C:), !J. 80. 
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IV. MEASURES TO PROTECT THE PUELIC 

The Neva:ia Test Site covers an area of about 600 square miles, 

with "the adjacent 4,000 square miles bei!Jg a U. S • .Air Force Gunnery 

range. Surrou:idi:J.g these areas are wide expanses of sparsely populated 

land. For general sa.:fety, as well as security, the Nevada Test Site is 

closed to t!l.e public. Aerial S-"ld surface surveys are made to i!lSure eia.t 

!lO persons er animals 1m.nder into tb.e area. Each :iuclear detonation i:: 

publtcly a:i..,ounced. a.'lead of time. 

AB a pa.rt of the Test Organizatio~ there is an advisory panel 

of experts i~ the fields of biology a~d rr.edici~e, blast, fallout pre-

a1ctio~ a~d meteorology. A se~ies of meetL"'lgs is held before the fir-

U:g of' each s~ot t:.: carefully all factors related to the safety 

r;f' the ::·...:.~lie. 

A ~=~;lete veat~~= '.:.:::.i~ is i~ operation at the Nevada Test 

Site, C..:-s.'.-i..::-..g 1.lpO::l s.""'"- :--.:::' the exte::.::.sive d.ata available f'Yom t~e U. s. 

. .:,., ___ :..-.-- ',_ 
•.,;,..I --· .. • 

-.-. ...... - - .. - .............. ::.. 
- .,.... '·- -· ":".! • ·, ,_ c ~ -

T'.:-_ese data are eval"..18.ted f'or the c:.;r-

vices B..!'e tc:sted at Nevada. S:t!:~e t~e greater t~e hei&':t of t:ie fire-

ball a~'.)Ve t!!e su.rface t!'"!e less is t!:.e fallm1t in. nearby areas 1 the 

.. ... 
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test towers have been exte=.ded to 500 feet, and during Operation 

Plumbbob (Spring 1957) t:2ere will be at least cne 700-foot tower. Also, 

a new tech..."1.iq'..l.e of using captive balloons is being developed. Exten-

sive tes ;_:s are bei:i.g conducted to detenni:ne the feasibility of detonati:::g 

nuclear devices so far unde~gro1L"1.d that all of the radioactive material 

will remain captured a~d th-:.is, of course, conpletely eliminate acy 

Prior to each nuclear deto:ia.tio!1 a "warning circle" is estab-

lished for aircraft, desig:ied to provide control of aerial flights within 

the area of predicted path of the atomic cloud. A representative of the 

Civil AerGr..a.~tics Administratio:i is assigned to the test organization and 

assists ~ establishi~g the controlled area. This may typically extend 

about 150 ziles i~ radiv..s aii1 be :L~ force for a period from about H 

mi:i.i.lS o~-:-!::.a 1-r ho•;r to H ::lus 10 hours. All aircraft are required to 

check t-=::r..:~~ the CiY:!.l ,~rc.~u~ics Adrni::'listratio:i before flying in 

this are.:.. 

tra::k ~: .. -:: .. .:..:.'.li '..u:t:::..:.. .'..:: l.s !;.~; J.0:1ger reaC.ily detec~able. Beb.:ind tb.is 

- .;. _!:.; .;.._!.:! ,.. ,.-. • o .!. '•"r•; .. - .... - .. - ... -· -. - _, .... ~ .. - ·~ •· .:· :< -~~ .. : 

a::--~d. t:.:.e U. S. P-.i"blic Healt:!'.t S-=:rvice joir1tly organized. a progra..·11 wherei:n 

~~e areas a=o:.L"1.d t~c tes~ site are mapped o~t int~ 17 zo~es. A techni-

cally qualified ma~. !~as bee::1 assig:1ed to live i!! eac:~ zone. His duties 
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consist not only of no~mal monitoring activities but also~ prior to 

and during the test ·series, of learning the communities and families 

in his zone, get~ing to know the people and having them know him. 

In addition to the 17 zone commanders, as they are called, there are 

eight mobile monitoring tea.ms on call to go to any locality to assist 

if' needed or to travel to areas outside the 17 zones. 

Four additional monitoring programs are also in operation. 

One of these projects is primarily of research nature yet provides radia-

tio:i. monitoring data out to 160 miles or more from the test site. A 

second program is a unique system of telemetering, whereby instruments 

are placed in about 30 communities around the test site and connected 

to coI!J!:lercial telephone wires. The operator sits at the control point 

and, by placing a ~Or!'.:a: telepho~e call, receives back signals that are 

seconC.S iI:to gam::'..a. radiation dose rates. A 

third ::i;:::-:i.Ject co:-...sists c:~ automatic instrUI!lents located in another 15 

commun"'"ties ~::-iat per-.....a.:::::::-:.::,· record. the ga.Il'..ma dose rates continuously 

from t:t.e ~~gi.::-ci:::g -co -:.::.e e:::..d. cf t2e test series. A fourth program co:1-

sis ts c:~ :;.~.:-ial s·z-;-::::::::: -1.;H;h special ga."'C..t-::a detection instruments. 

E:-:::.e..-.:!..:'..:-.g out·...:i:rd fc-)~ t~e Test Site across the country are 

anC.. p. cooperation of the U. S. Wea the:::-

of fallout (See p.35). These g~'IL.ued pape~ colle~tions are also made 

world-wide at 73 ot!:ler locations by arrangement with the Department of 

State7 U. S. Weather Bureau, U. S. Air Force and Navy. (See p.36) 

From, F..ad!atio!'.s Fro:; Fallout and t.1-:eir Effects. Testimo:-;.y of Dr. Gordo~ 
r.:. D-1.L~ ... l.::-.f; :.~:~ore Cc:~-c~-=.ss J f.L~·/ 2·:5; 1))7. 
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U. S. PUBLIC HEALTH SERVICE MONI'IORmG STATIONS 

Albany, New York 
Anchorage, Ala.ska 
Atlanta, Georgia 
Austin, Texas 
.Baltimore, Maryland 
Berkeley, Califor!tLa 
:Boise, Idaho 
Cheyeil!le, Wyoming 
Cinci:l!lati, Ohio 
Denver, Colorado 
El Paso, Texas 
Gastonia, North Carolina. 
Harrisburg, PeD!l.Sylvania 
Hartford, Connecticut 
Honolulu, T. H. 
Indianapolis, Indiana 
Iowa City, Imra. 
Jackso!lville, Florida 
Jefferson Cit~ Missouri 
Juneau, Alaska 

Berke:. .. ::r, Ce.lifor:;.i9. 
Cinc~--~~i, 02io 

Idaho Fa~ls, Icc~o 

Lemo~-:.: ..!......!...li::::.:iis 
Los A-.'- -·:'.js, ITe-w ~~exicv 
New Y:-J:~: New Yo::-k 
Riel-~=--=-.· '.{as::ii::gtc~ 

r. 

Klamath Falls, Oregon 
Lansing, Michigan 
Lawrence, V.:assachusetts 
Little Rock, Arkansas 
U:>s .Angeles, California 
Minneapolis, Minnesota 
New Orleans, Louisiana 
Oklahoma City, Oklahoma 

. Phoenix, Arizona 
Pierre, South D:l.kota 
Portland, Oregon 
Richmond, Virginia 
Salt lake City, Utah 
Santa Fe, New 11.exico 
Seattle, Washington 
Springfield, Illinois 
Trenton, New Jersey 
Washington, D. C. 

A'EC MONITORING STATIONS 

Radiation Laboratory, J]¢versity.of Ca;lif'ornia 
General Electric Company - Aircraft Nuclear 

Propulsion Department 
Ida..:.~o Operations Office 
Argon.~e National Laboratory 
Los Alamos Scienti£ic Laboratory 
Nev York Operations Office 
Hanford Operations Office 
Oak Ridge Natio::ial Laboratory 
T.:l.e Atomic E~ergy Project, University 

of Rochester 
Rad.iobiology Laboratory, U:-iiversity of Ut~" 
A~":,~ri.i.':: ~.ie:;:-e.J- i>:-:.Jjcct_, r;c.£c~--., ~~~c.:~:23· 
-~ . .,_ ~· -- ·;.~~~: !~~ .. -}.2.: Ij... !-': .. 
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U. S. WEATHER BUREAU FALLOUT SAMPLING STATIONS 

Abilene, Tex. 
Albany, N, Y. 
Albuquerque, N. Mex. 
Al.pona, Mich. 
Amarillo, Tex. 
Atli.nta, Ga. 
:Bakersfield, Calif. 
Ba.ltimor~, Md. 
Billings, Mont. 
Binghamton, N. Y. 
Bishop, Calif. 
Boise, Idaho 
Boston, Mass. 
Bu:r.falo, N. Y. 
Caribou, Me. 
Casper, Wyo. 
Charleston, S. C. 
Cheye!l.:le, Wyo. 
Chicago, Ill. 
Cleveland, Ohio 
Colorado Springs, Colo. 
CO!lCO:::-d., N. H. 
Cor:;::.:..s Christi, 'I-ex. 
Co:::::.c~.:::-d.ia, Ka!:. 
Los A::geles, Cali:. 
Lo·..lisville, I\.y. 
Ly::.~:'.:::.°t'..:r g, Ya • 
J.~:::--;_·-..:..e-:-:e, Micb.. 
M-ei.:~~::-i, Oreg. 
l.iie~::..:. s , 'I'e :-...n • 
Mia.=.: ' ?la . 
Mi2..-:::::--:., utah 
)·iil;.~ . .:..:-=e, 't·l:.s::. 

l'J e \"; '~. -:: i '=ans , -1-a • 

:~e-~- ::--::r:~: (La G:.:.:i.cd.'.a): :N. Y. 
Phila2~lphia, Pa. 
Phoe;.rt.x, Ariz. 
Pi ttstr..irgh, Pa. 
Pocatello, Idaho 
Port Arthur, Tex. 
Portland, Oreg. 
Prescott, Ariz. 
Providence, R~ I. 
Pueblo, Colo. 
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Dalla;;, Texas 
Del Rio, Tex. 
Denver, Colo. 
Des Moines, Iowa 
Detroit, Mich. 
Elko, Nev. 
Ely, Nev. 
Eureka, Calif. 
Fargo, N. Dak 
Flags+:aff, Ariz 
Fort Smith, Ark. 
Fresno, Calif. 
Good.land., Kans • 
Grand Junction, Colo. 
Grand Rapids, Mich. 
Green Bay, Wisc. 
Hatteras_, N. C. 
Helen?, ... .Mont •• 
Buron,' ·S. Dak. 
Jackson, ?Aiss. 
Jacksonville, Fla. 
Kalispell, Mont. 
Knoxville, Tenn. 
Las Vegas, Nev. 
Rapid City, S. Dak. 
Reno, Nev. 
Rochester, N. Y. 
Roswell, N. ~Mex. 
Sacramento, Calif. 
Salt Lake City, Utah 
Se.n Diego, C..S.lif. 
San Francisco, C~lif. 
Scottsbluff, :Nebr . 

. 8,:;::3. +. t l.e- .. "?ZR s 1.~.-~ r.> ~T.cn 

S~:);.:-e.r."': .• Vo.t>l.1. 
~ ;_ • T_,:, j_ .~ .::>} i-:c. . 
S:,..racuse, ;:.r. Y. 
To:rlopah, Nev. 
Tuc:son 1 Ariz 
Wus;1ingt:.;,:;., ::.c.(s:f.J..i.·er Hill, !·:ct..) 
l-h .. r:r~.Lta, rzns. 
Williston, I~. Dak. 
Winnemucca, Ne·,r. 
Yuma, Ariz. 

- - '· .ii.. 
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FQREIGN MONITORING STATIONS 

Ad.dis Ababa, Ethiopia 
kl.chorage, Ala.ska 
Bangkok, Tha.i.la.nd 
Beirut, Lebanon 
Belem, Brazil 
Bermtt.da. 
Buenos Aires, .Argentina 
Canal Zone 
Canton Island 
Churchill, Manitoba, Canada 
Cl.a.rke AFB, Philippines 
Colombo, Ceylon 
Dakar, French West Af'rica 
Dee;;> River, Ottawa, Ontario, Canada 
Db.ahran, Saudi Arabia 
Durban Natal, South Africa 
Edmonton, Alberta, Canada 
Fairbanks, Alaska 
French Frigate Shoals 
Goose Bay, La brad.or 
Guam 
Monrovia, ~ioeria 
Montreal, ~~:e::, Ca.::a.d.a 
Moosoo~ee: G~:ario, Ca:-...a::a 
Nagasaki, .:-a;a:l 
Nairo"!:li Y;::.T~., :::'.:ast .A..:'ri.:a 
Nome, Al..es..!:.a 
North ?.a:;, ~:::. ::0.rio, Car:.a.is. 
Noumea, :;:;;~,- ::a:eC:o;:;.ie. 
Oslo, Ncr ... :.:.-
Po::".a;e 
Prest-..1ic£ :'- ::~-::.2.ar:i.G. 

r:-e :.o·~ia .· ~·::~.:.-:~-... =-~ri·:a. 

. "= - ...- _:. -..-;.. •. ---- -- - -~ ·- - -----.. : 
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Hilo, Hawaii 
Hiroshima, Japan 
Honolulu, Hawaii 
Ivo Jima 
Johnson Island 
Juneau, Alaska. 
Keflavik, Iceland 
Koror 
Kw.jalein 
La Paz, Bolivia 
La.gens, Azores 
Lagos, Nigeria 
Leopoldville, Belgian Congo 
Lihue 
Lima, Peru 
Melbourne, ..Australia 
Mexico City, Mexico 
Midw.y Island 
Milan, Italy 
Mi.sa"WB., Japan 
Moncton, New Brunswick, Canada 
San Juan, Puerto Rico 
Sao Paulo, Brazil 
Seven Islands, Quebec, Canada 
Sidi Slima.ne, French Morocco 
Singapore 
Stephenville, llew:found.land 
Sydney, Australia 
Tai Pei, Formosa 
Thule, Greenland 
Tokyo Air Base, Japan 
Truk 
Wake Island 
W~ 111.!' J-;tO~, _LJe·,r 'Z,e },0 _n.il 
:·:J.h:~l-;,f; ifr·B: '..:'l·;_r;cli. 

Yap 

- ... .... 



V. APPENDICES 

A. A METHOD OF ESTIMATING DOSES FROH FALLOUT ACTIVITY IN THE AIR 

1. Doses to the 

Assumptions: 
a. 

1. The rate of :inhalation is 20 cubic meters per 24 hours. 

2. The percentage of initial retention of particles (and activity) is 25%. 

J. AlJ. of the air-borne activity is associated with particles in the 
b. 

respirable range. 
c. 

4. The .mass of the lungs. is 1000 grams and is uni.f ormly irradiated. 

5. Mean energy of the beta particles = 0.4 mev. (The relative dose from 

g~"ll!!la emission may be roughly 10% of the beta dose. Since. this is less 

than the uncertainties in other estimations described below, it will not 

be considered l:ere.) 

6. T'ne dose rate decre&.Ses accord.i..~g to the relationship of (time)-1.2. 

a.• :a is recogr..i.:e::. t.:."-iat generally there will be higher volumes of 
intake tilJ.!'i:-_g ;;:::-r.ng hours th.an at other times. When such times 
c=e blct.~, t:-.e ;.ss"JJnption usually made is that 10 cubic meters 
are ir>_ri,,.1 ed. d.~..:.. .:ng 8 hours of work and 10 cubic meters inhaled 
f c:- t..~e ren~~~ie~ of the day. 

b. · '.:--sr:erall:.-, t::-.?. cQ.Scade impactor data. has shown 80 - 90+% of 
t:-~e acti V:. ty 21as ~een assocL.teci with particles 5 microns or 

.I 

:..:::ss :Lri. siz~. ~fo:~ver. it i3 qui tB poGsibla t'li.at the high volu.rne 
.:.=..:- .sarr:.plers ~n ~~e coJ.16·;t ]_r:-l~ge~ ;:;5.z~ f~.?...r··r,J.c2.es. 
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Method of Est:imating Infinity Doses to the Lungs 

Step 1. 

Calculate the dose rate for 1.0 µc/M3 - hour 

. A. For each one µc/M3 activity present in the air per hour, 

(0.83) (0.25) = 0.21 µc of activity are initially retained. (Based 
on an assumed intake of 20 cubic meters of air per 
24 hours) 

B. The initial dose rate to the lungs will be: 
... 

(0.21) (µc) (1.3 x 108) (d/hr-µc) .(-0.4) (Mev) (1.6 x 10-6) (er s/Mev -
100 ergs gm-rad 1000 grams 

1.7 x 10-4 rads/hour 
_, 

Step 2. 

1-;: 

Calculate the "inf..;nity11 dose to the lungs. 

4 " -· -oo = 5 A. t ... where: At = dose rate at t:ime of deposition "t" 
after detonation (hours) 

t = time after detonation that deposition 
occurs. 

D00 = infini"b"J dose (rads) 

7' ( r"; (... ..,:. -· 1 o-4) ( t) -CO= ~ \LoiU h -

= (8.5 x :c-~) (t) rads 

. . .. ·~ -. 

: ~. ;. ~ DS':· \ 
~ '. ·. :.~ :"/r-: ~; \ ~1t;<..:.::·s ~· ~ ~-:;_~_ ~ :.~C:._:· r·~.3 ;' ~~ . ' 

-~~ -, ~'- -:::...:. , :j .: ... ~ \ .:.. ., ::.~1:.....":·~,i -- ".,/ 
-~ 

,' - 2 ~\ , 
' (µc/1·r3) (hours (18 z.rJ /8 hou:-s) ••. i .... ,.. = ~.:.... )} \t.) of :L-nhiJ..- .L~ on) r.rad.3 vu .. ... c'. v..L. "' 

f\ = (o.64) ( t) (µ.c/113) (hours of :i.nr..a.1a ti er.) mrads (10 M3/l6 hou:r3) -co -·--
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Example 

The highest measured concentration of fallout activity in 
lated off site area was at Saint George, Utah on M~y 19, 1953. 
event, sample calculations are made below. 

Midpoint of 
Air Concentrations Sam:Elin~ Period 

a. 

4.0 

2.3 

0.62 

0.43 

o.ol.4 

(Hours after 
detonation) 

4.5 

8.5 

12.0 

16.0 

24.0 

Based on 10 MJ /8 hours 
llco = (1.28) (4.5) (4.0) (5) = 115 mrem 

, 

b. Based on 10 M3/16 hours 

Evaluat:.:::: cf Lung :'Cses 

Duration of 
Sampling 

5 

3 

4 

4 

12 

air in a popu­
Using this 

Infinitz 
Lun~ Dose 

(mrem) 
a. 

n5 
a. 

75 
b. 

19 
b. 

18 
b. 

2.6 

... 230 

Tne .;.".:)o.a est:fana-t.:s a:-e based on infinity doses. The actual dose will be 
'· 

less th;;-: -S:t-..is but t!1e ;;::;.:::t value is difficult to estimate. It is probable 

that sc:::::: :~c% of tr...e r::.a-:.e:rial (and acti"rity) will be cleared from the lungs tri.th 

a half-:..:.-:-.= ci abc'.lt :.::e ~~ay. Tne remainder may have a half-time of removal of 

Fallc::t ~11at occ·u: .. s C!:2 hour after a detor.3.tion ~dll e:.q;end 

·:f :he 

that o·:c..:..:-:- :..c :-.0irs aft-sr deLr-.8.tion re qui;.~e s about 15' da.:rs to cieliver one-

.• 

lung dose. However, it seems reasonable to assume the actual dose is less 

' 
than the infinity dose and more than one-half of the maximtL'll value. 

-::- Langha'll, Wright H. "Determination of Internally Deposited Radioactive 
Isotopes "From Excretion 1\.11.:lyses." A.-nerj_can Indus t,rial Hy<:".iene Associ~tion 
Cuarterl·· 17 ·' J::J::' ,l u Sep+"'n:~e"' ·-: ,- :::c; ____ t/..,_2 •.), .,1-_.1-0;1 v:.- ! u ... --/__, • 
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r. E 

Using the :infinity lung dose as a basis of discussion, its biological 

significance may be appraised by co~parison with lung doses produced by 

i;a.tural occurring radioactive materials in the air (radon and thoron and thel1· 

daughter products). These dose estimates 'ary due to different assumptions 

as to natural air concentrations and percentages of activity retained in the 

lungs, but very roughly may be 10 mrem per day. Thus, using the example 

given above for Saint George, Ut~ the infinity dose was calculated as 230 

mra~ (or mrerns in this case); the actual dose may be more than 115 mrei:u and 

less 'than 230 mrems. This is less than the dose to the lungs each month 

from naturally occurring radioactive substances in the air. 

•.·. ··· .. ·. .· .... ·: 
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V. A. 2. rcses to the Thyroid 

A method of estimating doses to the thyroid from inhalation 

of fallout material is contained in the attached reprint "Two 

Ways to Estimate Ttiyroid Dose from Radioiodine in Fallout." 

'• ·-.. 
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•· . Two Ways to Estimate 
Thyroid Dose from · 

Radioiodine in Fallout 
By GORDON M. DUNNING 

/Jfrision of H iolor1.11 aml JI erlici11e 
f". S. Atomic E11er'Ju C'om111issio11 

lra~hinr1t •1i, D. C. 

reprinted from NUCLEONICS 
Feb. 1956, Vol. 14, No. 2, Pgs. 38-41 
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Time from detonotion ro intake 

Single. I 131 Intake 
3 

;;; 
10 Prolonged Intake .... _....._ 

~ .. 
"' 

s::.. 2 r/) 
0 .... 
0 .. 
"' "' > 0 
; 0 
~ 1.0 .. 
a: 

.. 
~ 
0 50hr ;; 
0:: 

0.1 .. '' ,,, 1 

-~ 10 100 
Time·rrom Oeronotion to lntoke(hr) Duration of lntoke (hr) .· ... :a 

FIG. 2. Approximate infinity dose to thyroid from 
single intake of the 1131 ond its tellurium precursors 
from 10,000 fissions. This figure is used with Tobie 
3 in the preparation of Fig. 3 

FIG. 3. Approximate relative infinity dose to thyroid from short-lived I 
isotopes and 1131 for case of prolonged intake. See Table 3 for sample 
calculation of these curves 

When ingestion or inhalation of radioactive fallout material occurs, 

it is important to be able to estimate the dose received. 

Hare, for the case cf radioiodine, is a procedure for determining 

t~e thyroid dose s ;ve:-i present activity or initial intake 

c. The!:-.:-..::. :i:o!:.g .-:it!-. f~··I· . 
of Te: - ,., :;:crt of :\·:·:1r·;; :· 1~; 

di.;:ir:tc:--- :': n·itl:in t::•· •,.,,: .. T' 
I.,. 

(Tc) 

111 30 hr 

l 

To estimate ti:~ f;rigin'.ll rate of in­
l'.ti..:e of Im fr0111 a known activity in 
<:Le thyroid at a l:lter date, one can 
extr:ipo\at(c :~c,.ordinµ; to the phy~ical 

._ . .,. 
(Xe'• 

-------------------

25 min _.. 8. 0 day_.. stable 
132 .-..5 min-> 77 hr -+ 2.-! hr --->stable 
133 <10 min_, GO min-. 21 hr -... 5.~ day_, st:\ble 
134 < 10 min -. 41 min _.. 50. 8 min_.. stable 

15.3 min ("'10%) 

/ 
<1 min _ _. f..i hr 

'"' 9.2 lir _.. 2 .1 X 105 yr_. stable 

Vol. 14, No. 2 - February, 1956 

.. .... -

and biologiral df'rays of : '"1 only. 
This method i~nori>;; i·1·.ake factor b 
nnd thu~ o\·rrrstima ~rs thr ori~inal 

intake; it abo i!!;nore~ fo~tor c anrl 
thu;; t:1tilt•1 e::-till1;'1 tr·; t!ie o:·iJ;.ii::tl in­
ii.!-.~':~ '"~'::c .:'.~•.r!":i. • ~::: ~\.·!!J.'w •• ~i1.!!..r! 
:tl:r;·t (~:.· ;;~5·· ... ~~· ·'?C"-""!°t':~ •r:·'.H• t;.n~r­

of <Jrigiu~d inLt:..:J~ :::··_·!r 1.~~·tn:l~tt; 1-·n :ui:! 

the duration of int:.ke. Howp\·e:-. r~ti­
mates of tlw effrrb of ignoring tl1c:-c­
t\\'o factor:': iu· Ii•·:: tc• th1 t th~ nn'l'·:.ll 
ern:•r wouid riot be auy 1;1~:i.ter t\i..,_r; 
ot!1er !nhe1 :::nt t•1u·F rt:,it:L~·,. 

The exart steps are giycn in ,it? 

following,;r.ctions. The symbol~ :uc dl 
fined at the head of page 40. 'l\rn 
examples are gi\·en on pages 40 and 41. 

1. Initial rate of intake of 1m, Re. 
Assume that the rate of intake de­
creases according to the phy::-ical decay 
of the isotope. Then ncfo·ity in tlw 
th~·roi<i <'han~t:'S with time thn;;l:< 

cU dt = Rue-"'1 
- (>,, + Ao) A 
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By GORDON M. DUNNING 
Dfruion of Biology and Medicine 
U. S. Atomic Eriergy Commission 
Washington, D. C. 

Two Ways to Estimate 

10 
I Shorr (rotoll, 

1 

Single Intake 
j;) rt33, 

I 132, 

"' "' .. 
0 
0 - 0.1 0 

.5? -0 
Ir 

1.0 10 100 l,000. 
°Time from Detonation to lnt:ike(hr} 

-· -~j 
FIG. 1. Approximate ratio of infinity dose to thyroid from short-lived rodio­
iodine isotopes ond 11 31 for c:ase of single intake. See Table 2 for sample 
calculation of these curves 

Thyroid Dose from 

Radioiodine in Fallout 

CALet:U.Tl);'G ? .. ,.::;:_~-::.-.:;: DOSE irom ri,~ ~1acif1c p~o·;i11~ ground the ac- do~r from Jl~<t :tnd its prernr<:nr• aud 
fallout pre5ent;; ;_;:~, ;::,:;~1'.-):::0. O;:e ~;-,-:::· in the air m:t:; pr.r~ist for some- then :irld t'> t;1i,; tl1e contribution from 
oi t~e::; i~ !10·:: • - 0 --_:-r,a:~ d,:·;-~·i•'. ·::L:..t 10n:;cr time:; in the C S. Thus, the ,;hoi't-b-,_,.-[ i~11t')pe5 of I awl t!:eir 
·;r:.~·: .:rc·---l ::. t~~~-- ~· ~:·~ !"·~d:.r. 1 i.:;.·-1:t•!)-.!~ f._-,r rt!l:\tiy;}?.y eJrh·. ~h01 t e_\po~urf'~ pn~·:Ll! .::.:-!!·.::_ : )l~,-- ru n"'L' ti\,. :: !.J~t::d-

• .. ·3.r-~~·~b:r•;:, r!i·:· t""'-· - _... _;_~--< .... - c .... :: 

m:.ide \'-·tt!1 t:1':! p:~:~~>~:. t~:.:= !~ !H_1--.:. .,i ... 
in a laL:·.·!·:itor\· <::- .-::ri~·--e:.l .:-~t,]:Ltl( 1 n. 

E~·''"' n'r. it i:: c·'.:.--, i: 0 -t-•!t::i.l t.; make 
:;.11rh '..!E'i:ir.;.:.t'!:;, E:\":'.:r. th<v.~i;h :::-:imittc·dly 
b:bc,rl r,r, ~;mited • L:.u. 

There is clis:i.;;i"·c~•:e!1t ;:i.o; to tLe 
principal mode of entry into the body 
of the rarlioactive I contained in fall­
out, i.e., inhalation or ingesti1n. For 
low-yield detonations, such as in 
Keva.du, relatively higher concentra­
tions c,f fallout materi:i.l are found in the 
air for only a. matter of a few hours 
·,·:;t_:: ,.. frilly ~lll r,[ :·:tlr·11L.t:~·I i[\hke 
by inlla:ation cowplct,~d \1 it l1in 2-1 
hour,; for nearby communitie5. 

"Wher1 the deton~tions o<"rnr at 
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nL'!.l iH~~~~tion (,,r :~ r::1i1ti:1uin~ pr-:·iod, 
it W•)uld appear ,:.:- i- hy hr thr: 
t~(Jfi~~:-• ..!.Iit f:~~t\,, i. "l'i ::- ::: ! ·:-1~ ,,-,,~·;:dl:.~ 

true for gratit:g; <ll!: .. -,.,1,. 1•: f;,;.d, 

field expi::r\!!1('nt. ... :. i.1t:-Lh. U!~ :':c;. a·.:.1 
trct sit-c ;:howc1l there w:i.s little I in 
the thyroid of rabbits, who were re­
strained so that they couhl not ingest 
any materi:ll but could continue to 
inh:.1.le during anrl after fallout. 

The problem of dosage calculations 
is complica tecl by the presence, at 
early times after detonation, of short­
li \-t·· l I i<0t•'i'r" i11 n1f, 1it\111t to 1' 31 and 
lo~· tcllurilllll prCt:Ur;:>ot:< rur ;,cn:ral. 

The general approach given below 
for these problems is to calcubte the 

-

T!, ... >~·, l·! · -·~ :, ~·!:,~ir\,,_ 'lt i·~: ;,i .. ~1~·-~· 

:o tr-.r. {.~·-·~-~·::! !=. ,-t;tri:tiH Lc~~~\~·,r 0f 

a. l°;in 1 t:.inti1·" ~1t t1:1' l'"t"Cl'llf:t!,:t' 

11[ i:,t:tr:•' into h•Jdy that rr:v·hes 
the th:.-rni•l. 

b. T!ie tellurium precmsors that re· 
sult in the :ibsolutc activity of 
the l 131 in the e1wirnnment re-· 
m:iining; roughly constant for 
:ibout- a day fol\ow~1l by :t pcrit'rl 
nf i1:.·:1·:\~in-: 1lrcay r:itP until ti:" 

- ' -pn·•··. -ti!':-' I.1 .• ~11f1~(~1 jJ~'.LY ~:. :--:_:.~:;lL 

cau~ role and the dcray rate 
tl1t>n bewmes th:it of l1'H. 
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Symbols Used 

Ne= 

Ao = 
t= 

A (t) = :1cti\·ity 111 thyroid 
(.uc·/~m) 
initial rak of intakl' of thy­
roidal JIJ 1 (µe, .. gm,'d:1y; 
r:tdiologieal (physi<·al) drray 
C'OU~t:lttt 

J,iulv;.:;i,:.!I d1:(":ty · 111l~t:rnt 

time 

E = a \·crngc energy of beb par­
ticles (:\lev) 

/\. = 5.') Hof~' (a con;;tant) 
D. infinit\· dose (reps) to thy­

roid f;om single I intake 
D, tntal infinity dt1se (rrp) to 

thywirl fro111 continual i11-
take from t = 0 to t = oo • 

TABLE 2-Samplc Calculations for Figure 1 

A B <.: D E F G H 
Numb•r of Atoms of iodi11e At•tra~e ,\/a.z. rel. 

Ratio' Half- .oldi1-ity4 a.toms prtst1it rearhi,,Q btla entraiu 
Radio· Iii• (d P"'' tO,!Y)() per IU,000 thgroid µu tnerq11 lo thyroid J8hr• En~~ 

U<Jtop• (J,r) .ri.J.~iorra) {idlfUJIJ.$ JQ,()IJQ fUl8iOtrS (Jf..,,) (EX I")' Jm Energy 

JUI 192 0.01-1 230 5- -,, j • ;) 0.20 11.5 
Te 1ii 30 0.01\l 49.-l U.9• 0.20 1.9 
Te Ulm 0.42 1.5 5-L3 13.6/ 0.20 2.7 
I u~ 2.4 0.026 5.-l 0.3° 0.52 0.16 0.01 
Te 13~ 71 0.05li 37-l 11.2" 0.52 5.8 0.36 
JUl 21 0.1-l 25;) 48.5' 0.45 21.8 1.35 
Te 133 l 2_6 226 -13.01 0.45 Hl.4 1.20 
JUj 6 -.. U.88 512 61.U" 0.30 18.5 1.15 
l(all :ihort-lived; "'·LOI 

"Based on Hu:a.:r and Ballou t:tbl"'s (1). 
& The biol•1giL·::;'. :"ate of the i.soto11es of iodinf: i.;, the same. Thus, the s::i.mc pwpor­

tion::; of the tot:.tc :.:~:nber of atollls oi each at·e taken iuto the thyroid and then elimi­
nated acrordiu~ !•: t!:e biological rharacteri»i·~s of the aninial. The loss of an atum 
of a .short-li\·ed :,.:·~ope mean~ a grc:itcr k•; •)i energy to the thyroid than does the 
Jo~:; of an l!Jl. :'.[J·.-.-eYer, it is to),.• ex:->ec:,:i that the biological h:iif-liie of animal 
thyroid~ will l_..c- :. :··h !!reater tL:.!t: ti.c- :::·:'._.-:,,:::,·al half-life of rYen the lonirst sho1t­
lin•d radioiod11:::· .,·1t•)P~ ( l 1·1' with 21-hr h:,:.:.·-l::t:". so that essentially all of tl.t'se C'ner­
gie5 will be d~!!·-~~'·rl t0 the thyrc·ifi. frr - :·_<:-s where the !.iologirnl derny co11st1111t

1 

>-·., is ~ig:nifa-:;.:,:'.:: i.·'.~t' comprtrer: ~' l::: ::-- ··-dioiogiral der::iy eon~t:rnt, /\,of Ji", 
(O.OtHti hr- 1

:, t:_o:::• t f1·· ndue.; for enc ~i-- c ! I · · !!1eludin~ Te 1" and Te'""' precursors) 
g!Yen in col;irt:!: r, - 1 1'lU~ 1 be mdti!:L~d ':- c:.c- factor >-.,, (>., + >-,, 1 ar.Li likc:\\·i~e the 
vai11e.s for th-~ ••< ,,._-._. C!lc·~;!ito'~ i[, , .. ,JL::'' f! :·:•r the sliort-iln~d b<;topes i,hould be 
multiplied by t!., tr.r (.\, -:- ,\- · .\ .. 

'_\ll oi the io•L: •' ::•rin;;; rea,·!1i:'.'.'. t!i- :>·:•.,l wil: di5i11tci.:r:ite t.her·e. Correc-tions 
ruay b(· uci:e .... 5:tr: · .;;-J!::g to i1:il)rr·ott· .>1. 

~ r! 2.;:G of th•.: 1 · ! .... -Jill""' takt""B iut-1 ~~:·_· l,lJ : !'e3rh the th~·rold. 
• :!1W( or· 'ff.:- '. .':· ; ii1t•• t!., ; .. l~ ;,::J ·.·'< the tliyrnid, i.'!., :i.bot:t SU~. would 

li::-.·e d:.;:1tP:::i.,t- ... :'" T;.:O. whdr- !:: ;., ... ~t;t ~·:· \d1ir:l1 all ui;'.ntP~rate,; to llll of "!1ic:h 
2:j~- n·ai-h1·.~· t!~-- ·;.":·· l'.L -

f .\!l n.i tLe T 
wt ti :· ; · · ~, r : ~ 1..: ~ 

·J ~: ~~- :_,~- t ·~.: ; .• · .. r 1 ~.: .... ~ •• ~ _ • ..l.1·'. _ ~} •-: t• :::.·1.~ 0

.1 J. • &'t!1i: .. ~i:·~:~ i.~.;;· -::~·1: 
'" ! ~1 .. !.:, ... =·l•."). ~ 1.~~1. 1 ;:: n1:-1~: :1-:.· ~t.-.,~L fir (.!) •• \r,·:·'"'l'fr,,i..:; t<J n\·~:;!'lhi,1 d:1t:;. 
:_,-, it .. ,~~ · ;' t··· •. ! :c. · _, ·_-,1· .• i ., t. t' l, ·: ·,, 1 ! -:z.? · .. · l.i• 

··,~~- ·. • :~···.:,rl._ "':- ~· -•,, . . i"t:0 ;•"1·: _, 'i11rt (11· :~:-~t\'!t•: I' :·clt-
l'. • ..:. ; : •. : ;;.\'•·; ~· e.-;~l:t1.::t~ . .: ;\' : ~ \;• 1

.; --:- Ar,'. 1-; I' .._;:d•tP:'.' ilt rl:tl·l~· t ~re 
:1 .-· ... i ,.~, '.111•: ·'· ;.hr hlr;l11.:i·.-~il b~ 1 1f-:»._. (Jf iocii~n.: i·, d ~ h?nod). ·r;,,,_::· ~il"":-u 
~l':t· ;tp;r11.\i!t,:1t'· · ·, r'c::· .• ~--t"'t··p. _\.::,~'...!!!!!!:.::a biol0g-i<·~d l·~df-liff' of indil't' i:: th(• 
~.:,,.,:i 11~ _..;h _·i·p (".:· ; ···~:--~ r.·:t·r ~-. p···ridll P:· ~·: i:cnu-, nriI~ .. 1 ;,.. ··:1ti, .... ~: .. ,.1, 1.1 1·; .. l 
· ·;;. ....1r..':' .. ~ ·· .... : 1::., J.:•(•L:~ :~q·:~ :_ .... Li,._'..; 1·:.-:, >-":'- !·J1:.. ~"\"< i·::', J·)~-0 Luu 
loJ·.~. '] n~· l:ltl11 L:· .J.·i::~s iroro i:1d!\ iclt.tal .~!:ort-li,·,.<[ :-:u:!inn i::-:oh.l!'''': 11J:~t<:~·t._ :l it• 
Fi~. l .1 ;u~·,:~:-~~- ~~~ l• ~.'.:.-; r~ttio l)f t!1r- tot:.!l sh:vt-li\·t:ti i~otop~s ~·o l' 31 1:):..i,· tJt· un1f•i­
c..,ti111·1~r·1~ fnr :o-h'.'°·'T· ~),- :' ic-~\- r;er cc·rit i:r ti1t· l':trh· t.in1t•:: :tftr·r 1if ton.1tir)!

0

J. At btl.'r 
([fl'.I'-' t!1f• [,-, l'IJ't'."·'•'l1.;,-,r! pr>:"10!:1il!'t(n'-'. hilt :J.-o.tbP t:itio <1i infi11it\· dr,S('~ fr{lr.t thr 
t11t:d .•!t11rt-li\·1:rl [,,-,~.-,,-,.., t0 l'" ha• d('nf':t~ed ~i~uih,,antly. Thus .. t\1c mctl10d s1w­
w·-tcrl hPr•· n1:t~· ;£i\"f' .1 i:iir :ippr11.\imati0n of tlir total iufinity do~es for sheep. '" 

h :vc of thr> Tf''-·' int:1kc rPar·li(·• tit" thyroi<I as rm, i.e., 003 would disintc•"r:ite 
to [t•2 whilr.· in tl1c ~·It oi \\·hir·h 0:c will l.e dcpositf'<i ia the thyroid pf'r footnote g. 

• Ul'i(, _r.f th" 1111 taken i11to tll" hody ,.,-jlJ l>C' deposited in the tl1yl{lid; 25% won\d 
-l>r, UP.µo.s1ted norm:illy, hut :ibont 2-'i % of tlwsc atoms will deca~· before c!C'position•. 

i ,,\11 _of tl11· Te 1
J' t:i.l~cn_in will ,\i~iutcf,!rate into Jm \\-hile within tlw ho<ly of which 

l\l': 0 will r1.,,r'f1 tlie th_,·ro1d :ir·,·ordu1:.: to footnote 1. 
~ !~'"~ o1 tit,. l''· i1]!;1kr· \•:i!! f,,. d1•nr1.-:tr·d in ti,,.1;,n·oir.l: 2.~r-;. w1»1ld f,., ,J,.,..,_;1,.d 

:·'•": :· · I,. ~ .... -~ 1 1"; '.', ;!! 1! 1" 1·. ),f~!-rH·t· ,:, fl 1-....i1 i11:, :1t'('Ul'di1i'...!.. to f1_111f; r):L' !1-
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lh1s nas the solution 

A = Rt (e->.rt - e-<>.,+A»•) {l) 
>.b 

Thu;:;, analy:tini; tltc th) rni1l fur its 
{13 1 acti\·ity, :1., at any time, t, one c::u 
figure back to the initial rate of intake, 
Ro. 

2. Infinity 11
"

1 dosa. The dvse to 
infinity from !1 31 intake on the first Jay 
is 

D = K r. e-~,H.)I dt • Jo 
= K/(>.., + >...) 

The infinity dose from a continuing 
intake th1t decreases according to the 
radiological decay is then given by 

Dr = !\./>.., + Ab lo• e-~.t dt 

D1 = K/(A., + N,)A., (2) 

3. Doses from short-lived isotopes. 
The additional dose to the thyroid 
from short-li\·ed isotopes of iocline re­
sulting from a .~ingle intake is sum­
marized in Fig. 1. A sample of the 
calculations used to construct Fig. 1 is 
giYcn in Table 2 at left. 

In the case of grazing anim:..l;;. how­
e\·er, the period of intake may st:irt at 
different times aite1· detonation anrl 
extrncl for Y!Hying rwriods of time. 
An estim:.ition of addition:.il Jo.;es to 
thr thymid from si10rt-li\·ed isotope:> 
of i(ldine under these conrEt:on:; is ~11m-
111a:ized in Fiµ;. :3. A ;:ampk of the 
cakulatior:~ u~erl tu r011~:rwt Fi!!;.:> is 
gi \·en in Ta hie :3. 

Example: Sheep Ingestion 
:\ho11t :3; ~ hours after tlir nuclear 

detr.r;:1tio!t at the ?\c:;·:111a Te:=t ~it(' 

on :-i-iy Hl, J!):n. fallnut or·rur,·ed ill 
:1a :ILf·~t ai.'•J1i.l~il ("~d:.~· C'it_,,. l-t ;,[~. 

,!'i ~ .. 1,~!_,· '.." ~-··· 1- - ( ._.;!('fht~·~·:_:•. 1 "1 

\\.(·1c· it1f'a;--;urcd !a ~1)' r·in!Pn . ..; (J"'i.. th.;lr 
th\·,::.i,i.•. The hit:IP::-t m1·11-il'•'•! (::•' 
C'nllr·,_·t:t!··1~!<:)r.~ <>ll .Tu1,: .\ \i.-i:-·i·r· ·_l.n:i.t 

fre rhyrcr], 1~ of thP•t' !'hc-PJ• fro~ all o:· 
tL1· :.-11tnpr.; r.f r::rlioiorlinr? 

Fir~t calrubte the Jlli dose, then the 
dose from short-li\·ed isotope;;. De­
termine the initial rate of intake of 
! 131 artiYitr per gram, Ro from Eq. l 

A = (R G/Ab)[€-x,i - e-<~.H,>1 1 

In this r:i•(' .-1b = O.~i µr_!~m \Yhen 
sa. •::in·dJt:u,· Li. 
(\\'orking back 
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Tl,11~ 

from .July 8 meas­
. urement.) 

= :.?7 tby~ C\t::i.y 19-
June 1.5) 

>.., = O.OSGG clay-1 

Ab.= 0.0204 tlay-1• 

0 3- If,, l ' ., ... ,. . ' io-···1 ' = --- e-,J.va\ib; ... - e---\ . • , ... 
. 0.0204 

Ro = 0.189 µc/gr:lm/day. 

Now we detern.ine the infinity 1131 

dose using Eq. ::?. 

D,,,, = K/A.,(X, + Ab) 

where: K = 55 R 0E = .).3(0.189)(0.2) 
= 2.0S 
Thus D,x = :?"14 reps is the infinity !1 31 

dose. 
To e5timate the do5e from short­

lived isotopes of I enter Fig. 3 with 
these parameter;:;: 

start of intake = 3.5 hr 
dur:ition of intake = infinity. 

The gr:iph i:i 0 Er·ates n ratio oi appro:xi­
m:itely o..i.:: .. 

But tl:is i~ 1.:n•~OrP~"ted fo:· biok·~ie:il 
decay. i.e .. :~ i5 !;:;;:ed on the a:~:i:::-,r·­
tion t:~~=-t t~ .. ? t.~,_.:·_1~ir:il d~~·~y co~.~:x:·~t 

. . .... . ior tz;<: t:: .. ·~··. :.;; ~1~!Hi!.1:an;~.:\· ~e:-~ 

m11lti; ·' "·~t::.. 

:.-
('...; .: 

l. 

.· ::'.:.I 

-... :·:f•·t tL:­
~· . .::· f:!('i!Jl'":· 

.\. 'T •)I 
~ ·- ·~. 

~ • l 1 
- ·--r 

.C" ,. '·")I ~ 

:Lh,,·1~ !'_111 .!)():l ?·p;~·.;- ~o I;:·r,t~n··t· r!'·~r~itt:i 

<'P'.~ •!:l~!~:--:.\!t:: \,::. ! ;.:,·~ .·,t: .'- !••: !>··1i:1. 
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EXAMPLE: Human" Inhalation 

On ~lay 19, 10.33 the highest conccntmtion of ncti\·ity in the air due to 
fallout that has ever been rccordeu in the U. S., outside the Xevada Test 
~itc, occurred n.t St. Geor~e, Ut:th. It amountctl to about i.:~ µc/ 1n 3 

:.i,\'eraged on•r 2-l hours. The tntal ra<li::tiou do:;e to the thyro~d::: of t!1e 
people at 8t. Geoi·ge from inhalation of the isotopes of I is estimated to Le 
0.302 rep as shown in the following tabular cn.lculation. 

Estimate of Radiation Doses to Thyroid of Humans From Inhalation 
.·.-:. 

Fiasion-
Timi!' At'eraqe produrt Frllt:lion Arldtd tloH 
~/tu ftuion~ ocliriity of fi••io" 1"1 a'tin"tu InfinilJ! /m from 1hnrl· 

dttfJtlll· product orioinally produrl Tea.rlai11a rlo .. ta liarl I Total 
!ion 4"."li1•ity rttair1tcl fhlll i• ru•• thyrt>id lhllroid illDfOJWI• infinily do1t 
(hr) (11C/melu') (,.c)• ~ (milli11C) (r•p)' (rep) (rep) 

2-7 4.0 12.4 0.16 5.00 0.0304 0.121 0.155 
7-10 2.3 4.3 0.35 3.77 0.0230 0.074 0.0~7 

10-14 0.62 1.56 0.47 1.80 0.0110 0.030 o.ou 
14-18 0.043 0.10-l 0.7 0.19 0.0012 0.003 0.00-l 
lS-30 0.014 0.105 1.1 0.29 0.0018 0.003 0.005 

Tota 0.302 rev 

"Based on 0.83-metcr3/hr air intake and a>s11ming that 753 of the n<'fo·ity will be 
initially retained either in the luni::s or find its war into the gastrointestinal trart. 

~Based on assumption that 75 'iO of initial intake of both Tc precursors ot I 13 ' will 
r~rnain within boJy un ti! decnyed to l " 1• 

< -~s;;uming 25';(. of initi:.il retention of 1131 (either in lungs or gastrointrstinal tr:v.:t) 
re:i.che5 the thnoid. 

1 lnitinld0•;. rnte = (.');i,1(0.2)(.µ!' of Imperg:mm of tissue) in reps perdny. Infinite 
du.;;t' = Initird rlo-e rate/iA, +A..). 

•From Fii.r. 1. :'llultiply the~(' r::itio~ by (\, -1- A•,) /A, for p:i in mau. 

TABLE 3-Somple Calcufo~ions for Figure 3 
- ·------------- -------- ------,\ ~ C D £ 

F::• ',• •. •: (·~I 
.(. ·' ... ,, 

.... - . -.1 ~ ; l ... ,, ,. ... ; ~· 

·1,··1 

1--~I 

- . -:: I 
" - ~I 

,') 1- :; l 
(',: ·-7i 
:t-.'il 
" I · ! ' I 
!ll-101 

J 1Jl-21JI 
211 t-:~Ul 
;)O I -~ft l 
101-tiO l 
co 1-1'111 
1'111-1,001 

l~.; 

l:.'ll 
11.·. 
!l:!ll 
li.'iO 
..i;o 
UOlJ 
280 
1-lfl 

,, lh~•·,I 01~ F;,, ., 
! ' ,,,, I I~ : 

l,iJUJ 
1, \ l ~ 
1,21;.1 
l,:{7\1 
2.2~!1 

2.!11!1 
:urn 
·1,01!1 
-l,2\~) 

-1,.1:m 

lf,·'-·· , .r 
r-.1:1n1 ;Jj 
.. r•~-·. 

, ....... I ~ 

:.:.t1 
-l 

,•J 

I .ti 
l ., 

I.• 
l; ~q 

~~. ''. 
0.5:; 
0. 11; 
II. -10 
0.20 
0.0~ 
O.IH2 
0.(12 
0. fl0!15 
0.005 

i!fJ.'!'J fl//d'r:/ ~' rrf)it:'( 
R .. 1,u;.-,. [$ 1 e~r I«~ Jo- i1.,ti11ite 

~ .... . ·,:' (',, •.... / ~-"··~ ti ,','."()ir! df1~~ ;,,,,,~., 1-(1?" 
,. .. -.-: J~l.,-; J~t ;,•HI•' !o OH( ·f µ-l'"iml 

'~-t.r.,,-.1 ·rt'·':.-.'!. ·~r,·i;•'.",.,,,• 

i-' !..•; 

' .. ~ 

: ~!I 

, •. ·.11:. 

·>··' 

! , l :- ~ I 

! . : ~t'1'. I 
! ~-,, I I 

1,1;2 l 
1;; L ~' 
1,7:'~ 

1s8:11. 1 

1 ,s,,.-, 
2.0W 
2.121 
2,1·10 
2.152 
:!, 1.1:, 
2,151; 

:~ . ii 

2.!l.:; 
:? -;)'l, 

., :!:~ 

., t\ 
..;.,.1 

1 S:t 
l .t;8 
I .5ti 
I -1.-, 
i .:r:­
O. !tlHt 
0.71~ 
U.ti:?ti 
O. ;;;~;, 
0.500 
O. -ISi 

Tt:i ... j.., n1111111." 1'L1·d i'111 l1111in~w:d de1·:1\· a~ dt·-..1·rd~1 .. l 111 lor1tr111t1..• :, Tablt· t ] ,, 
"·1-•"' wltc·re l1iolo;ric;1l t!Pt':1.v in till' th_yroi,i is ~il!uili .. :111t flit'!·", 11111lt1ply h-t "olt11,,:1 
I; h\' th" f:t«tor 1 X, + Ai)/,\,. 
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V. B. A Method of Estimating D:Jses From Activity in a Water Supply 

The value of 5 x 10-3 mic:'.'.'·.:>curies per millilite:- at D + 3 days 

after a detonation bas been set as an operational guide for activity 

concentration in -water~ This may be evaluated in several ways, one 

of the most extreme being that -water containing this a.mount of activity 

is stored and used as the sole supply for a lifetime at the rate of 

2200 milliliters per day but using the adult skeleton as a basis for 

calculation). Based on this assumption the following calculations 

are ma.de as to resultant total doses: 

lower large intestine 
(lesser doses to the other parts 
of the G. I. tract according to 
Graph follc~;ing page 43. 

Thyroid 

Bones 

-a.o rads 

... 36.0 rads 

The a:::":u..al doses fr:::~ ":!::.e use of a no::-mal -water supply containing 

this SJ!:.:)'.L"lt o:f ini~ial =-~tivity, wil::.. be undoubtedly considerably 

low-e:-. 
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V. B. l. roSES TO THE G.A..STROIIITESTINAL TR.ACT 

Assume: About 22 µc of' fallout activity at tinie of intake will result 

in one rad of dose to the lower large intestine.* 

A. (5 x 10-3) (2200):::. ll µc intake on D + 3 days 
11 

B. 22 : 0.5 rads to lower large intestine from the 11 µc intake 

C. At a constant rate of volume intake and an activity intake 

decreasing according to the relationship of (time)-
1

:
2

, the 

total dose from the third day on is (assuming 70 years is 

equivalent to the inf'inity dose) 

D3-oo = 5 A3t3 where A3 = daily dose on the third day 

t
3 

= 3rd day after detonation 

D3-00 : (5) (~.5) (3) = 7.5 rads 

D. According to ~==erence below the expected activity at times 

earlier t!:a~ : ~ 3 days (using the relationship (time)-1.2) 

i~ roug.1lly ~..a~:~ed by the increased requiren activity to 

produce tbe sz_~e dose to the lower large intestine, i.e., if 

11 µc in"ta.l-:e ,;.;:_ D + 3 ·..rill result in 0. 5 rads to the lower 

large i::i."':est~=--=: t~en <1 .. ri:L'..;:ing the same am01r1t of water per 

r...,.=-vo,::...;" ,.. { "":, ' 
""'"---"'"~-o"'"e, \-'• 

or 

7 .5 + 1.5 = 9 .O rads total for intake from the begir...ning of 

the first day for a lifetime. 

*"Criteria for Establishing Sho!."t Term Permissible Ingestion of 
Fallout ~.aterial", Dun..'1ing, ·Gordon M. To be published. 
(Th~ pertinent r~·aph from this report is reproduced here.) 
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E. Relative values of' doses to the stomach, small intestine, and 

upper large intestine and lower large intestine are given in 

reference below. The pertinent graph is reproduced here. 

V. B. 2. DOSES TO THE THYROID 

A. According to references below 13.2 µc of intaJr..e are 

required on D + 3 days to produce one rad of dose to 

the thyroid from the isotope of iodine. 

11 = 0.835 rads dose to the thyroid .from this o:::ie 
13.~ day 1 s intake. 

B. Summating from the 1st hour for an infinity dose yields 

_I 

about eight rads total dose to the thyroid. 

C. Summa.ting according to the graph (reproduced here) of' 

referen=e below, from the 1st hour for 70 years yields 

about e:.g..ri.t rads total dose to the thyroid. 

"Cri-.:eYia. for Es-':a~~s:::..i!1g Short Term Permissible Ingestion of Fallout 
?liat.::ric.l", Dt..:.r:::i!:;;, :::i:-don M. To be published. 

• .... : 

- 44 -

r [ ....,. 'I'" ,. .... ...._ ....._ .,.. ., ..... -, 
-·· ...._ - - Ji.. .it ... ,... . 

..._ .... 



100 

'! 

t 
:·1 ..... 

.! Jlli :.J c.;.¥-.;L1·~ 

. . • 

-~ '. ,. I 8 9 J - ? 3 4 5 6 7 8 9 l . ' , 7 9 1 
: r'TI,.,, .-· ·ni· '11']!!1!11i!r - . ... ... . . .. - - .. - ~ . i 'II ,,, .m1·mt -' -i·~' .: IA1!:i1l'·!i!!· i :--~>:_,_ ~ ~- - " -

1 
.l 11· J . 1 :',rt~ 9 

! i · ! , 1.)!:!:
0 !; '111 i!tl · 11 , ! -:. ::-.:=:- .: II 1 !ii. o'.\!l: 1:l 

'j '''.I'' I,_ .. ,, .. -.',.... I ' !I I ·T"f 1 1111"""1 ."'18 ,. ' . : : : i;.. I " . I • - - \i I 'I • I•: :ii :id 
; " : "I; 1' ,1' :· ; [ ....... ' I :; ··:: 

I" ii 1::! :1:1 ;,; 1.: ;ii: ~;1111',W lnln.kt! or Pnllout folnterial - - - . . _- . I I 1 Ii::! I~+[ I l! TITIG:: ~i::lG 
·i·· .. ·I ;.;,'1·::1.,;1,i! l. Jl· .1 On fl d • Adlllt IJ'll.O,,... id .,,.. - ir. T ~litrtr:'~:·~·.,. 
1 _:: ·!'i:!iil::,;! o iouuec e o. .. o ... u.1 .. 0 ·\-=--.:::.::·:-::·. .. !·I t ., 1:::·: 1!::11:t 

1 I .. I, • 11 ""I"',,, ' ' , "' .,,, .... ... - ---- - --- I ; 111 'I. '.];)r. 
•"I ;, •'I 1.,,,1 .. , .,_, "'' ·11_,_ "" 1 1 l ~· r:J I .. ; ' .. I "'I ·I ii' " t I /I I I I 'I I lj I I - - - - - I II I TT11 ,, 'J' :· ., .. 

i ' ; I:· i_::11L "_.!;::! .n: I 1 I [I j 1· l!l ''tJ 1111 \: I I 1111111 · r,'- -..==:: ~ - ·_ l I , 1 ; ;111I1l 1il,111:: ·'Ii i ' '' .: I 'o "11 · "! ' 11 ' I! 1 I Ii i I 1 I -- I->- - - -- I r I I ' 1 Lr 
1 t,, rl 1'"1 

•· ' ;., -. . ; ;11 1:.: ' ii ,,, - ~--r-~-- I -t· - '1-' l+n +w t1 111 · ~ ' - I ' I ilTI Ir 'trrr't;r -~ ·~r4 
I "' ' Ii ,1 .'; 'I ', I I I 1 I' I' 111: l'il l11i Ji I JI,! Ii I: :J\:llJ : - . - . ·1 !I 1!11 ~:11 i1:I !1:' i I• I:!: ,'II: 
'i. ":-:;~ -::t: i 1

1 i +-111t,;11H1 1, 'I! t imrHP·h :t - -41- .1t1tHi -r.~ .r~r~r~+~·1~1·~··,~·· ! ' I I : · I j l I • • ! j 1l1 I I I ! j 1 ! I 1 ~ -- -- - - 1 I I •I• 1 I I 1 lj ! , 1!• :_ ,, : d.J'.!'.: !.11 1 _::: :.ld: !l 11L! :ll tti.d1:1 ·l 11bl;!.Jri-=-- --_- .11 1 !.11!! ·:·!111 1 .~~'.· 1!11~.~~:4 3 
' ' r.. .. I 'I ' ' . I 1 r ' ' I ' I . ' j 1 " ~'I I f' ' 'tttl ~ FIT 'I' l;;T . . - 11 I ' jl I ! I 11" I ' I I l rtti"1 I "' "' : " ~ . I• I 1 . ' ' I ' ' ' •• I I ' ' I l i j ! 1 d - - - - - - -t • I j • ! I ! I I 1'' 111 

; ' ·1 . · ... 1: .. :'11·!" I I I . 1" 1·1' .I di 1Jl1 I l I 1 I I 1!"1111- - -·- . -1 1 I 1,! ·1·l•f-f 11 "" l "I"' ,1.":: 
:+:J ~ ... ::::: ·-''· .. :. ' .. I I. I': l 1111 'II 111 h +.hi:' ,11: -I- - I- -· - 111 111. 't ,..W1' ti._~;_+~:.'.:.. 
I' .. "... .. : ' I • I I I I' I I I I 'I I II 1pl -1---1- I- .. ' II I i 1, "I l''I I' I" 

I u u k._::· ;j.,~.1:.::_:l:~;:!JJJl i I 1 i ! I)! Wl tiJhn I nt 11L 11t 1111-H-~ . - 1 . 'di!1 i 1, .i LI l ~:: ij~ .:nt~, 
1!.,,,1:. i·l1·'·1,.

1
,. 1-1-1, 'f'T0 1r1; 1• 11 1n1,tn

1 
:111'1 11i1~ 1 ... 1,~1 1-1- . !It i 11l-·-l 11 11rm;.,, 1"11:·'· 

..... l . ., .. 1'·'· -,,,ri.:.: 1 1 • 1·l"''l1 -t1t1j
1

,
1 !t'''I '. -· r

1
1·1t f,,.1,111 .. •

1
··11 

; : ;,. · '[ · i , 1- i 1 r-1-- 11 1-J 1-11 11 1111. 1 1111 1 .111·; 1 ,11 11 r IB~' , ;·
1
•
1
: r" d1· 

1
: .. 1": 

, ··:~· 1!Y": 1, ·- 1 -+-· 1·1i-:1 1 !"Ii" 1t . ·1 111 1 1 •1 1 -.--··I ·H 1 ·r"""":~ 
.. ---· .. - -.-. ....... -. ••· ~ • H +J~ im 1+ h H 1-U tr;-;-·1-i 

il) r ,, , 1·,ri-:·r· i· ... ·,, ., .. ,.;·1 :,:.· .... 1 .. : 1-- l- J t- tTJlii: H j 1,.1:1.11!1 :1 t' r-. il1rjh-1~ 1 ji;.;;: 1·, 1 .!4 1· J. t .. •'-' ' 'I ' . ._,, I ' ' 111[1'•1\' ' ',I 'I' •I rlj' I cd '- i! rr:li·. 11'1'; :i •iljf'i::': :1. -1- - -- - 'I I + Ir I .r ! -~ - '1 I ; 1! I 1 +;o:,;IJ, 
Ill+> ·t 11· 'Iii':. i .... ,,,. ,, '·' , ... ,,. -l- - . ' +i • · 'r - 1·1' , I 1 , 11·•1"1'!' 
QJQ 1-f~l1_J~.::'~':~ 11 1 '''.!'·":.·'1.:,,t.1' 1

: 1 -1t+, ~1- Hfp f1il 1
111 tl~t 1ltrr1 ·1\1IH111 11,.11!-1· 11.,,,.j-iJ.i11'd•:111 .,.,H UJJ ".,,. I I, .,_, .. 1·:·: 1·:·1.. :~t- 1~lJ.!j11 11 , In 1 .11. r 1~1 r, 11

1
• 

~ ...... i i, i"" ·~ ~!rr1 :n~·~---. ;;·r:·' ~::: ,-. -ri-r: 1--t-r :·T . :T 1: 11 QT1 I! !: ~ 1 . ~ :11' rni ;1.· --.'°_ :.•=-... ~-· 1 1 , i 1 i n1 Tf1T,\r:
1
' ;1 ::1': /~~. 1 

g 0 : '..Ll.lr_·_, '.~ul .-.~ ! .. , .l~;(: r.:! ~1·~;-1_-rr_ -;-c_'. :ElDl 1'.~c.1~~J.t 1 • _11-1' ·1i:lrr;:~1rr1 L-;_-=·.>1-.-, 1 it! .. :! iql !;ii q::tF'. :u~Jl~L,:·r: 
HCl.I r :71 ... I· ' · .. ·t·•··1 j- 1'1 l'''TW, ·TT"" ·1tri···1n """"I'! ~::Jc-·' i1··iit:mr:mr.r.+m ... n·1 
(J s ~::: '. t[:fil I. i : : ·,"I-:·:'(*· -·-;Ji: .I i!!iliiii!" r '!!il ;t1i 1iii·ii :j,:-:r--=c:=;_::_o~':: 11=.,tl: :;llifi!---l-:: Ll_;!11fW~;l~il,£:i8'iJ, 

.,.., 'ri .. ]-"'1,~1 1 ···--.-· •:- 'l "-;" :-~.'.rtS, -µ ·n·-~· n-.+M •r .. . " " . ' I . '""; - - i'1 --,, ........ ltJ'7 .. -, r " ...... ~ .. ~ +> ., .... ., .,1· 1 .,, !'-·'· l"I ', . ., .. - 1-t-- ~ -• lj, 1.,1, ·ill 'll' t., .1,. ·I j Ii. 'f' 1, 1 - --1--•·· - 1-·- - Li 1 ., 1, !., , • • "I"" .. 1 .... •• , ••• 1 ..-- 11.1 t•·•· ,,_., - -- ,..,.._ -• t•i • , t-• ·t, T 1 ... ·t-t--~.__ __ .-- - l-~ 1- •ti .,1. itt ....+1··•·•t<i•• 
• . ~ ... _ !.... .• 1 ;. LIT 1-~.J..~-!.~~;,, JD, .<J .:: -·~- _, T • • • ·-· , •. -.it 11u~ _rm 111 I. 1. , •• 1 1. •• .r. 1--1- -~ =~·- .-. ... :=i1 : .... hrd -: , .. .:. 1~~ .... ~ 6 

..... - .. -•i· ...... :, .... """''-""1.·1"·' -.-,_1 ·i-1 't. ·tttiH ''IU _-t;, .• ,1 .. 11··· ·1" ~·ttf .... ,,~" .. ,,. fµ" ,., .. ,. ~· ~ .... --1 • ·1 .~: l····· ,, I' 1~1" •1 •T-1 -1 I-• t- 1 1 • ·t-11 t +IT ~ .. ,'ti.tj-. lrtil - -·t-• - ·+H-n+· +·~-t · 1-+•• .-.....,H•1p••t· 
........., ..- ·•· · · ·•· •·· • ,· ··• ;, :, ~ · r•·· ~-, r-+-t--+ 1r .. , I +•-r·+ln·1'ltn. --.---f--·-t-t--- i .. l --i·f'l1T1' .. .,.11--.-1· •t1i1 t .. ,.-... 1 .... ~ 

...,...,.~, .•. !l~ilt •· • .. ii,~ • ., 1 -i"'. .. - .,-t H-..-j..l...i- tlfi 1 1 1-....1--,-1 .. 1 r1tfj I ·t+h- H+i T t 1~ -.!..~.~ .. 1tt" 

.j..l ',., · 1 · ·m· 'J'' ' · 1· ,, ... ''J' ,. I' I" ~-I 1· ' 1-fi- . ·:g- .... ., 'I u·1 rn:;![_ 1H '". "" ·~· IH' H~ r ·1 .. ' .. 1 .. 1'+l~tt. ~1 '' 1~ 'l" r.:: ..... 

',-; · 1 · ·~;r:-·:~l ;-' '. .. r· ·; ·: ··· 1~."; ':';" -I }'"; l '"'; ' ,. j 1 l -i-lH ;+H ,,,, r1-H illi 1 ,,,. HI' llH! .ml H- - -- ++I+ l ~j i i-i! 001-· tr11 ttt "1' ;,), ~; 
r .,,, , .,, r;. I:, ,, I l.1 .. ,,,,,.,. -·- · 1"'(_-·: ·1·1 rd•..;l 1 •11•11~11:Ji ~ ltttl 1•[1J.,h.\1 ' iffi"' ·-111· 1 "'r~· ...... . 

, t -1 •. , i· ;_I·.~. I . i: , ; ··~ , . .,, ., -r '~ i~ ~ -r•· .,,. L1i1 :1....-1 i•n -1-• • 1-H1,,ti1tl: •1.1 ,t th T~ • i ,'T...-L.!:.c:: ~:-t i ... •·· 

'f- . ; : : 'r:·t -'.~1 · l . : ... ' 'i~: :-.,:,· :.:~: .-:~n-::-·~:-, "l. TT}tti Ti1i ·;:; '-t1'., ~•I Iii: '!t~ ;ff;:, • ~ -+ + - -\~ i 1 l1!· .ri1~ ;;,: U;-; ~lT l.lJi :r.·t~ At·· 
4 

. :- ;: 1 : 1 ~_4-; .. i ~ ·~.: ... !:_~ .-:~·~r..::;:-.:"'" : ~~-r -f-~··; ~ 4: :.r_;~i:;.;.$: 1-, .-n_:~-!-~j;~i.;_n~!.!.: 1 :;: :i-.::.1-1-T t::L~-~ ~~--i:·:...~~- ~~~;.81;.,.:.s: .~'..;. . ;_,_ -·-·· .. r, .. . 1 1 ..•. , ... ,, - , . ~ t" • r. . ... ,~ , ;n, . iiii --- . ~_, -1 iTI', l.~r ...... r.T. ~ , , • 1 ., -· =f--r-·i"T'•··.--~l~r'• ', .. , ·t·t•J,,,.,.,,. l-~ + .,.-•. I t-., . , ·1 .... t ... W.l.,TJ.r,. ----- +T--:~·-1 11f~~l·•·r - 1tl~••-+ t~r ,,, 
. 1-t.. i-.-1 1 .1, ... "_r"~l 1.1 ..... ••:.·1 .. l ........ , r .. , 1 1mfID.i111,1111.MJil 1Tl'Jill''' '"ll u .. :i1 - -·-~f -f=·'f· 1-!}l !T,. "1' .1 .. if .. ii" .... ·!''"/ .. . 

r-: _;-~~~~-.~--:·! ~;~ :+s-.:.t1:. r'-:..;.ir ~:-'·:~-1~~:·'. 'i . ..: :: ~ ~ -· ~r- -~~·~ 1 ,:-rH-.:.~;;.;.:~ fitT .. ' f1;-;,,h-~;- ~ ~-- - t- _; -H~ tmr·t; ~;r-:~r· ;·: .. ~~~:tv'f:'~t3 
I · ... J._,_ 1:..1~ 1 • 1 .... : .... ,,. "· '". ·•I " . -·I I 1 .• , .I. ;1 1, •t 1'! j 11 1 it ii· .. ,1 .. 1--- ---- rl~ 11 .. + 1 "1' •11. • .t, .• 1,,, "'" 

• ,-1·t-·,-·- j l• · 1•-- 1•,.1 ,· ,ltt'r• • • l 1 t· 1 1•l ,, .. -t • I I --f- -,._--l 1 l-111• 1 1•1 ·• 1••• 1 ~·11t1 
I ~- ' ·- .. J. ' ---'-'-' ,,,.1"'~···1--".:-~.;. J.:.: 'i· '!~;; J ~ .,..' 1-.::J__ j 1- m1:l;..i-~i1 ]ti" illlfb .Li! ~ 1~1 ·t' 1dl ~!h l:W --~ 1--~-. J_ -m~ r 11 I :r.1 •d~lr:I- ! L! td, AT .:.:~~.,II 
' .. -.-, .. , .. _,I " .. ·m·1T1 ·. I: ' ''.'I 111 · 1·· ·"~I IT I -11 .P 1' I hi'' '11' 1111 Jlt' 'lt'''.T'.T!" l11·rl :TI·-->---·•--!- -- - --j 1r-11·lf.l"ITT1 - ' rt'' i' . "'If" •. -,-···I- ·-·H·· •• 1 .... ·1·r 1· , ..• ,, •.• , 1·1··i't1 1• ,, ··1- 1 , ·rn1 • in:·~-- 1:1'"-

1
,!., -· ,1 , ........ . 

\ !"";--f-----t1-1 ~' ':*'~' .11 fl :•: ,,, ••• I 1 t -lt1 tl _,I 1 f ,-t I:~' '!ti I'--..__ - - I '--+Ii .. l··11·~·t1 · 
.. ··1·:- ••. , !, .. , ··!\·r.J· 

1

._1 ·1 .,1, ! .. 1. t .... 1-· 11-h .. ,1,1,~·1wu ,W1,, ... 11··1--~--·- ·- __ t 1fiL,,1>--r· .. f .•. ~'t1 Ill"~ 
1 1··. '. •. ,1, .. -'-!·-r-, ·:-:i.-~:·1~-·+:~:~r:·;r:r,~ 11- : j;-r~ ,-111 h'' :~mr~~11:1-r-t.ilffi11 • 1~.:J. 11n·i f+ If R~'h 6 .. -1··;t1y.1,.,,:t~.,, 2 

' . -·-·-·· I ,., 'If'' ·1·n: .. ., . , ....... " ,. ·--I- -1-1-1 ! f' -rH n·-t 1tr. ~1 d ·ni·11 t!-tt· ·11 
l I i+r~···" ... 

1 ·:·~-;-·~-:-i·:1:: :.:~. : ::' .. :.-:1 :
1:::: ~-·.::±-1··t·:~1·'T't~~;1t1~'t:1·i· •t 11•1·d'r,•11

1 
-li i'H ,-11{1l~ jrH1·1"';" 

·· :·-l-t- -:+i--t - - - _,_ , , h ti•: irtf 11 -t !t1 rN.!. 11rt th \:" :•1 . - · H ·til 1!11 ri~ • , . It ~ r,I ,, .. ~: 

~ 
' J ' ....... t#ITT++' ' ~. '11 /I I r...:_-rt1Jrf, rrr1·;:: H I " ' ' ~h hti 'TI' ;"'1· -~ - - I! In i1 , i •+11 .,,.. '111 'I i 't . " ·•ti i,. .. t· 

.1.t't.:r Detoui...•.io.>. (Hot<~-s) - - -~~ - -T-t 1 ·~ rt\ rp';h I 1 \ l' 1t;;.li !.::1i,J- ·1 1. d1 t!j#J r1 :fj I l iiii 1_1jh :1rl 
- . I l1 ·- ~l t' r·:-: + j · t- ,,,,. , - t- . ·- . , . ':11 '" 

10 • ,+++W+H rm 12ilJJ!llr: i ' n I Ul": illi' X:i!f!i:P c-~; • . . ' t-lt t 1 fi Wj (11! ~t~ ml!mh il m1mrn ~ - IT If h-fh I n 'rffi: It i' I~ 1 mi rl, :llli I 
. 3 I 5 c J . fl . 2 4-111 4 5 6 ~ 

100 
3 b 7 - - -i 

1 10 1000 

~,4 

,,j 

t.-

r.; 

I . .., 

~ ... 

i 

' . 
I l 

' . 
r; ~ 

1- 1 

; 

' "1 

~ .. -4 

L: 

~ 

J;..~ 

• 
M 

w 



V. B. 3. Doses to the Bones* 

Step 1. Compute the total dose to an 'organ from a daily intake of constant 

·volume or mass but with the activity intake decreasing according to 

radiological decay of the isotope. 

A. The dose (ignoring for the time any biological decay) to the organ 

from any day's inta.1<e is: 
T '?"' "')./ 

D:i_ = Ro Je • ),rj' di' - Ro J e -f..rl d't' 
0 0 

Where: . DJ. =dose from any days intake 
Ro =initial daily dose rate 
~ =radiological decay 
T =number of days intake r =time in days (variable) 

Di = ~ (. e ->-r-'t' - e ->-rT) 

B. The total ~ose (ignoring biological decay) to the organ is: 
Ro T 

Dr = A; f ( e -}._r'l' - e-\.T) d't' 
() 

- .. ~ 
\ _.,, .. : .. 

,_, 
J + J 

, ., , ) ' ,_, " - , o-:::\ 
\J..-- ''··~·Ji ... -- J = 

I 
6.37 x L-·L~ p.c Of s:::-90 inta!:e G~'l D + J 

(1.59 x io-4)(µc)(3.2 :t: io-9Ha/da~r-~1c)(l.O)(N~v)(L6 :c io-6) 
lOO(ergs/gm - rad)(? x io-J)u;ra:71s) 

1.16 x 10-6 rads/ day 

e""'rr'"' !-,,=-··· 
J. t_,-.:J/ ·-'-·-~-::: 

~!{Jnder the conditions assumed here, that the water is stored and used as the sole 
source of su?ply for 70 j~ars, the strontium-90 content accounts for al.most all 
c.: tr~o t·J·~.~12. c:.os·~. 
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