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Mr. Thtdm! Mitchell 
Executive Director 
Nicmnetian Lqal Services 
Corporation, Sutte 300 In.’ 

. 1424 Sixteenth Street, NiW. 
Washington, D. C. 20036 

Dear Wr. Mtchell: 

The DepaWnent of Energy is pleased to respond to your letter of 
August 3, 1979, in which you requested copies of a nunber of records 
pursuant to the Freedom of Information Act. The following responses 
are numbered tocoincide withyournmbered requests. 

ftanNo.1. The stateamtis based upon testimony presented by 
Piessrs. DeBrum, Weissgall, Deal, DeYoung and Mrs. Van Cleve, and others 

'@Hearings before Subcomittees of the Comlttee on Appropriations, 
Rouse of Representatives, on April 12, May 22, rnd June-19, 1978. 
Copies of pertinent portions-of that testiamy are enclosed (Tab-A). 
Additional relevant Information is available in the Hearings testiemy 
conducted by the Subcmnittee on July 25, 1978. Ue do not have a copy 
of the final transcript of this testimony. 

Reports from Brookhaven Rational Laboratory indicated that the Cesium-137 
levels of Bikini residents incroated with time until 1978, and decreased 
thereafter (post-relocation). These data were based upon whole body 
counting measurements. A smnary of this infomation is enclosed (Tab 8) 
This increase in body burden coincided with increased availability of 
locally grown terrestrial foods, particularly coconuts. The Cesiun-137 
measumnents suggest that either the quantity of imported food avaIlable 
to the people or the quantfty of rvallrble Imported food consmed by the 
people was below that level needed to moderate the increase in Cesium-137 
body burdens as locally gown foods became available. 

Item No. 2. The aerial photogra hs of Bikini Atoll (which I believe 
have previously been sent to you P show that the Bikini and Emu Islands 
are separated by approximately five miles of reef. At low tide it is 
possl.blr to walk from one island to ti--other. Considering the facts ,.: . . - 
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that the tsland of Btktnt Is the longed-for how of the Btktnt ample,,. .m~‘*vmoL 
that houses aleady txtst on the Island, and that tens of thousands of ,-_ 

:. mamut-tner are on the Island, we feel that It Is valtd to ntse ! - W. 

t)w -questton of whether or not access to Btktnt Island can be controlled DLt= 
ff the people reside on Eneu Island. (See also previous comnents of 
Mr. DeBrun.) There are no other records covering the request tn ._...'Y.OL 
ItmNo.2. 

Item No. S(a). The bcpartzmt of Energy has no records bearing upon 
?TXfi~ 

this subject. Inqutrjes of thts subject presumably should be dtrected 01Tm 
to the Oapartment of Interior. 

Item No. 3(b). Please r&k tb the Brookhaven Nattonal Laboratory 
",&..".OL 

tnformtfon provided fn (1) above. If body burden levels of Cesim-137 D**TiliL*/ .,a. 
were to be equal to or greater than 3 $A, tt would be expected that 
radlatton cxposuro levels at or above 500 nilltrem per year would result. k 01,s 

R 
hfs assmptlon Is based upon Publtcatton 2 of the Internattonal Comissfon 

on Radtologlcal Pmtection (Report of Comlttee II on Pennlsslble Dose for~=.~v-.~L 
Internal Radlatton). In that publication tt fs stated that!% maxfmum 
pemlsstble bo@ burden of Cet?m-137 (assuming that the total body fs i?&flz&wwu? 
the organ of ctitfcal refererce) for occupattonal exposure Is 30 pCi 
(see lab C). Stnce the occupational exposure ltmlt Is 5 rem per year, ’ -- BITS 

the body twc?arl fe * Cz;:uz-137 ,&ultfng In an exposure level of l/10 of 
5 rem per year (I.e.., SD0 mil1~r-m per year) Is l/10 of the 30 pCi value, "T&.."Y.OL 
or 3 uCt. -- WrruL~l l ,a. 
Item No, 4. Lawrence Lfvemore Laboratory (LLL) currently ts In the 
process of prep *pfpn +~Wcn~ articles for publfcatlon tn the sclentfftc OIIl 
lfterature addresslkg these issues. Consequently, the artjcles as such 
do not yet extst, and the Department of Energy oCviously does not possess I)Ts.‘"".OL 
them. However, enclosed (Tab 0) Is a copy of tnformtfon uhtch the 
Laurence LIvemore Laboratory sent to the Department of Energy consistlug "~*I=~ww. 
of the food concentrations of radionucltdes which LLL used tn calculating 

D*T. the dose estimates mder discussion. 

Item No. 5. The substance of the request addresses the basfs of the 
declslon to employ the Federal radlatton gufdance. The most relevant 
basis for this Is the Federal Radtatfon Council guidance as presented 

the Federal &iste;over the slgnatures of Przesfdents Efsenhower 
and Renx.-T* -- 

The text on page 6 and footnote 10 on the same page address the AEC 
mcomnendai~o~~~ F&V Plamlng ht Enewetak, the bases ifor which are tn 
the Envlmnmntal Impact Statement. 

.5 : i .-! .= 
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Item Ro. 6. Lawrence Llvenmre Laboratory- Is In the process of 
preparing thls doclabent. It is not yet available. The dose cstfumtes 
men provided by LLL, however, and copies of *at-the Department received 
are enclosed (Tab F). 

1tm1 No. 7. In response to your FOI request in Item No.7,the mrds 
you requested are at the Lawrence Livermore Laboratory. They are In the 
process of being assimilated. As soonas theyare forwardedhere, lt 
will be deWmined whether they can be released and you will be proclptly 
notified. We anticipate no problemts at this time. 

Item No. 8. Risk estimates of somatfc or genetic consequences of various 
radiation exposuti levels were not made. Risk estimates for somt of the 
radiation exposuw values Identified (I.e., 170 millirem per year and 
5000 millirem per 30 years) are given in the sum~lary statement of the 
National Academy of Sciences-National Research Council's Report of the 
Advisory Committee on the Biological Effects of Ionizing Radiation (Tab 6 

The Atomic Energy Cbsmission Task Group Report published ln the Enewetak 
Environmental I 

Y 
act Statement, Volume II, Tab B, pages III-11 and 12 

provider a somat c risk assessment for a radiation exposure of 250 utilli 
per year, the recommended radiation protection criteria for the whole bo 

“to. .““.a. 

exist. 
I*lllALW .10. 

is respensive to your request. z. . ..I= D1TL 
Sincerely, 

0rs..~".OL 

and for bone amrrow. 

Item Noi 9. No such documents 

We trust that this information 

7 Enclosures 

bee: Mrs. Van Cleve, DO1 
Mrs. Clusen, ASEV 
Mr. Hollister, ADASEV 
Mr. Whitnah, OMS 

Bruce W. Wachholr, Ph.D. 
Office of Environment 

Dr. Weyzen, OHER 
Mr. Deal, OESD '-" "% 
Mr. McGraw, OESD 
Mr. Brown, OGC 
Mr. Gelband, AD-44 

DOE ARCHIVES 
-- 

. EV 64620 

DOE FORM AD-9 (l,n) 
OFFICIAL FILE COPY 



--_+_?_._’ -- .*. -_.= - 1 _._  ̂ _  _  

‘4 
-....--- __ . ___ __.._ .._... __ _ --_ . . ..-._ ._‘. . .._ i ._ >- A, ‘. F -.. . . . . . . 

b 

A 



1171 

Mr. YA~z~ Were the Bikini PPPP]e under Federal radiation 

Thq were but tbe rdiation doee from intake of food 
hrdtle . 

Mr. f?zzs!z WIT go over the top! 

w 
SODS 03 the people have gone over the top as far l the 

QSUITI evcls. Thc~ ?are vex close to the maximum allorrnbl~ do* 
from the maximum of permx+le unounts of ocsium. 

Mr. TA7E6. Are the ~~ 

from their 
Tts.and eg ar0 

Qp”ple h+ng in the houses ?l?ng >he r?ad ? 
ttrng the rrdloact1r-n~ UI thw h&e: 

let, fronr uting the ocrll~ grwrn foods. 
h ntrospect, this is pr&&l~ the big mistake mde in the byin- 

ning of tbe rewttlement p”gnm in that ue made recommendatron- 
whrch turned out to be impractical in the aense that to have gerden- 
grolri 

Mr. IT 
but then tell the pe-ople not to ut the products. 

A=. KU he told to vu his garden urd ut thrt food I IYe+ 
be told that he could do that ? 

FP 
The original recommendations prohibited eating certain 

oft e ocal foods. . . 

Mr. YAW. This is right. But I think I nrd here the’houses were 
built on pads of conI and that they wcrp told not to eat the cawnut 
crab. YOU a~ you brought in outside foods at the initial stares. 

Was this to cut down on the possible intake of radiation &duals5 
Did ton bring in outside food from the strrt t 

I&. Dr.&Yes. sir. 

Mr. TAG. I 
e;” 

ess outside food is otill being brou ht in. 
Mr. DETO~NG. 1 KU not until err11 lrst 7-r. Mr. f! .hrirman. that 

the tree cqs md some of the other vegetible crop began to hecomr 
fully productive. So up until 1977 the had bacn existing primaril\ 
on food pducts that ren broupht in ; rum the outside. Some of the= 
werp surplus rgriculturrl oorumodit~ foods plus the locrl marine food 
rhich hrd been cctiified to be suit&e. 

YOhTlOPINO O? l IKIh-l XBLAND 

Mr. PA=. When did the> get the tium then! 
Mr. orl'onc~. As Mr. Du?$&crted, when this high level of o&urn 

r& rrverled, s series of udpses wepe cwritd out. 
Mr. YA=. When VLS it rrve&d t 
Mr. ucYomc. in 1976. 
&. YAP. Then the Dawrtment--rete you still the AEC in 1976 ! . 

ERDA in lQt6. 
becune 

t 
n 76 pou firsi emnuntid ihis kindp 
you had hen rruking of the psople . 

DOEARCHIVES 
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APrill9u?:uurreytolmlnpprl8&tr 
ID order that dou estimates an k 
made for BIkld Atoll reddens. Tam 
led by Unlrcrdt~ of Wuu Ex- 
ternal ndhuon m-1 by the 
AEC Heam md ikfety frtm8tor7, 
EASL. 

FebrPrrs X98. Survey work done COD. 
cunentls Wtb clcro~ opnUotu by 
l?nlremltr of Wrbbhqton d~drtl 
for AEC. and by dt~tlrtr o! the 
Western Enrlronmeota! Besad li- 
bomtiry of the EorImnmeDW Rot@- 
Uon Agency, EPA under a mtmor- 
rodum of uodersiiD6hg web Am. 

fuoc 1970: T- led by Unlrrrdty of 
WeaAtnflon rlth arrttdprtlon by 
8t.aff of the PublIc Bmltb Service end 
AEC. Collcctioo of the irrt aft nm- 
plea. Ah cohcted roll& pIAnt& UAI- 
mrlr rod me& rdffltioa~l: erterael * 
dirtion measurementa. 

Xay 1072: Follomp mney corhcted 
&et comnuta plnatcd 00 BIkInl and 
Zi_d T-'cZGk k3b 43Rdag ConItRIc- 
tio~ rtrrttd on Blkinl MAD& Teun 
kbby TJniremit~ of~rm.hb~on wltb 
prrtlcipa~on by rlentlrtr from tbe 
western Enrirormental BeBmrch 
Labor8t.o~. EPA, sod AX. Team 
pert0nw.l air rrmpling. collected 
lollr phw eoi~lr, end mrde ez- 
tern&l rwution meullrcme5tL 

April IBi4 : Follorop rarrey of mmer- 
oun Atort LDclodin~ Blkinl, COI)- 
dnctcd joIntlr by rul of CnfreralV 
of Weebington cad BrwkAewn Ne- 
Uood lrborrtory for tbe ABC. The 
Bllney tesm eouected rmpln of 
mile. plnorr. l aimrlr. grand water. 
l nb -de l xteml rrdhtion - 
ti wriw.-.?.- 

,.:;: E r of 8Rmerotu 
P ~&oct& :,~~tly by Dnirer- 

tilt+ of Werbington end Brookhaven 
h’rtional frbomtors for the ILEC. 
&apiu of DOII iod food eoh~ted 
along rftb u*rMl mdirdal ND- 
uementa. 

Confirm ewller 8uner rrmlb &velr 
o! RI fn tir are two orden of megni- 
t&e below FBC @da. kc 
IWBtlllr. 

tidfonoclide ktelr l louly &rub 
lag tirlier utlmetes co&rmcd by 
ther deu. 

POE ARCHIVES 
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April 1976: A rurref of crtemrl ndir- 
t.io~ 1eTelr on Mm Irlmd. tbe 8d 
Irrges; island II Bikini Atoll. COD- 
dotted bF Brookhaven Sational &b 
omtov for ERDA. 

&ptcmtW 1976. CODduct Of & joint 
run’er of 5 Atolls iocludinF Bikini 
ha Lniversitf of Rasbinpon and 
Brookbsren Sational I.abor&toq for 
ERDd Surtepd external ndirtioo 
1crcl.c and collected eorironmental 
rmples. 

April IBfT: Oite ridtr br Brookhaven 
Satiooal ~borawq to pIan iorWla- 
tion of *_fndmill porered air mm- 
olinf Ntionr Bikini Atoll aoe of 
four sita ior ioog-term air urnpUg. 
Work mpponed by ERDA. 

bporure ntw 00 Bikini Irlsnd 
highi! variable EDCU Island do.r* 
nres lower thrr. Bikini. Cfmerir 
rater on 1mt.b Ir$andF ir rmptnl~le 
for drinkbf Some well rrler Ic- 
apuhk. other rellr unrmpulble 
for drinking. he TCRWIPYI. 
mm BCY. 1. SIBIS P: I. 5217G. 
51ES Pan 2 516X’ Pan 3. 51KE 
Pt. 5. hTO-SC : and BSL SO;!4 

To lw published 

To be published 

Bite ldeotided. apemen obUined 
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that there were other Mar- 
sbrllese in the work fo&uho rere norfrom Bikini. 

Mr. Y~rrs. You examined them as well. Were thes examined 
thrpugb that time ? 

Mr. wYon;c. Yes, RS long as the1 werp on the island. 
!Kr. YATZX. Go ahead. 

fr 
A37z 

LL. We l&.er included collections from the people ubo had 

done b 
living in tbe houses: monitoring tbe Bikini l&dents WFIS 

Mr. \ 
whole bodg counts in 1971 and 1Oii. 

.ATES. what is & uhole MJ count? 
Mr. DU . That is a oeT sophisticated counting system uhere you 

cllPen la t nt in a chair and uhere you have 8 counter that detects + 
radiation-from tbz c&urn that has been taken up in the body. It actu- 
all 

%I 
counts the body’s burden of c&urn. 
r. YATEL Is that the same strontiumt 

g! TheJ travel togetber in the bodg. You can see that the 
if& nlum* 

Mr. YATU. TheM are like the heaven17 twins. 
Mr. DuL;Srov c&n mtLSure the strontium uith urine samples, but 

uelhove not ~IWU able to see much of that in the urine samples avail- 
able to date. TheT do the whole My counting sam le for cesium. 

We had l m&j& resun-eF of Bikihi and Eneu Is rnds in 1975. f 
. 

Mr. YAW. btil ?5 you found nothing. What did pour tests 
shoa 0 

W 
r Du That is uhen ue began to see the rise in the cesium. - 

ATES. Kill you place in the record a statement representing 
the levels rou found ? 

[The &formation follows : J 

POE &XCHIVES 



MAN CEStUC137 LEVELS DOTAMED bY WDLE BDDY CDWYtllG - 1974. 

WES Fmm 

ao. NW nCl/kq body wt..* NO. WCf nCl/kq body wt.*- 

blRln1 8 .128 1.84 (0.43-5.11) 13 .D73 1.15 (0.22-3.26) 

UtlrlR 9 .262 4,D5 (2.64-6.64) 13' .I33 2.13 (D.%-3.65) 

mmqelrp 22 .475 7.76 (4.37-16.3) 24 .304 5.13 (2.71-13.46) 

a-.tem4 :DO3 0.0352 (0.0134-.0791) 

Werence - t~W424, "A Tmmty-Yew krleu of IWlcrl Flndlnqs In 4 krshrllcw Populrtlon kcldentelly 
txmmd to hdlorctlve Fellout," Conatd, Scpteahr 1975. 

Hnlcrocurlo 
***WC 43 nrnnrmrlct ner kilogram 



,- 

HEM CESIW-137 9OOY WUDEMS II ADUlY HARSHALLESE - 1977. 

W.ES FEMES 

llo. AICP nCl/Kg lbdy UP* No. NC1 nCl/lta bdr Ut 

lbnprlrp 34 

utlrfk 27 

Wlnl 22 

Micrl Tam 7 

0.296 5.04 * 
w.11-• 

(Om-0.660)-• 
3.97 

0.119 1.79 

(&&219) 
3.77 

i.301 19.1 
MI.73 

(0.568-3.232) 
30.6 

,.OW .Ol% 
w.OOOs2 

( .OOTbs-.00216) 
+0.006 

l R&mco lrno Cmwd, Ml, to Llvrmn, thy 11, 1977 
“?llCroCurl~s 
l **Nmocurics per kllogrm of body might 
w*bStandrrd devlrtlon 
l *&V!angc 

20 0.162 3.13 
+o.OM 

(O.@J7-0.279) 
3.1 

21 0.0781 1.29 

(0.%&1) 
+o.!H 

20 0.926 14.0 
+b.47 (0.554-2.234) 3.3 

D- 
$ 
0, 

. 



_. 

. . . ..mm.. . 

MWI CESNJM-137 BODY RJRMWS IN I4ARSHAllESL CHILDREN - 1977. 

w FENALES 

ne UCIW 

knie1.p 5 

nCl/Kg lbdy NV** nn. rrc1 nCl/Kg body Mt 

0.217 7.65 5 0.265 5.97 
*o.Ou-• t1.21 to.092 t2.1 

(0.168-0.246)-•* - (O.f54-0.3%) - 

utlrlk 5 0.%63 2.22 5 0.0643 2.64 
W.016 to.66 +0.021 l l.l 

(0.~49-0.091) - (O.u51-0.106) - 

bflfnf 3 1.04 32.3 3 0.661 22.3 w 
W.26 t7.6 to.29 

(o.II!f4-1.331) - (O.T06-1.1%) 95.3 3 

. 

WWmco m Conwd, Ml, to Llvemm, ky 11, 1977 
~lcraurler~ 
l ~nocurfer &kllogrrcr, oi body uel9ht 

w 
H'4ftmdard dcrlatlon 

8 

w**'*Rangc 

F? 
. 

I 

- 
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! Yt. Yqa. pn in m won l m ERDA yu 

=!%G%zsn 75nre4vw4kedbythe~tnfInteriorfor 
&fl!4% DUIhhg ddithd ~DUSES in the intcti~r Of Bikini m&nd. 

It WM ti that time we mount& l nther large cuwey effort which 
included l lot of 
instrumentr. We r 

ple pinp out and walking &round the island dtb 
rtvugI~rpsurvtpdontrtthttimtwitblbOor 

40 peuplc going out md mhing masumnentr of the &I, rrttr sun- 
pIas. vegetation swnplss. urd mawwing the erternrl rrdiowtivitg. 

Mr. YATIS. Wers theae ~.MA being taken prior to 1975 RS dl9 
~Ys. But nti anwhere near the ncdt WC did this time. We 

oonrntmted on Bikini Ibid. It is pr#littel~ for this I~UCKI ut rant to 
hare an am-id st:rrey because we can cover much mora tcnitoq and 
much frster and VW an ss(! the same ievela 

When you hare a person ralkinp wound, it takes morP time. 
Mr. Ihuc~w. 1 undcrrtood vou to SR~ that this rise in the lercl of 

meawwnents of strontium b&n in 75 and thrt your pnliminnq 
analysis indicata that it is awning from tbt food source and that th&t 
food source began t43 m&n3 lrst gtrr. 

Ho= can we meawe the incrsrse in 75 when you sag thnt it is corn- 
ing from the food if the food rrmr’t being produced uitil ‘i7? 

rtre fea if an? 
tar%&?% items gmm in Bikini Island soil, and available for 
their use. There rre some things that ~TOK wild. There ~ctr~ a fer coca- 
nuts and wronroot. TherP US a signifaant planting of coconut tmes 
during the srigcui*vrrl mhrbilitrtion effort. 

Mr. Drrscns. Those uem the ones that be 
not correct 9 We a~ in ‘78. no last Fear uoul $ 

n maturinp in 761 Am I 
have been ‘77. Ruf noa he 

ir sayinK that the planting began to matup and it was 76, s ue BIT 
_& nwtowinp the gap. 

Mr. ~r~orsc.~tstdrted in ‘76. 
Mr. Drsc~s. It could he cownut or ai-roaroot thsi US being con- 

sumed prior to 76. You w to natice a rise in the levels of cesium 
and t.h8t those lttcls have risen morP rapidly since the domesticated 
plants matured rnd weIp consumed by the inhrbitonts. 

x!-+:_:_ 7 K. Y.. .;rerp initially using a prpdictivc capability for n 
num r of Items in the diet that rre now growing in the rtoli. All we 
could do at first uas ample the soil and tv to predict the levels in 
food. 

Mr. YAM. n%em rem they coming fmm? You said a number Of 
items ueix not being gmwn. 

v 
‘IF. A number of items of the normal diet uere not lo- 

a 1 rvrllable uhcn the people first went back. Those things have 
subwquenFl> become rvsilrble and ut wt seeing m increccse in rraila- - 
bility, l c lncreLSe in uptake, and you can? see at rhrt exact point in 
time things occur&. 

Mr. D~CAS. Is them a level of sophistication to measure this that 
has been incnrsingt So we might rttributc the greater levels to a 
gyter_8bilitJJy meryurr what ys them rl!rlong ? 

_ .measuIp It uslly. 1 ou can rlwrvs rnwuR if 
i n‘T&C -,,il and vegetation and rent througli a verg CC&J 

POE ARCHIVES 
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kborato~ procedure. But nou we an do the me thing with instru- 
meats t.hAt Lr2 #&AtiorIq. 

a Let me ansuer that a little differently. Sevcrnl years ago 
no one uould hare thought vou could trke n whole body counter intcl 
the field. ?;ou it is engine& to be t&en out into the field. 

Mr. Drscrs. You did errIF in 19i5. But your first whole bo+ cow 
bwan in-- 

when pou first de&&d the incrpae? 

bS$%!Ehat the le\‘e1s rould be. 
That is the first measurement of w&urn in people. We 

Mr. Drscrs. Were your measurements in rccordonce ritll the pm- 
diction ? 

-es. All of the surveys that we have done have tender1 1’. 3fcC 
to support the earlier findings. We have gotten & better My of data 
md mom osnfidence in the rxdirtion dosed we asp prPdictixz. and FCC 
LIP looking a* the lduol items of the diet md do irot have io reel? on 
setimats of rrdiorctivitc in the foods that the $oplc wv utinp. 

Mr. DVCAX. But pour whole bodv counts in tl were not rlorming. 
It won’t until vou uent back in 75 &th your major resun_eF that you 

. In 1975 we began to predict higher doses on the basis 
pies ue had collcded. In 19tf rhen the second whole hod> count 

WC done t&e levels WFCIP l factor of en higher than in 1974. 

Mr. YATES. Above the Federal mdrrds? 
cCk\w. If I mi 

am%&forthe& 
t explain &out the carndrrds. There we tno 

where 
1 population. The ather is for an individual 

ou 
indiri B 

knou be individual L upcsun. We hare not exceeded that 
ual number. We lure obey levels. rp 

F&k :trtid!8 
ulrtion. We feel t g 

roaching this lower aum- 
rt we cm ume the higher 

becruv we ue rcturlly m-wing the levels 
of rrdioactivit~ in inditidurls in the popultiion. We knou the distri: 
b&oh We knou the highs urd WC know tie kws. 

Mr. YAM. Rho is tn rg t.U tbe F’edtrrl rtondards are uxurrtp P 
Hou do you know the Federal -da& L* rccepuble ? 

w= wedon\t. 
*%a 

r. 1 I= ‘Rhf do you tetsblti m?u&rds and YV if you oome to 
*kqdard l wyt.hing is fine+ and if you 

.,.i 5,s How io p~u know the Faderr dm !” 
abwe t&a tindard it is 

wdn •~ not crrcinogwic! 

ae& 
r I)LAL I think in tbe rrdirtion -iOn field that we bn oon- 

we hwe uratber philoqhy which ia the low~a prsc- 
ticrblc sdution to b problem md it k beliered that the people rho 
work with rrdiation w-ill not Idocivc--- 
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Everyone thought 
F 

It was a common medical 
Thow8ods of young 

prrctice. 

rhriveled s a rssult o p” 
p e wen having their tonsils rwnoved or 

this trsrtment. He, like l ll the c&he= of that 

‘“ES3 
rre now th-tened with cancer because of havin been 

25 year% ago. So now these people-1 me the rJ &ion 
he rsccived may have ban oomparrble to the ingestion of c&urn or 
strontium. 

The thought 0c.c~ to me, md I trlked to the cancer specialists at 
XC1 in connection with some of the herbicides and l dd.itions to food, 
md thev sag amounts wily don’t mean very much at ang particular 
time. The question is what will be the effect 585 pars from now as a 
diffcnnt kind of stimulant or arrcinogenic matenrl is brought to bear 
on the body. 

So gettmg back to the question of Federd standards, five pals 
from now you mi 

I!7 
tt decide in the ner Department of Ener * that 

the levels you e61a lished &R much too high and that you shoul f ‘estrb- 
lish lower standards because 
mom sophisticated eouipment. 

you have, as Mr. Duncan pointed out, 

Yr U. St ii not ti pFobletn of being able to m_uFe the dose 
‘~1 level. It is knowing the effect. 

Mr. YAW. You might go now. 
Mr. Drsc~s. It is a question of exercising our best judgment. I 

would suggest that five years from now you might even be able to 
sustain even loser level& 

30 gear standards, to keep the dose 
an tr$ng to kee the dose In a 

and rll the 30 yur CY oses blow the 

laITTl Or BIKWLAXCI r>DEa -EST COhDrl-IOS\‘B 

Chairman, 1 don’t know that anyooe think that this 
situation at this time. 

-It is &c kind of thing that if you let it continue over a 
long period of time then it would begin to be of hazard to their health. 

POE ARCHIVES 



___ -- _-- 

1181 

Rctum to Bikini Island.” 
h’iot yrrr ato the C.S. Gorclnment told the BItinl f&adel% 11 was mfr to 

rttnrt to tbclr rtoll. ODQC tbt dtr of oociear rapoar tat.& in tbc Pacific Eomr of 
the irlrnders went home. But 001. tbe ~rcrumen~ bar loud tkrr Ir ma. wrong 
Awordin~ to test.8 krt yrr tbc gmandrrtcr in Bikini t uill too ridiorctiw 
for bxman consumption So me tbe camnut~ and flub and +wr!ahlec Frnn-n 
to tbe rtill contrmlnrtcd roll. So tbc Interior Ikpwtment bee reF quictl 
asked Cagmf for I15 million to move the islmderr to umber Aomuoi~. 

WhF are you uking for mom mane? if it is safe ! Is it smfe ? Safe 
is l lvlative term, isn’t it? 

&&k 
Yes. it ia If it uas practicable for the people to only eat 
and marbe have to drink outside rater. then vre think 

that goes uithin the Federal st..andards, and that is the onl? guidelirw 
we have to go with. 

Since that is not a practical solution and ue do see a rise in the 
ccsium in the uhole body counti 

“f 
we believe that they should not 

be allowed to eat the food on the is ;nd, l d it is probabiy not a pram’- 
tica? situation. Any additional nsettlement should be on’Encu Island 
uhere they cm hare their schools and ather facilities. Thar ir: tire 
dirwtion they should move and not tq to do that on Bikini Island. 

Mr. k’~rrs. Should they str~ there is the question. Who is erercising 
the judgment on uhether the? should star there? Haven’t the levrlr 
been incwasing! Our friend has mid they are almost up to the tol) 
of the Federal standards. If the3 stay there, won’t they go over thr 
to ? 

R r. DEAL. The whole question is, if they wtre to not ot the locall! 
ws on Bikini Island, uould the rrdiation dose from c&m 
go doun? 

Mr. TOTS. What uill you do, bring in box luncher? 
&DEAL. That is the impncticrl pati of the &htion. 

CUB&EST ~Ih’Q =RAY ox BIxIxl 

Mr. n'xxnu. If I might speak to this rt of the discussion, becaw 
it b- in the pnsent time ptriod. P ‘hrt is being discussed illw- 
trrtes, ks you h4vt 

I& 
inted out, one of the diifrculties of administration. 

Decisions must be d on available information. Our decisions haw 
to be based on the intormrtion which pou have been given, which 1 
also have been @a, bJ rtprwentrtioes of the Department of Enern 
that local conditions uould be safe if ample outside food sup 11es nem 
provided for the 

% 
le on the island. In addition, wt pro\7 ed quip- cf 

ment for fishing ln Irgoon. The outidt food ii ant in on a regular 
b&s. These food rupplics, while not rttrwtioc in all respects from th’e 
pint of vitu of the normal diet, &cause -me t’SDA preserwd food- 
we included, pxw-idt a food skndrrd which is in tem~s of nutrition 
f&r bore the rverrge LS f&r as dill in &e Trust Te&tu~_ is cnncemed. 

Mr. Y~rrs. Whst does 0~ ~maydl&u deliver K rrtlons to them? 
whrt kIind of foad bit you 

Mr. VFrh-xa Dried foods, fm f-ruitb md ve@ables from Ponape, T 
aa rrriui a diet BS far ae protein, &arCq carbohyd~ is ooncemch It 
im prtpmd bJ nutritionists. 
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Mr. lw.~~. Did the! rat the coconuts and did they drink the milk, 
lx-au+ you weren’t providin, n them with adr wte ‘food nnd wnfcr I 

Mr. Dr_\L. I n-ill haw to tlrfer to onr frient - in Intro+ tit ? 

Mr. >‘.\nx SomeLody oughr twwwer that question. 
1Vw-e YOU on duty then. Mr. 1Yinkcl ? \\‘hcn did Lou take ofice? 
Mr. I\IIsKT.L.X~&O~ officr inJuneof 19f7. . 

Jfr. YAYTZ. l\‘ho did TOII hRvc in charge of this operation ? 
Mr. I\'ISKEL. I WIL m charge of the operation. and undrr me the 

IXs!rict Administmtar we in charge of the opwntion. Thr fectlilg 
proxm WE inilintrd in OctoIw rncl SowmLwr af 1077, and nmple 
food wpplk to provide II t,nlnnced diet wrc drlivrrrd. Ihave IHY*I: 
delivered. Sllrritionir;tc nrcompnnyin g the* supplies end sta.ving nir 1) 
thr pc”111v for n pried of time to hrlp them arld n&t thn in tlw 
ati1iz:lrif-m af tlw foot1 anti so forth. \\‘e Itr4r.r no rmsori to blirvc tlrr 
fond WIS not consumed, inasmuch .as there is no evitlcnce of uncon- 
clll!wd clunnt itk iI1 anvsizr at all. 

Mr. YATLP. \Ylmt kind of food did you deliver to them ? I)id ~011 
al-b tlrliver \\ater to them ? 

,\lr. WISKEL. 1’3. r)cpartment of Agriculture foods. and fre4 foods 
from Ponalw. and water was delivered. I do not know mpelf in what. 
quantities. 

Coconut ic somrthinp that the people can see. They will drink the 
milk. They do thnt ewn when KP visit the island periodically. Thy 
offer UC cocnnutc IO drink. so as long as they have coconuts in their 
surroundings. T dn believe that they will drin& it. 

11 r. J‘rns. Ewn in the face of n-arninpsnot to drink it ? 
31 r. 0. FN~R~-N. Tcs, sir. 
Jfr. YATES. Then thev continue to eat the coconut and drink the milk 

and cnt the food thnt the Eovernment gives them. 
Mr. 0. nr.I3~r-u. The last time 1 was therv thrv uere still catine the 

wcanuts. They have been told not to eat them. To stop them from eat- 
inp thnt. sir, VP have to remove the people from the islands or cut dam 
the total numbrr of trew. 

3l.r. TATS That ir the o+ rray you c~a do it. 

DOE ARCHIVES 
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Mr. TAN. Tour lttter indicates that the Bikinians uant to stay 
on the atoll. Is thnt impossible! 

W-s. Y’rs Ctrvz. In our jud,gment, it aould be improper for them 
to remain because of the medical risks involwd. ond the Department 
of Energy agrees with that conclusion. 

Accordingly. we mean to persist in our plsns to relocate them. this 
in thr interest;ri of their phwca1 safety. IYt rtcumizc. of couw. their 
p!Pfercnce IO remain. Thai is why we have had t%ir; problem for sonle 
30 war.; and if n-ill continue foi some decades hence. We arv sApI\ 
tv’ing to mecr it in the mon rPa,wnaLle wn> we knor. recognizing the 
ph+cal threats that exist if the? remain on Bikini Island. 

CAIFSCI OFR401O.,cm.I;;. OX BISTSIATOIL 
c 

Mr. T.\ns. Let’; look at it a minute before =e go to the High Com- 
mirsioner’s stntement. 

Nr. YAW. The!_ are not et-acuatinp thr tit? of Denwr. nrc they ? 

Mr. DL~L. I hope not. 
Mr. TAT~S. So. thtwfore. the amount of c-sternal mtlinfion in th 

cite of Denver is not conridcrpd suficicnt for that citv to lx* CV~~~U~~M~. 
I kwnw. therefore. that if that is the same conditibn on I3ikini. the 

I would deduce from what vou sav that it would be ns dangrrouc for 
them to live on Kili or J&it oirny one of the other islands as it 

.right! 
, 1.. j),.E’ _A . i sir. the other idads are . .., ouitc 
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UI MVO whe.n thev arr able to fans it and to t&c the water flau the 
a~pa. 1 think that isn practical situation. 

; 
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3ir. YATES. TTe are now up to lDi6. Let’s go back to the interroga- 
tion on age 1171: 

Wr, P *ATIS. Were YOU still the AEC in 1976? 
Wr. Dt.r~ IYe we& ERD.4 in 1976. 
“Mr. TATEL So you became a little morP alarmed than uhen yore 

uere the Atomic Enerp Commission. In 1976 you first encountered 
this kind of R test. Is this m annual test that YOU had been making 
of the people?” 

. 

Of tour*. in rPtrospct now rnr question is not correct. because you 
knew ab;if it in 1X4. You knc& about the waler certainly in 1974. 
In 197c the coconuts were first bwoming ripe. Mr. deBrum: together 
with the I3ikinians, uas eating the rmnuts. But you uere not drink- 
in 

e 
the water 1 

A 1 r. D~BRIx. Sot the well water. 
Mr. YATEZ. Were you enting the pandanus in 1976? 
Mr. DEBRW. Some people ate them. 
Mr. Yams. They nte the pandanus. Vhat else was growing there? 
Mr. DERRIX. Papaya was emving on the island. 
Mr. TATLL Pa 
3f r. D&R~x. F 

aya. +nythlng else ? 
umpkms. 

Mr. YAW. Pumpkins? 
Mr. DEBR-;~. Yes. 
Mr. Y~rxs. And people werp eating all of these thins. RI1 the rew 

tnlJP59 _ . . . _ _ 
horn ndmittcd the! 

t? cat then. 

Mr. YAXS. And all during the period starting in 1972, eveq month 
n ship came to Bikini with fcA 1 

Mr. DE~~RIX. Yes. 
Mr. YATES. And uater? 
,\I r. DEBRIXI. Xo, no water. 
Mr.Y~rrs. Just food? 
hI I’. DmRrX. Yes. 
Mr. Y.I~Es. So theI were drinking the cistern u&r 1 
II r. DEBR~u. Yes. 

plying them uith food. Fere ‘ou_ 

. DOE ARCHIVES 
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Hr. DEBR~M. WC wantid to get there in time, At times ue had 
mermus transportation problems and aerr darn to one ahip for trips 
to the outer Elands. !%xuetimes~ the odds uere against US, but we tried 

. to do the best we could. 
Mr. YAP. What do yew mean. the Odds were against you ? 
Mr. DEBRCX. We mere dorm to one ship for all the outer islnnds 

rt times. 
Mr. Y~rrs. And one ship would not serrice the island or the people ? 
Mr. DEBR~x. ‘It takes three field trip ships to service. to mnkc a 

complete circuit of the Marshall Island group. once n month. 
blr. Tam. How many rhi s do vou nted for the food for the 

people -ho were on Bikini? \‘as one ship adequate for a month’s c 
su lyoffood? 

gP r. DLBR~x. If we have one ship committed only to Bikini. ccs. 
one sh.ip will do it. The shi that is committed to s&rice Bikini ilso 
wrvices other islands in the _ Iarshnll Islands. P 

Mr. T~rw,. You mean rovidc food for the other islands? 
Mr. DEBRZTM. It provi s es services, it brings in copra and takes in 

trade goods so the people can buy it. 

Mr. Yam. 3laybc we had better find out rbout uhere y - KO& 
throughout the islands. 

Hen Ion 
ship a mont $1 

would your Irp c-i. bc ? Presumably Four schedule was one 
with f& for Rinini. 

Mr. DEBRCY. Yes. 
Sir. Y~mtb. And how often were thery lapses in this ? 
Mr. DEBRI-X. Sot vex-v much. There vrere.times. as I retell. when 

ue could not provide a sili until it was a month and a half late, sir. 
Mr. YAWLS. A month an J 

rhedule. 
I half late; you mean Tao xeeks after the 

Mr. DEBRCX. TKO weeks after. 

TTPE OF FQODS FRO-LD 

Mr. YATES. After the schedule dnte. And what kind of f&P You 
said you provided stn 

Mr. Dr.Uwr-u. P 
le.<? \\‘I131 do vou man bs wapk? 

meats, milk. 
Lctap es in Ma~shalIe terms is rice, flour, canned 

Bf r. YATES. So coconuts ? 
Mr. DLBRCM. So coconut& 
Mr. YATES. I m-n from the other islands. 
Mr. DEBRL-XI. We never shipped an: owonuts from the other 

islrnds. 
Mr. YAP. n’hg would vou not? If coconuts xtere such a delicac! 

for the Bikiniax. ~11~ would you not provide coconuts for them, too? 
Mr. DL%R~w. It nxs not a part of our feedin 
Mr. Y.*T):c. If vo\i wcw n llikirrian you woul if rvgram. sir. 

18w likerl cownuts. 
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bfr. MCKAY. Hou do you get coconuts in the pyram! What kind 
of l buraucmtic round-about do Lou have to go through to get them 
onthe ” m! 

Mr. t ROY. I !z? 
R” 

ess we just include it? make SUIP ae have enough 
mane: to po aroun . 

Mr. Mcliar. Would vou hare ruthoritc to approve it 1 
Mr. DLBR~x. So, &. It uould have to be approved bF the High 

CommiGoner. 
Mr. NCKAT. Could he approve it alone or would he have to geet 

rpfroral ui here? 
-fr. Dr RCX. I think he has ruthorit! to approve it. t?le Hi& 

Commissioner. 
cu?t. Yes. 

XA’ITRL AS-P TIIf TYPE OF ASALfSIS IT DOE 

MI*. ~.\TM. Lct’~; gro bstck to the interrogation. 
“So you became a little more nlnrmcd thnn when y011 werr the 

Atomic’ Energy Commission. in 76 ~011 first cncounfrred this kind of 
u test. Is this dn annual test that vo; hnd IK-en makin,o of t 1w pconlc I I _ -1 

“>I r. DEAL. Yes, sir. 
“Mr. Y~nr. What kind of tests. mol.tllly. w-niannunlly. every four 

months. or nhnt ? 
“Jl- 1k.a. I can supply you a statement for the rec,orc\. I wiil give 

yr-* 3oOlr information.” 
Then , wrc is plncvd in the ~rcord on t-qwc Il7r’ nnd 117.3 

a prettT gcu? statement of tests that were made and n wry hod estl- . 
mnte of the 4ults of t!le tests. We find in 19Gl tllr, firdings. “photo- 
graphed nncl I,lentified organisms on reefs nntl i-l?+. So gross nnom- 
rlics seen iI, plants and animals due to radinncttrlty.” 

1976 show L’exposurc levels to the Bilrininn? \-nrics consideml) 
frwn island to island on thr atoll.” 

February 186i, “confirmed earher surve> results for exterxwtl 
radiation.” 

That does not tell us rnvthing. ‘O-137 and Ktrontium 90 predomi- 
nate in trrrrctrial ormnis&. Co-60 and Fv -:I; in malint orgnnisms.” 

Whnt dots that mein. Dr. Deal ? 
Vr. Dx.rr, It m*ans that in the fish that theF were cntching theF 

foad cobrllt-60 and Fe-55. 
Mr. f.\ms. Tn large amount:! 
SI r. D;_u.. I do not know, sir. 
Xr. TAT=. This n?sult does not show thnt then 0 
Mr. DT.AI, So. We did not trl\’ to giw Lou n complete copy of the 

rcportc. WP jnst tried to give Tou.tlw hi&lights of tlrc rotvcys at the 
t$e, and protabl~, as Lou say, d)d a pretts poor lob on that. 
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ihe values \6ent up by n factor of 10. 

Bir. YATES If all this is true. sir. why four ?-ra~ ago in 1974 werP 

Mr. h¶cG~~w. When ukps the recomm&dation made? Did you sq 

111 fo1rr m 

You have prndenus and papayas and 
ng 011 k3ikll~i two years Rz0. 

brrntlfruit growing two Fen): 
ago. Four years ago you told then> not to drink the water. thcw WIS IICI 
food. Two yenrs nc?o hntl you told tlrrm not to eat the food. IYcrr ~011 

-53 Mr. ~Bacu. Yes. 
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ADEQt-ACY Or FOOD S~LIED BT TTPI ADYISISTBATIOS 

Mr. YATES. And in the meant&e you wn bringing them food? 
51 r. DrBnr-u. Yes. sir. 
Mr. Y-AT=. Ever? month escept where you lapsed? 
Xfr. DEBRW. Yes, sir. 
Mr. T.tsrr. _Ind there was adequate food for all of them? 
Mr. DEBRCU. Yes. 
31 r. Tn7zs. You are sure of that’? 

or breadfruit. 

REQtXS? FWR YORE YOSITORISG Or BIXISI 

,\Ir. YATES. tit’s go back tolfr. Juda’s statement. 
Mr. So-x. The second rtytst ne cony to Lou to&g. Mr. Chair- 

man. is that your subcommIttee closely monitor the upcoming radio- 
1 ; 
.~;;;a1 ai;L IvJstuff tests to be conducted at Bikini Atoll. Thr people 
liGn,n on Bikini Islnnd desperately wish to remain on Bikini Atoll. 
and they are hopeful that teas on $Ineu Island will show it to be safe. 
TIN\- undcrsrand that the recent test results we preliminary. and the? 
ho 

\ 
w G>at rewttlexncnt on Eneu will prove to be possible. 

. Ir. Chairman. we cannot dew-ib I hc sorrow felt by our people ac 
tl,n, !e7!.-0” 
lcn-. 

with bitter disappointment, that the! must once a 
‘;:klnl. Despite the contradictory statemrnts of the I’S. e 

ain 
or- 

F .rm~ l over the last ten wars. the 
undcrti;, td the situation :f;er face. T lev have told us that if p” 

ple of Bikini hrve be 
tF 

n to 
e up- 

coming 16.16 show that our $&ople will n’or be able to live on Bikini or 
Eneu for 1, z next JO cr SO years. the people living in Bikini are pre- 
pared lo rplocnte to Kili and Jaluit. 

CERADISG COSDITIOSS OS XII2 ISWSD 

A more to Kili. however. and the establishment of Kili 8s o permn- 
nont home for thr nest two gcnerat ions of Bikinians cannot come with- 
out help from the Z’S Government to develop Kili as a functional. 
livebk community. 

r-q- alrc- -a aq years we have lived on Kili. thinking e& v-r that 
.“::I IliL .a Bikini the next year. As we face the 

more years on Kili, it is clear thnt ue must think an 
‘bifity of .N 

8”” plan in longer 
terms. 

As vou knou, Kili is an islnnd with no rrtf and no lagoon, and access 
to th; island is Ten- difficult for most of the vew. Facxd with these 
conditions. our peofile how not processed cop& in large quantities be- 
cause boats visit this island rrrtly. Months frquentlJ go bv without 
a visit from passing ships, and our only communication with the rtst 

I ::?e world IS by radio. 

POEARCHIV=, 
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BROOKHAVEN N4TlOf\14~ LABC)RA~O?v ___._--. _ _-_ - 
f :. . . ASSrJC[ATED UN!Vi~S!TI~S, I!lC 
- c. 'k 

u;,s-_ tut9.. \a16 IlXL 

June 22, 1975 

Dr. William L. Robisor, 
G452 
Lawrence Liver-more L&orstcr) 

- P. 0. Box 809 
Livermore, Citiifor:‘ii 9555. 

Dear Bill: 

The enclosed t&:es present dosimetric ai-,d body burder. ir,formaticn 
on former Bikini resider,ts. Ret external exposure rates (background s.&- 
tracted) were ottainr3 from "Extcrnel Exposure Measurements at Bikini 
Atoll", N. A. Greer,house et il., 61;: kprt (in press). Dosimetric models 
were outlined in several ir;fc.rmEl reports and are available upon request. 
Input data were obtained from *‘hT?ale Body Counting Results from 1974 to 
1979 for Bikini Island Residents", R. S. Riltenberger et al., BCL Report 
(in press) and from un ublisi,ed tioassay results. Neli information on the 
long term removal of 157 Cs is being derived from replicate counts of 
former Bikinians done in Janus?-y and ?&y 1979. This preliminary informa- 
tion is aiso incjujed, but WE uoaid like to corroborate these results with 
urine bioassay data w:._c;: ~131 r.:_ A availtile for several rnDre weeks. 

If ym have an) questions or need additional information, please 
contact me at iT5 666-4207 or Bob Kiltenberger at FTS 666-2503. 

. . Sincerely, 

4&f- 

N. A. Greenhouse 
HkG/lm 
Enclosures 
cc: E. Lessard 

R. Kiltenberger 
J. Naidu 
T. M&raw (OES)/ 
E. Uacholt (EV) 

DOE ARCHIVFS. 



lnd;vidas! Dorimotr;- Data for Bikinianr - Exflanatrcn 
of Column. Headings 

c01urrc. Iten, ox Derived Quantity 
-_ 

1 tlamf 

2 ID Number 

3 Residence Interval 

4 
50 

Sr and 
90 

Y Bone Karrow Dose 
- 

Equivalent During and Post 
Rrsldence Interval 

5 
,137 

C: + 137mB- Dose Ecuivalent 4 . 
During and Feat Rtsidencr 
Interval 

Body Burden 
Measurements 

Net External Dose Equivalent External Exposure 

Durrng Recrdence Xrrterval Late Measurements 

Total hod) Dose EqGvaler:t 

Total Bone Narrou Dose 
Equivalent During and Post 
Resldenre Zncerval 

Measured Quantit*e 
-'_ 

Urine Activity 
Concentration 

Comments 

Perscnrl Intervieu 

8% Medical Dept. 
i S&BP Div. Records 

FerGonal Intentioh'5 

Three Comprtment 
Model I Constant 
Cor,tinucus UFtake 

Two Comprtment 
Model, Kcnotonic&li\ 
Increasing LIEtake 

Assumed Living 
Patterns 

sum cf c01umrls 
5 and 6 

sum of coluxri~ 
4, 5 ark 6 
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INDIVIDUAL DOSlMETRY DATA FOR BlKINlANS (cont’d) 

90 
Sr 6 g”Y 

2 
Bone Marrow 

137 cs + 137mD* Net External Total Body ‘Iota1 Bone Marrow 
g 

Door Equiv. Dostt Equiv. Dose Equ iv. Dose Equiv. Dose Equiv. During Q 

Residence During 6 Potit During 6 Post During Residcnct During b Post and Post Residence 

IL, Interval Residence ht. Retiidrnze lnt. Lnterval Residence lat. Interval 

Numht? r Years mkm mkrnl n&em mlc~uc mltcm 4 _P_---- 

6.3 74* 550 760 1300 1400 

6132 2.3 62 1200 300 1500 1600 

6046 27 400 240 600 

6Obl 

2.0 

.,' 

6. 3, 65 b30 760 1401) 

700 

1500 

6066 3.3 59* 400 4Y!(l 830 89s 

6070 10.3 185* 870 130,) 2200 ?l.i- I 

6118 6.3 

6117 6.3 610’ 820 1400 

I 

6128 
, . 

1 s. 

6122 

7.3 

10.3 

42 

110* 

130* 

86 

810 950 

1200 

1800 

380 
ii 

1600 

1500 

1900 

1700 



1NLJlVlWAL DOSlICTRY DATA FOR BLKINIANS (cow ‘d) 

90 
Sr 6 9OY 

% 

Bone Harrow 
137 cs + 137mh Ner External local kdy l,otal Bone Marrow 8 

Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. Ibose Equiv. During a 

Kebidence During 6 Posit During & Post During Krsidcncr During 6 Post amI Posr Residence 
1D llltrrvdl Rwidrnce hr. HrsLJen:r Inc. Interval Krsidrnce Inc. lnterval 

Nmbc r Year5 mKtzm mKem mlkm edit: m mKdn: 

6015 1.7 31* 6SQ 220 870 900 

6030 3.3 39* 1200 400 lb00 1600 

6129 4.3 51* 330 520 &SO 900 

6027 3.3 39* 760 400 1200 1200 

6010 7.3 86* 1100 900 2000 2100 

6105 3.3 39* 1100 4011 1500 lSCb_ 

6033 8.3 150* 900 llOk1 1! wll 2100 

6007 .88 

, I 

6008 6.3 
. . 

I ..- 

-i . 
6071 1.0 

! 
- ‘4 

.i, Y. 

15 190 110 300 310 

77* 850 560 1400 1500 

. . 

1n* 220 130 350 370 
t 



__ 

INDLVlMJIU. DOSIMETRY DATA FOR BlklNlANS (conc’d) 
z 
z 
0. 

3 
. cil 

90 
Sr 6 ‘OY 

0 

Bone Narrow 
137 cs + 137mk4 Net External Total Body Total Bone HLlrroV Q 

Dose Equiv. Dose Equiv. Dose Equ 1~. Dosr Equiv. Imse Equiv. During 

Hrsidence During 6 Posr During 6 Post During Residence During b Post and POSL Residence 

1D Interval Hesldence lnt. KccidrnzL: hr. Interval Rrsidcnce lut. Interval 
Number Years mhem mkm mKern mlcem mKtxi 

-- 

863 4.3 

6086 8.3 

6069 8.3 

6073 

6072 

7.3 

1.0 

6119 

864 

7.3 

7.3 

966 7,: 3 

1.3 

6124 .8tf 

120 

240 

150* 

130” 

Id* 

130* 

130* 

130* 

15* 

10* i 

620 

990 

580 

490 

330 

730 

960 

1400 

240 

180 

600 1200 

1100 2100 

1100 1700 

95.1 1400 

130 460 

9.w 1700 

950 1900 

950 2300 

160 400 - 

110 390 

1300 

2300 

1900 

1600 

480 

MOO 

2000 

2500 

410 

400 



1NDlVlDUAL DOSlMETRY DATA FOR BLKlNlANS (cont’d) 
z! 
z 

,.’ 3 

% 
90 

Sr 6 g”Y GI 

Bone Harrow 
137 cs + 137%J Net External Total Body Total Bone Marrow Q 

Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. During c1 

Krbidcnce During 6 Post Duriug 6 Pob;c During Residence During b Post and Post Residence 

ID lrrtcrval Residence lat. Heuidrnze lnt. Jnterval Residence lnt . interval 

Number Years InKtim mhrm InKela mKrnr mRem - 

6058 5.3 63” 550 GO0 1200 1300 

6036 .64 7.6* 260 77 340 340 

6110 8.3 98” 450 1000 1400 1500 

6051 5.3 63* 520 t&O 1200 1200 

6092 6.3 74* 1600 WI0 2400 2400 

6080 .88 10* 1lU 310 320 

b03B 2.3 27* 

200 

1100 

1200 

1200 

280 1400 14cIo 

6103 3.3 39* 400 1600 1600 

6028 

. 
6044 

513 

5.3 

63* 600 1800 1900 

63* $600 600 2200 2300 
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WDlVlUJAL DOSLMETRY DATA FOR BlKlNlANS (cont’d) 

90 
Sr 6 g”Y 

C! 

Bone Harrow 
137 cs + 137mkl Net External l’otal Body Total Bone Marrow 3 

Dove Equiv. Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. During !F? 
Hrsidace During 6 Pob;t During & Post During Kesidcnce During & Post and Yost Residence R 

I 11 lhterval Residence lnt. Reaidrncr lnt. Interval Residence lnt. lnterval 

Numbr r Years mkm n&em mltem mHrm mKcm - 

6096 3.3 46 680 

80 1.0 18” 200 

6017 8.3 330 1200 

6045 1.0 9.0 150 

6108 4.3 43 210 

! 6063 

, 
I 

525 
I 
1 

/ 934 

4.3 19 620 

1.0 5.6 

6.3 120 

6068 6.3 60 

. 6106 

1 . 
. 

;- -.,. l 6025 
I 

3.3 

3.3 

39* 

39* 

350 

1300 

630 

750 

900 

430 

130 

1100 

120 

5:‘(! 

5:‘ll 

l-?O 

76C 

820 

400 

400 

1100 

330 

2300 

270 

739 

1100 

470 

2100 

1500 

1100 

1300 

1100 i 

351) 

2700 

280 

7 7(j 

22w 

1600 

1200 

1300 



90 Sr h ‘OY 
Bone Harrow 

137 cs + 137mbd Net External Total Body Total Bone Marrow 
% 

Dose Equiv. Dose Equiv. Dose Equ iv. Dose Equiv. Dose Equiv. During w 

Hcsidence During 6 Post During 6 Post During Residence During 6 Yost and Post Residence Q 

ID lI~Lrfv&l Reridence Inc. Hrc;ideznze ht. Interval Residence lnt. lnterval 0 

Numb r Yrnrs t&em mHttm mKem mKrn: n&em 

6113 4.3 19 

606O 2.3 27* 

6032 

. 

6123 

3.3 

4.3 

39* 

50* 

I 
6098 3.3 39* 

6065 4.3 130 

6004 .55 10* 

6018 6.3 150 

6126 2.3 45 

6003 . 
, 

8.3 250 

12* 

360 520 880 900 

510 280 790 820 

960 400 1400 1400 

480 520 1000 1100 

320 

390 

130 

1100 

1100 

580 

170 

GO0 720 

.20 910 

72 200 

b20 
,’ 

1900 

300 1400 

1100 1700 - 

120 290 

760 

1000 

X0 

2100 

1400 

1900 

300 



WDlVlDUAL DOSlMETRY DATA FOR BLKINIANS (cont’d) 

90 
Sr h 9oY 

r.4 
0 

Bone Harrow 137 cs + 137%i Net External Total Body Total Bone Marrow II 

1D 
Nunkr 

Dose Equiv. Dose Equiv. Dose Equiv. Dost? Equiv. Dose Equiv. During 

Hcsidencr During 6 Post During 61 Post During hrsidcnce During 6 Post and Post Residence 

Interval Residence ht. Residence ht. interval Residence ht. Interval 

Years IBRem mkm mJhm mkm lnRcm 

6064 - 7.3 tl6* 400 900 1300 1400 

6023 4.3 77” 990 560 1500 1600 

6131 b.3 110* 950 &!O 1800 1900 

6011 6.3 170 550 820 1400 1600 

6081 .97 12* 490 120 610 620 

6133 7.3 130” 1900 950 28k 3000 

6048 .55 6.5* 590 72 66i 670 

*TIretie valuea were derived from average male or average female dally activity Ingestion rates for Sr-90. 
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Body Burden Data fur tiedically kairtercd Children Yelocated Lrou bikini Mull --P _-__--_-__m 

Be1 - 

II 

If 

w 

II 

If 

II 

n 

I 

lkiylbt 
(cd 

IO5 

112 

99 

103 

IO? 

9b 

106 

99 

Yci&t 

_!!!k. 

2iJ 

20 

11 

IY 

20 

I5 

20 

11 

I5 

25 

19 

11 

1b 

Yrr 
lhl 

Bikini 

3 

5 

4.3 

4.3 

2 

4.3 

4.3 

4.3 

5 

5.3 

4.3 

J 

Ylr 
Off 

Bikini 

.N 

.70 

.70 

.?I 

.I1 

71 

.I1 

0.4lJ 

.lO 

.lQ 

.70 

.I1 

.12 

Ja,,url -- 

IYIY 
l3lC, 

Ycrult 
nCi LYy_ 

__ -- 

__ _- 

__ -- 

66 I.7 

56 2.1 

16 (‘.59 

9.0 0.33 

3.0 0.11 

__ __ 

__ 

51 J.9 

C6 1.7 

__ __ 

_- 

_- 

UC 

12 

Cb 

34 

21) 

I979 
l37C‘ 

rLewal1 
UC1 It4 

2.0 0.10 

4.1 0.17 

I5 0.56 

6.2 0.23 

1.6 0.21 

2.6 0.096 

t4llL )(uL 

-_ 3.0 

_- 4.9 

12 4.9 

YC ’ 1.6 

__ 5.B 

Hry - -- 

__ 

0.11 

0.18 

0.26 

0.21 

0.22 

26 

5J 

31 

40 

25 

__ 

33 

31 

15 

49 

66 
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i 
i 

-1 :q 
f 



Ill I -- 

619u 

6105 

6211 

6218 

6119 

b220 

b22l 

6213 

6224 

b22b 

. 
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n 
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n 

I4 

n 

n 

n 

*ye 
b/L 

19 

42 

19 

5b 

30 

26 

53 

66 

45 

II 

Yr* Yr* 

Ue i&t 0” olf 

(ku) Yilrbni Bikini --- --VI.- 

51 0.25 2 

81 .4 4.5 

55 I 3 

12 2 IU 

60 2 9 

66 2 9 

Y2 2 9 

b5 ’ 2 dayr .Ul6 
nay lb, 15, lY?Y 

55 2 dayr .Olb 

nay lb, 15, 1919 

59 2 Yr 3 

na 1919 
1 “C. 

tknult 

nCi k& __-- 

6.0 

NDL 

IUIL 

NUL 

NOL 

NOL 

6.2 

99 

120 

WL 

0.16 

3.7 

4.4 

WL 

nay 1979 
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ISY 

LIG 

IbY 

141 

lb5 
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6116 
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6153 
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b1.1 

body hurdca bla fur km-tledically IkLeyiatcred Adult klc Prior Rrridrmtr of Bikini Atoll _--- 

*w fkight 
S*a - +b_ (cl)) 

I( 48 15fl 

w 10 163 

II 23 160 

* lb 150 

Y 52 114 

n 21 113 

n I@ 111 

kiylbt 

_ fti 

u 

57 

b5 

44 

84 

bl 4 I 

53 b O.CI 

Yrr. Yre. 
orI Off 

Dikini Bikini -- - 

4 

3 

I 1 .Gl 

1 1.0 

6 

Jmuary 

1919 1919 
13’c. Putareiuo 
BeauIt Ycmult 

nCi “Le Cram _ __ _,--_ _-_ ._- 

1.5 0.31 166 

2.8 0.10 165 

5.8 0.21 170 

2.4 0.089 101 

11 0.63 150 

34 1.) lb1 

1220 45 122 

hy 

1919 1919 
13’C. Potawium 
uawlt IhOUlC 

nCi ____Q!!I_ CrG%- 

we me _- 

5.4 0.20 166 

WL WL 100 

_- _- me 

__ _- -_ 

620 23 131 



WY Burden Data of Won-kdically lkyirtrred Wult Pculc Prior lkeidrnta of Bikini Atoll -e--p 

1979 1919 
‘37th htrasium 
Yrault llc~ult 

aC i ‘X C1aur -- _-- 

1.7 0.063 112 

J.uuary - 

1919 1979 
137C. Potaasiur 
&wlt Be*ult 

nCi k%_ Crbr _- 

3.0 0.14 113 

2.1 0.078 89 

bkruht 
(ky) 

64 

38 

bb 

44 

59 

66 

55 

60 

63 

Yrr. 
Ulf 

Bihini 

4 0.33 
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38 

22 

lb 
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65 
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44 
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0.42 

1.42 
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9 

0.61 

1.5 

390 I5 120 
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_- __ 11 0 Cl 90 5.2 0.19 9:! 
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6199 

6206 

6222 

Body Burden D~LO of km-liedrcally Ycyiatcrod Adult Female Prior Yrridruta of Bikini Atoll ----- 

th 1919 nay 1979 

Yr. Yru bl(.. Potrariur 
se Ueiyht Urirht on off krult Rewlt 

s (yr, (cm) ttlS) Bikini Bikioi nCi h4 Cram ___ -_ -_-_ --- 

1 21 152 54 0.019 I 1.6 0.059 lU7 

I 21 155 _- 2.5 1 1.9 0.010 114 

F 31 151 13 3 5.5 WL nDL 116 

F 39 156 66 2.5 3 IWL IuhL 98 



ID I 

6156 

6166 

6169 

bll2 

6118 

(183 

6119 

bl?l 

b1Ib 

6113 

b111 

b170 

blb2 

b151 

bl Sb 

(150 

(149 

u Burden Data for Non-Medically Rrgiatcrrd Adolcrccut~ and Children Prior Prridenta of Bikini A1011 ---__-______- 

!!E 

w 

ll 

ll 

n 

n 

11 

I 

I 

I 

I 

r 

I 

I 

I 

I 

I 

I 

Au* 
Irr) 

9 

5 

14 

10 

I2 

12 

9 

.b 

a 

13 

b 

13 

12 

5 

b 

8 

5 

lkighr 
(CD) 

130 

85 

lb1 

130 

151 

139 

115 

103 

164 

162 

9b 

160 

147 

ID6 

103 

120 

99 

Ye i&t 
(Ly) 

34 

15 

66 

30 

33 

35 

22 

19 

26 

61 

15 

65 

50 

20 

20 

25 

19 

Yr8. 
on 

Ylhini 

6 

__ 

__ 

6 

__ 

__ 

3 

2.61 

I 

__ 

6 

6 

4 

4.3 

Yrr. 
Off 

bikini 

1.0 

1.5 

1.0 

1 .o 

1.0 

1.67 

1 

b 

6 

0.62 

1.0 

1.0 

1.5 

1.0 

1.0 

0.62 

0.62 

January --- 

1919 
‘3’c. 
Blew81 t 
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I .o 
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6.0 
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PERMISSIBLE DOSE FOR INTERNAL RADIATION 41 

Table 1. Maximum @mkible body burdnrr and maxzhwn pmnisriblc concentrations of 
radionuclides in air and in water fw occu~tiod exposwC 

Maximum pcrmissiblc concentrations 

For 168 hr week Radionuclide For 40 hr week 
and t)-pe 
of decay (XIPC) . 

WI=‘) L 

,H’;HTO or H;O; ’ Body tissue 
8- [(sol.) 1 Total body 1 

i 

2 x IV 

(Hi) (submersion) 

(sol.) GI (LLI) 
Total body 
Kidney 
Liver 

0.05 I 10-L 
6 6 x lo-’ 
9 8 x 104 
9 8 x 104 

1 Bone : 2 x lilJ 
’ 4 x 10s 

“0 2 x 10-s 
Spleen SO 4 x 10-s 

PGO,) 300 I 0.02 1 4 x 104 
r 0.03 5 x lo-’ 

0.04 6 x lo-‘ 

(submersion‘; ijul L&J I 5 x lo-‘ I I I c 

,Fl’ 
B’ 

i- 
, ,Sass (sol.) j Totalbody 1 10 lo-’ 2 x lo-’ 
8’2 Y 1 GI U-J-I) I I 0.01 I 2 x 104 

(insol.) j L.uy 

tlSas4 
i------ -- 

(sol.) 8 GI (!SI) 
5-a Y 1 Tnfrl W\ 

I 
(insol.] 1 GI (LIJ) 1 ; 8 x lo- i lo-’ 

; Lung I I I 8 x IO-’ 

0.03 
0.05 

-- 

0.02 
2 
3 
3 
7 

4 x 104 

4 x 104 
2 x lo4 
3 x 104 
3 x 104 
6 x IO4 

20 2 x 10-s 

4 x 10-T 
0.02 3 x 104 

8 x lo-’ ; 2 x lo4 

0.06 
0.09 

5 x 10-a 

9 x 10-s 
lo-’ 

9 x lo-’ 

lo4 6 x lo4 
3 x 10-a 5 x lo-’ 

3 x IO4 
3 x 104 , 5 x 104 

2 x 104 I 4 x 10-T 
4 x lo-’ f 6 x lo-’ 

3 x 104 5 x 104 
3 x lo-’ 

l The abbreviations CI, S. Sl. ‘;LJ c .- 11 refer t.0 gastr0intatinal bact, stomach, small intestine, upper 
large intestine. and lower ;a z(- IE~c... .~.i.i\~:ly. ” 
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PERMISSIBLE DOSE FOR Ih’TERh’AL RADIATION 63 

Maximum pmnkiblc -pItiOnS 

xrmisible’ 
bwdcn t For4Ohrwcck 

Total body 
LiVCJ 

SplCCn 
Muscle 
ICidlX, 

GI (SI) 
Bone 
Lung 

Total body 
Iher 
splm 
Muscle 
Bone 
Kidney 
Lung 
GI (SI) 

7: . 

For186brweck li 

4 x lo-' 
7 x IO-’ 

104 
104 
104 
5 x 104 
4 x 104 

9 x 104 

9 x10-' 
2 x IO-’ 
2 x 10-l 

3 x 104 

3 x IO-’ 
8 x IO-’ 

0.01 
0.02 

10-T 
2 x IO-' 
4 x 10-T 
4 x lo-’ 
4 x IO-' 
2 x 104 
2 x 104 
3 x 104 

2 x IO-’ 
3 x IO-’ 6x10' 

6 x 10" 
10-l 

4 x 104 6 x 104 2 xl04 2 x 10-I 
5 x 104 8 x IO-' 2 x IO-' 3 x 104 
6 x lo-’ 9 x 104 2 x 104 3 x 104 
7 x 104 10-7 2 x 104 4 x 104 
IO-’ 2 x 10-T 5 x 104 7 x 104 
IO-’ 2 x 10-r 5 x 104 8 x lo4 
5 x IO-’ 6 x lo-’ 2 x IO-8 2 x IO-’ 

0.02 5 x 104 8 x IO-' 2 x 104 

10" 

5 x 104 
0.1 
0.1 
20 
40 
40 
60 
70 

5 x104 

8 x10-' 
6 x lo-’ 

0.01 
2 

5 
6 
8 

(insol.) i Lmg 
I GI n.Ln I 7 x 104 

t 
, 

_- 

1 

! 

: 

4 I: 

104 
2 K IO-’ 

104 
2 x 104 

3 x 104 

4 x 104 

7 x lo-’ 
7x IOJ 
10-a 

10-a 

a x lo-' 
9 x lo-’ 

2 x 10-T 

IO-' 
3 x IO-’ 

5 x 104 

5 x 104 

104 

104 

2 x 104 

fix lo4 
IO-' 

4x104 

2x 104 
0.03 
0.05 
7 

10 
10 
20 
20 

2 x lo-' 

3 x104 
2 x 104 
5 x lo-* 

0.9 
2 
2 
2 
3 

2 xl04 

s x 104 
8 x lo4 

4 x 10-T 
7 x IO-’ 
104 
104 

2 x 104 

2 x 104 

4 x IO-‘ 
5 x 104 

lo-' 
3 x 10-T 

6x10-’ 
1 x 104 
10-T 
2 x IO-‘ 
3 x IO-‘ 
I x lo-‘ 
4 x IO-’ 
5 x IO-‘ 

104 
4 x 104 

=I‘ 
-3 

104 
104 

lO+ 

104 

104 

104 
e 

104 

104 

IO-’ 
IO-’ 
IO-’ 
,OJ 

04 

04 

04 

(insol.) 

pc5’~’ W.) 
8-s Y, c- 

.I- 

! 

.- 

30 
40 
50 
so 

100 
100 
300 

(insol.) 

GI n.LD 
Total body 60 
Bone 80 

34 
14 

)4 

14 

t-7 

- 

I4 
-a 

- 
4 

-7 

-1 

-, 

-T 

-7 

-1 

0 

f iVCr Id’ 
Muscle 2 x 101 
Lwk! 2 x IO’ 
Spkcn 3 x 10’ 
lcidney 4 x IO' 

GI 0 

Total body 
Liver 
Lung 

4 
9 

10’ 
3 x 10: 

3 IO' 
4 x 10' 
4 x IO’ 

(insol.) 

._ 

I 
I 

yBa”O (~1.) 
8-p 7 
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~ADlATIC)N PLOTECTION, C’JIDANCE 
FOR FE3ERAL AGENCIES 

#Aemorandam for the President . 

p,mumL tn Cxxulive Ordrr lOC31 al 
I’QbJic Law WXli3. the Fcxlcral Itidla- 
Uon Council hzs made a study of 11~ 
hazards and C!X of radiation WC hcrc- 
WLh transmit our first report to you 
conccmtn: our fi:ldinCs nnd our ,rccom- 
mendaiions for t!x culdancc of FccicriA 
rsencies ln the conduct of lhcti rrdk- 
tlon protection activities. 

It fs the si~:ll~~:(ory responslb!lify of the 
council to “* l l ndrisc the Pxsidcnt 
with rcspcct to rz!dlation matters. dl- 
rectly or indirectly Cccting health. 
including guid;,nce for all Fcdcral xen- 
ties In the formulation of raCiaLion 
standards and in the estab:ishm?nt and 
execution of pro3xns of cooperation 
VfthStates l l l ‘I 

FundamenM!~. setting ba:ic rcdiation 
protection st3nd:irds invoivcs passin,a 
judgment on the extent cf the possible 
health hazxd society is wil!in: to accept 
in order to rea;rte the kno\?n bcnefirs 
of radiaticn. It involves inevitat,ly a 
balancing Letrxcn total health protec- 
tion, which mi,rht require foreroinp any 
l ctiWier inxrerin~ exposurr to radia- 
tion. and Ux ri:o:‘ogs p;omo:ion of the 
use of radiclion and atctic e:>ergy in 
order to achic\ e op:imum benefiis. 

The Fedex1 Radiation Ccuncil hrs 
rcvieced avai!.tLle kmon_ledEc on radla- 
$lonhEects and consulted with sciaWists 
uithin RIId outside Ihe Government. 
Each member has also examined the 
guidance recommended in this memo- 
randum in Iich: of his r:atutoT re’ponsi- 
b:J!+Z;;* fi”!.” .*“l* ..” ._l_l_. ?!x guidance dses not 
cover all phases of radiaLron pro:ection, 
ruch as internnl emitters. xve find that 
the guidance xhieh ne recommend that 
you provide fGr t!x use of Fedc?al ageil- 
ties gives ppproprinte considcra0on to 
the requiiemcnts of health prot.ection 
and the bcn&cinJ 1;scs of radlntion and 
r:omic cncrgr. Onr further findings and 
rccommcndntions fo!lox. 

Disctusio~f. The fundamcntsl problem 
jn estnblir.hin~ rndintion protrciion 
Euides is to nllo\~ as much of thr Lrnc- 
ficbl uses of loni7in: radiation RS pos- 
sible while n.%surin,o that mnn is not 
exposed to undue hnrxd. To grt a true 
insight into the sropc of the problem 
and the impnct 0; thr drcisio:ls inrolvcd. 

) a rcvics of the bcircfils and t!ic hazards 
is nccc.s3ly. . 

It Is imporlant in ccrvidrrirl:: bo!h the 
bcnrfits nnd hxnrds of r.?ciir.tion to np- 
prrcinlc Ihnt ninn Jxts rsistcd tJlrau?J1- 
out. his history in n bnt!l of nnturnl 
radiation. This bnckr:round r:~dinCon. 
whirl, vzrirs osrr thr c.W.11. JKKi~~~s n 
pnrtinl bnqis for untlcrs::~ndin:: tllc cl- 
Iccls Of riltlinlion 011 rrlnll 311tl srrws 3s 
an Indicator of I!w rnn~rs of r:rc!lntion 
Cxposurcs I\ illiin wllich tlw hlm~nn pnpu- 
lntinn h.as d~vcl~~~:~~l wd incrc;\srtl. 

cncnn Rrcntcr than nnr the world hn?; 
yet hnd nvail3blc. In 1ndusLr-y. J: Is uxd 
a5 a tool to m~‘asurc lhicknc:. quantity 
or qualily. to dlscovrr hid&n flaws. to 
tract Iicluid fJo_-. and f(Jr otllrr purposes. 
60 m.xny rcscarch uses for ionrAn;: radia- 
tion have been found Lhnt scientists in 
many divcrsc fields now ranl: mdmtion 
With the microscope m value DS a work- 
inn:: tool. 

Tide Ituzurds of fonlting radiation. 
loniziniyz radiation involves health haz- 
ords just as do many other useful tools. 
Sccicntiflc flndinzs concerning the bio- 
logical cfiects of radiation of most im- 
mediate interest to the establishment of 
radiation protection rLanr.lasds are the 
following: 

1. Acute doses of rxllation may pro- 
duce immediiate or delayed effects, or 
both. 

2. As acute Whole body doses increase 
above approximately 25 rcms <unJts of 
radiation dose), immediately observable 
effects increase in severity with dose, 
beginnin= from barely detectable 
changes. to biological signs clearly indi- 
cating damage. to death at levels of a 
few hundred rems. 

3. Delayed efiects produced tither by 
acute irradiation or ty chronic irradia-- 
tion nre similar in kind. but the ability of 
the body to repair rcdiation dzmaze is 
usually more effective in the case of 
chxnic &an acute irraaation. 

4. The delayed effects from radiation 
are ln gzzeral indistinguishable from 
familiar pathological condl:ions usually 
present in the population 

5. Deirrcd effects include genetic 
effects <effects transmitted to succeeding 
generations). fncreased incidence of 
tumors, lifespan shortenin:, and growth 
and development changes. 

6. The child, the infant. and the un- 
born infant appear to be more sensitive 
to radlztiotl than the adult. 

7. The various orgas of the body differ 
in their scnsltiviip to mdiatlon. 

8. Althou:h lo&in= rxliation’can fn- 
duce genetic and soms?ic eIfects (effects 
on the individual during his lifetime 
other thnn genctlc effects), the evidence 
at the present time is insumzient to Jus- 
tify prrcisc conclusion; on the nature of 
the dose-ciTect relationship at low doses 
and dcse rates. hlcrex,ci. the evidence 
is insu:iicient to prove ci;hcr the hypoth- 
esis of a “damage thrrs!loId” (a. point 
below which no dnmape occurs) or the 
hrpothrsis of “no tJxcs!!lold” iu man at 
low doses. 

9. ffonc Rzmncs 8 dlroct llnc:,: 7.’ 

tion bclwcn bi4o-:lcztl t3cc~ aziL: : 
unmnt of dose. it then bccomc:. PC::. 
to rclatc very lox doie to an ~lx.;;:~. 
blo!orncal cffccl cvcn thow:h it fj 115;: (. 
trrl;rblc. It k scncrnllr ~-!~c~ti t!::: ::. 
cfrcct thnt may actualJy occur v::;: :. 
txcced the amount Prcdickd by E:. 
cLssumption 

Basic bio2oqicol azumpfions. ??_.c: 
are insufiiclcnt dat3 to provide 5 2:; 
basis for evaluating radiation c~cc:.-. : 
Eu types 2nd JCVC~S of irradin:!on 7::: 
I.5 pzrticulsr unce.rWnty oath rcrp::: : 
the biolocical cffe@s at very 1c.v 6: 
and low-dose ratx. It is nat 1):~:::: 
therefore to assume that thcrc is n I.:-. 
of radiation expxure below rhich :?.r: 
is absolute certainty that no ef7:r~t ~7: 
occur. This consideration. in zer;;:.: 
ta the adoption of the cor~c:.v~ti:.c !: 
pcthesis of a linear relation t-trecr. : : 
1oaicaJ effect and the &moutt. o: c’r- 
tie!ennines our basic epprorch to :: 
formulation of radiation pro!r:;.; 
guides. 

The lack of adequate scientiflr i?: 
mation m&es it u;zcnt that acid;:;::. 
research be undertaken and no:: c- 
developed to prGvidc a firmer Lx;; ; 
evaluating biolcz:icA risk. Appxy::: 
member agencies cf the Federal RZL. 
tion Council are sponsorin:: anti en:<: 
f&rig research in these areas. 

Recommenduiicns. In view CC 1: 
find figs summarized above tlx fo::~::: 
rec?.mmencWlons are made: 

11 is recommended that: 
1. There should not be any ~U-TT.G 

radiation exposure without the eqtc; 
tion of benefit. rexlting from sx!~ : 
posure. Activities resulting in man-r.?- 
radiation exposure should be author-z 
for useful applications provided in 1. 
ommendations 6ct lorth herein & 
follotved. 

It is recommended that: 
2. The term “R&!iopact$r’: 

Guide” be adopted for Fe5cr:J EC. 7. 
&?fi% define.5_ as-the_ radintic:l i: A. - 
which should not be esceedcii xi:?.: 
i%-cful coxidcmtion of the rcxxs ; 
doksy so; every effort should be n:::‘? 
&ccurege the maiatcnnnce of x&r.:. 
d0 SC3 as far below t&s guii;?. 
prxtiuble. 

It is recommended that: 
3. The following Rqdintion Pro:?:!. 

Guides bc adopted for norms1 pcncc:;; 
operations: 

. -. .- ..-..._ _ ___ 
. . I,’ , 
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plh vlun the lndtvidunl rholc boc7y 
doss art known. As kn opcnl1011;rl 
&chnlqoc, where the lnd~viduol whole 
body doses B~C not known. a suiLblc 
uun~)lc of the txpooscd populalion should 
be dcvtlopcd whw pfOlcclion gurdc for 
annual whole body dose will be 0.17 rcim 
per capita per year. It ls emr>h.Mzcd 
lhnt this is an orwratlonal tcchniquc 
which should be modil~ed to meet spe- 
cl811 situations. 

(2) Considerations of population le- 
nttfa Impose R pa capita dose limitilion 
for the gonads of 5 rcms in 30 years. 
The operaliond mechanism drscribcd 
above for the annual individual whole 
body dose of 0.5 rem is likely in the im- 
m&ate future to azure that the go- 
padal exposure Guide (5 rem in 30 
~tnrs) Is not exceeded. 

(3) These Guides do not differ sub- 
stantial;r from certnin other rtcor;l- 
mendatA& such as those made by the 
National Cornmiltcc on Radiation Pro- 
tection and hfeasurements, the Kationnl 
Academy of Sciences, and the Interna- 
tional Commission on F&diological 
~otection. 

(0 The term “maximum wrmissible 
dose” is used by the h’aLionalC0mmittee 
on Radiation Protection (NCRPJ and 
the Intemationnl Commission on Rr- 
biological Protection (ICRP). However, 
this knn is oflcn misunderstood. The 
words “maximum” and “permissible” 
both have unlortunate connota.tions not 
pcte&dtd by either the h’CRP or the 

(5) ’ There can be no single ptsmissib:e 
or acceptable level of exposure th.i:ho’Jt 
regard to the reason for permitting the 
exposure. It should be general practice 
k, r&ice EX~~~SXC to r;ldlation. and pas- 
itive effort should be carried oui to ful- 
llll the sense of these recommendations. 
It is basic that exposure ;o radiation 
rhould result from a real devrminttion 
of its necessity. 

(6) There can be different Radiation 
Protection Guide a-ith dinerent numer- 
Lcal values, depending upon the circum- 
ctances. The Guides herein recom- 
mended nrt npwopriate for normal 
peacetime oper8tion.s. 

(7) These Guidrs are not Intended to 
apply to radiation exposure resultinF: 
from natural b3ckcround or the pur- 
poscful exposure of pntients by prncti- 
tioners of the healbIg arts. 

(8) It is rccosnixd that our present 
gcieutific knoalcd-,c dots not pravidc a 
firm found.?tion wilhin a 13cLor oi lwo 
or three for selcctio~~ of nnr parLic.iilar 
atunn?cal value In prrferrnce to anothrr 
value. 11 should & rccU:nizcd thnt the 
Mdlntion Protection Guides rccom- 
mended In this paper are well below tlac 
lcvcl whcrc biolofiicti damage has bctu 
obsctvcd In hum:lns. 

It 1s recommrndrd that: 
4. Current protcct.iou cuidrs used by 

the hgcncics be conlintrrd on an intrrim 
bask lor orznn doses t.o the yopulnlion 

Rwwuucndntions nrc not m:tdc! con- 
wrninz l-he Rndinlian Protection Guitlrs 
lor Individuti orr.an d@* to the IXWU- 
Inlion. other thnn the fvnnds. UnTor- 
tUnr~tcly, UIP cnm;&-xitic-s of rstablislrirr:: 
Nldm npplicnblc to mdlnt.ion Cx~~~~lirc 
Of nll body on:nns prrcliidr the Colirlrll 
frOn\ making rrconmrmdatiotr concern- 

FEDERAL REGISTER 

lnr: them at this the. Bowcvcr, turrcnt 
UroCccllon cuiclcs used by the ILIX~CICS 
appear alvvovriatc on an Lntcrim basis. 

11 k rcconuncndrd thrrl: 
5. The tcnt~ “Radioactirlty Conccn- 

t&ion Guide” be adopkd for Mcral 
UC. This tcxm is dcfinwi w the concen- 
tration of radioactivity In the environ- 
ment which is dctemlincd to result in 
whole body or onzan doses coual to the 
Rndintion ~Prokction Guidr. _ 

Within this definition, IZadioaclivity 
Concentration Guides can be dekrmined 
after the Radiation Protcct)on Guides 
are decided upon. Any given Rztdioac- 
tivily Concentration Guide is apphcable 
only for the circumstances under which 
the use of Its corresponding Radiation 
F’rotcction Guide Is appropr~te. 

/I! 

It is recommended that: 
6. The Federal agencies. as M interim 

measure. use radioactivity concentration 
guides which are consistent with the rec- 
ommended Radiat.ion Protection Guides. 
Where no Radiation Protection Guides 
are provided, Federal agencres continue 
present practices. 

No specific numerical recommenda- 
tions for Radioactivity Concentration. 
Guides art provided al this time. How- 
ever, concentration guides non used by 
the agencies appear appropriate on an 
&t.erim basis. Where appropriate radio- l 

activity wnccntration guides are not 
available, and ahere Radiation Protec- 
tion Guides for specific organs are pro- 
vided herein, the lat.&r Guides can be : 
used by the Federal agencies as a &art- 
in& point for the derivetbon of radio- 
activity concentration guides applicable 
to their particuhr prob:.ems. The Fed- 
eral Radiation Coilncil has also initiated 
nctjon direcied towards the development 
of additional Guides for radiation 
Prot&Aon. 

The rtcommcndations numbcrcc! “: 
throush “7” contained in the nl?-. 
memorandum nrc approrrd for I. 
puid:mcc of Fcdrral agcn~rcs, ~n-2 t 
memorandum shall bc pub:iAcd III r!. 
FEDERAL FUclsrER. 

DWICUZ D. Ezsnmowtr. 

Mlrr 13, 1960. 

1. Is recommended that! 
7. The Fcdernl agencies apnlr these 

Radiation Protection Guides a&h judg- 
ment and discretion, to assure that rea- 
sonable probability is achieved in the 
attainment of the desired goaJ of prot.ect- 
fng man fr0.m the undesirable effects of 
radiation. The Guides map be exceeded 
only afLer the Federal ogcncy having 
jurisdiction over the matter has carefully 
considered the reason for doing so in 
light of the recommendations in this 
paper. 

The Radintion Protection Guides pro- 
vide a general framework for the radia- 
tion protection requircmcnts. It is 
enr~tcd~ thnt each Fedcrnl aycncy. by 
v~rtuc of its immrdiatc k~~owledce of Its 
operatin: problems. will USC thcs~ Guides 
as n basis upon which to dcvclop detailed 
rtnndards Mlorcd to meet IIs pnr:iculnr 
rcquircment;. The Council v:ill fo&nv 
the nctivilirs of the Fcdcrzl n::n,cirs in 
this aren nnd will promolr ~hc necrssnry 
Coordination to nchieve an til’cctlvc 
Fcdrral ptqram. 

If the forraoing recommcndntlons arc 
npprowd by you for the rwidnncc of 
Frdrrnl ngcncics in the conduct of their 
mdintion protcrtion nrtirilirs, It is fur- 
thrr rccommcndcd that t.his mrnrornn- 
dum bc published lu the FEDUUI, 
RcclsTxr. 
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FEDERAt RADIATIDtl CDUINL 
RADIATION PROTECTION GUIDANCE 

FOR FEDERAL AGENCIES 

Memorandum for thr President 

I 

SvrrYerr 13, 1961. 
Pukuant to Executtve Order 10831 

ti Public Law 86-373. the Federal Ra- 
diation Council herewlth transrnitr Its 
aeoond report to you concerning flndings 
urd recommendations for guidance for 
Ftdeml Nencies In the conduct of thefr 
dintion protection activities. . 

Background. On May 13. 1960. the 
dust recommendations of the Council 
were approved by the President and the 
memorandum containing these recom- 
mendations was published in the RD- 

Jw Rtclsrrr on May 16, 1960. There 
W= also released at the same time, Staff 
Report No. 1 of the Federal RadiaUon 
Council. entitled, “Background Makrlal 
f& the Development of Redlation Pro- 
tectlon Standards,” dated May 13. 1960. 

The first report of the Council Pro- 
vided a general philosophy of radiaUoA 
protection to be used by Federal agencfea 
In the conduct of their specific programs 
and responsibilities. It introduced and 
defined the term “Radiation Protection 
Ouide” (RPG ). It provided numerical 
values for Radiation Protection Guides 
‘for the whole body and certain organs 
of radiation workers and for the whole 
bbd9 of individuals in the general pop 
ulatlon. a5 well as an average population 
gonadal dose. It introduced as an oper- 
ational technique. where lndivi~5;la.l 
whole body doses are not known, the use 
of a “suitable sample” of the exposed 
population in which the guide for the 
average exposure of the sample should 
be one-third the RPG for the individual 
members of the group. It emphasized 
that this operational technique should 
be modified to meet special situations. 
In selecting a suitable sample particular 
care should be taken to wure that a 
dlsproportionate fraction of the average 
dose is not received by the most sensitive 
population elements. The observations. 
assumptions. and comments set out in 
the memorandum published in the F’ED- 
IIAL R~cxsrrr. May le. 1960. are usually 
applicable to this memora;:dur;. 

This memorandum conrains Pecom- 
mendations for the guidance of Federal 
agencies in activities designed to limit 
exposure 0r members of poprl%ion 
groups to radiation from radioactive 
materials &posited in the body as a 
result of their occurrence in the environ- 
ment. These recommendations include: 
(1) Radiation Protection Guides forcer- 
kin organs of lndivlduals In the general 
population. as well as averages over 
gultable snmples of exposed groups: (2) 

( culdance on general prinrlples of control 
. applicable to all radlonuclldes occurring 
&I the environment: and (3) spectic 
mldance La connectton ~4th exposure . . 

1961, as corrected] 

of populatlor; groups to radhzm-226. ! - ~- ‘- - ’ 
iodine-131, atronttum-90, and stron- 
tium-89. It is the Intention of the Coun- 
dl to release the background material 
kading to these recommendations LS 
Staff Report No. 2 aben the recotnmen- 
dations contained herein are npproved. 

SpecLflc attention wps directed to 
problems mated with radium-226. 
bdlne-131. strontium-go. and strontium- 
89. hdlum-226 is an important natu- 
raIIy occurring radioactive material. The 
other three were present tn fallout from 
nuclear weopoas testing. They oould, 
under certain circumstances, also be 
major coru5tituents 0r radIoactive mn- 
terials reletd to the environment from 
large scale atomic energy installations 
wed for peaceful purposes. Available 
data suggest that effective control of 
these nuclides. in m of mixed f&Ion . 
product contamination 0r the envlron- b 
ment. would provide reasonable W&UT- 
ante of at least comparable Imitation 
of hazard from other fission products tn 
the body. 

In the development of the Ftadlatioxi 
Protection Guides contained herem. the 
Co~~~fl._~rs con+ered both aides of this 
balance. The Council has reviewed 
l vailable knowledge, consulted with 
scienUsstJ wlthln and outside the Govem- 
ment, and soliclted views of LnLerested 
individuals and groups from the general 
public. In particular, the Council has 
not only drawn heavily upon reports 
published by the InkmaUonal Commas- 
sion on RadroIogical Protection (ICRP) , 
the National Committee on Radiation 
Protection and Measurements tNCRPj, 
Bnd the National Academy Of Sciences 
*(NAS) , but has had during the develop- 
rpent of the report the benefit or con- 
cultatlon with. Bnd comments and sug- 
gestlons by, individuals from NCRP and 
NAS and of their subcommittees. The 
Radiation Protection Guides recom- 
mended below are considered by the 
Council to represent an appropriate bal- 
ance between the requirements of healrh 
protection and of the beneficial uses of 
radiation and atomic energy. 

Establishment 0r the Federal Ra&a- 
‘tdon Council followed a period of public 
concern incident to discussions ‘of fall- i 
out. While strontium-90 received the 

It is recommended that: 
1. The follow-ing Radiation Protection. 

Guides be adopted for normal peacetime 

operationa . . greatest poxWar l tt..enUon, exposures to 
Ccsium-lj7.. iodine-131. -str&Uum-89 
and. ln still lesser degrees to other radio- 
nuclides. are tnvolved in the evaluation 
of over-all efrects. The characteristics 
of cesium-137 lead to direct comparison 
with whole body exposures for which 
recommendations by the Council have 
already been made. 

Studies by the staff of the Council in_- 
dicate ,tha$ ob+crved concentratio-n ‘of 
r&io&<e strontium in food and water 
do not result in concentrations in the 
skeletoi. (and consequently in rodia- . 

Thyroid..:__- 1.6 mm per,ar... 0.6 rem Per lar. 
. I)cx myrow. O.Lmmpcr~eu... O.l:rrmPCrY=. 
Boric....._.... 1.6 rem per ytnr._. 0.5ran wr >'cLf. 
Uom blur- o.Oa n-8lc'opTmls 0.0GI micrwrmr 

aaat CuMc). of RI-!B ID lhe of Jtr-2% In the 
Mull skclcto?l wJu1c rt4c1on 
or tk bkUodcnl or the blolo&al 

tlon doses) u large as have b&n asi L 
yuirJent 01 equlvllenl of 

rumed in the past. However. concentra- E%-‘” ., 
~&~~,I ol 

tions of lodlne-131 in the diets of small’ 
children, particularly in milk, equal to It WW be noted that the preceding table 
those permitted under current standards provides Radiation Protection Guides to 
would lead to rBdla#on doses to the be applied to the average of a suitable 
.chlld’s thyroid which, in comparison mple of an exposed populaUon group 
with the general structure of current which are one-third of those applrtig t0 
mdlatlon protection standards, would Individuals. This is in accordance with 
be too high. This ts because current * the recommendations in the first report 
concentration guides for exposure of or the Council concerning operational 
population groups to radioactive mate- * techniques for controlling population ex- 
rials in air, food. and water have been posure. Since in the case of exposure of 
derived by application of a smgle frac- b population group to radionuclides the 

radiation doses to individuals are n3t 
usually known, the organ dose to be used 
as a guide for the average of suitable 
samples of an exposed population eroup 
L also given as an RPG. 

Uon t+ o&responding occupational 
guides. Zn the case of iodine-131 tn 
milk. co-irynption of milk and retentloa 
of iodine by the child may be at least as, 
great as by the adult. while the rela- 
tively small size of the thyroid makes ’ 
the radletion dose to the thyroid much 
lnrger than in the case of the adult. In 
l dditlon, there is evidence that irradia- 
tion of the thyroid Involves greater risk 
to children than to adults. 

Rwommendations as io Kadiafion Pro- 
fectia Guides. The Federal Radiation 
Council has previously emphasized that 
establishment of radiation protectron 
standnrds tnvolves a balancing of the 
benefits to be derived from the controlled 
use of radiation and atomic energy 
against the risk of radiation exposure. 

Recommendations as to general prin- 
tiples. Control pr population exposure 
from radionuclides occurring in tile en- 

vironment ts accomplished In genernl 
either by restriction on the entry of such 
materials into the environment or 
through measures designed to limit the 
intake by members of the population of 
radionuclides already in the environ- 
ment. Both approaches involve the con- 
sideration of BCtUd or pOtenti Con- 

centrations of radioactive material in 
air. water, or food. Cvntrols should be 
based upon &XI evaluation of population 
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expomre rltb respect to the FtPG. For 
&his purpose. the total dally intake of 
ruch mrkrhls. averaged over periods of 
&he order of a year, c0nstltutcs an appro- 
prW.e criterion. 

trru Ii-o.*Dsm kAu¶ w Acnolc 

The control of the intake by members 
& the general population of radioactive 
8W.erlals from the environment can rp- 
proprlatcly involve many dUStrent kinds 
of actions. The character and tmport of 
uleae l ctlons may vary widely, from those 
rhlch entall little interference with 
usual l ctivfties, such as monitonng and 
ruroelllance. to those which involve IA 
-JOT disruption. such as condemnation 
of food supplies. Some control actions 
may nquire prolonged lead times before 
becoming e8ectlve. e.g., major changes 
in processing facilities or water supplies. 
The magnitude of control measures 
should be related to the degree of likeli- ’ 
bad that the RPG may be exceeded. 
The use of a single numerical intake 
due, which tn part has been the practice 
nnW DOW. does DOt in many Instances 
provide adequate guidance for taking 
actions l ppropr!ate to the risk involved. 
For planning purposes, lt is desirable 
that insofar as possible control actions 

‘to meet contingencies be knovin In 
&Vance. 

It k r&mm&d& that: 
S. (a) The following guidance on dally 

intake be adopted for normal peacetime 
operations to be applied to the average 
ofso~tab&ampl~ of an exposed popu- 

: 

It is recommended that: 
2. The mdlological health l etltitles of 

JMeral l pcncies in cormectlon with en- 
Wronmental. contauiination with rhao- 
~tlve makrlals be based. within the 
Hmlt5 of the agency’s statutory respon- 
dbilitlu, on a graded series of appropri- 
ate actlons related to ranges of intake of 
radioactive rnatcrlals by exposed popu- 

. Wion groups. 
‘In order to provide tzu.cianrr *n ‘ho 

. l gendes in adapting the gr..deii hp- 
preach to their own programs, tue 
recommendations pertaining to the 

: rpeclflc radionuclides In this memoran- 
bum consider three transient daily rates 

:-of intake by suitable samples of e;iposed 
population groups. For the o’cher radio- 

’ nuclldcs. the agencies can use the same , 
.#eneral approach, the decalls. of v:h;ch 
are considered ln 6tan Report Ko. 2. 
The general types of actlorr approprhte 

.vhen these transient rates of Make fnl: 
into the dlilerent ranges are also dis- 
cussed In &ail Report No. 2. The pur- 
pose of these actions is to provide reason- 

. rble 8ssurance that average rates of 

. intake by a suitable samp!: e atl l .-T _ --3 
population eroup., we;, _. 
aample and averagti ovel FWW?- L ; :I-_ 
of the order of one year. do not exceed 
the upper value of Ftange II. The tzen- 
cnf character of these ac.lons is sug- 
gested in the lolloamg tabl:: : 

. . 
. 

. 
Recamen**tions~ on IWrts, I-1X. 

Sr-90. and Sr-19. The Council has given 
speci& consideration to the effects OD 

man of rates of tntake of radium-226, 
iodine-131. strontium-90 md strontium- 
89 resulting in radiation doses equal to 
those specifled in the appropriate RPa’s. 
The Council has also reviewed past and 
current activities resulting tn the release 
of these radionuclides to the environment 
md has given consideration to future 
developments. For each of the nuclides 
three rane es of transient daily intake are 
given which correspond to the guidance 
contolned in Recommendation 2, above. 
Ztoutine control 02 useful applications 02 
radiation and atomic energy should be 
ruch that q~~ted averape exposures 02 
auitable ramples of an exposed popuk- 
tion group will Dot exceed ‘the upper 
value of Range II. For iodine-131 and 
radium-Cu. thts value ~corresponds to 
&he RPG for the average of a suitable 
rample of an exposed population group. 
In the cl~scs of strontium-00 and stron- 
tfum-69, the Council’s otudy indicated 
$hat there is current& no known optra- 
Uonal nquiremeut for an intake value 
ti:; high a* the one corresponding the 
i&G. IL.&. a value estimated to cor- 
respond to doses to the ClltlCal organ not 

Ee;tEeFan one-third of the FUG has 

The guidance recommended b’clow L 
given ln terms of transient rates of 
tradioactivlty) intake ln micromlcrocu- 
ries per day, The upper limit of Range 
II is based on an annual RPG (or lower, 
In Case of radioactive strontium) consid. 
ered as WI acceptable risk Zor a lifetime. 
However. it is necessary to use averages 
over periods much shorter than a life- 
Ume for both radiation dose rates and 
rates of. intake for administrative and 
T*.?UhtOT\' nwposes. It Is recommended 
!~~rr SU& *~riods should be of the order 
of O&e kear. It is to be noted that values 
Itsted tn the tables are much smaller 
than any ah-&e intake from which an 
lndfrfdual might be expected to nrstain 
lJUury. . . . * 

(b) Federal agencies determtne con- 
centrations of these radlonucliaes In air. 
water. or items of food applicable t6 
their particular programs whack are con- 
sistent with the guidance conrainf-d 
herein on average dally intake for the 
radionuclides radium-P?& lod!nr-13 1, 
strontium-DO, and strontium-89. Some 
of the general considerations involved in 
the derivation of concentration values 
from intake: values are given in Staff Re- 
port No. 2. 

It Is recummended that: 
. 

4. For redionuclides not considered in 
this report. agencies use concentration 
values tn afr, water, or ftens of fwd 
which we consistent with recommended 
Radibtlon Protection Guides and the 
general guidance on intake. 

In the future, the Council ~111 direct 
attention to the development 01 appro- 
priate radlat.ion protection guidance iir 
those redionuclides for which such con- 
slderation appears appropriate or neces- 
gary. In particular, the CouIXll Will 
study any radionuchdes for which use- 
ful applications of radiation or atomic 
aergy require release to the envlronment 
of significant amounts of these nuclldes. 
Federal agencies are urged to Inform 
the Council of such situations. 

AWWUM R~a~corr. 
- Chairman, 

F&eta? Radialion Council. 

me recommendations numbered “1” 
through **I” contained in the abobe 
memorandum are approved for the guid- 
ance of Federal agcncics, and the metno- 
randum ahnli be published in the AD- 

atAL REGISTER., 
. JOHN F. ECCHNEDY. 
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TabTe 9. Ftkux 

. 

hua? Dose Rate in ma/y 

,oflouztflPe on Consisting 
for a Living 

Eneu Island 

Case When hport.ed~Foods are Readily Available h the Diet 

Bone harrow 

Wholebody 

121 . 

100 

. 

hkmal&wa* 

20 

20 

Case #hen iocai Subsisience Crops am In Full Use 

* 

BoneHwrou 

Who7ebody 

*4?+.%_+ 
“I 1 

I I 

Ingestion 

233 - 

189 

ExtemalCaxfb8* 

20 

20 

Total 

141 

120 

Total 

253 - ‘. 

209 

. 

‘All food crops are frtxn Eneu Island 

*atural background subtracted 
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Table 10. Maximum Annual Dose Rate fn w&y for 8 Lfvfng 
Pattern Consisting of 802 time on Entu tslmd md 
20X time on Bfkfnf Island 

. 

. 

Case When Imported Foods are Readfly Available fn the Dfet 

he Uarrou 

Wholebody 

* 
Bone nbrrou 

Uholebody 

1 qs+-sr+ 
Ingestfon 

121 - 

100 

Case When Local Subsfstence Cmps are In Full Use I 

.- &* “‘cs+“‘S’ 

Ingestion 

233 

189 
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Table 11. ?!axbm Annual Dose Rate in mredy for a livfng 
Pattern C@nsIsttng of 100% tlm on. B4kini ltluld 

. 

. 

. tire Uhen hported~foods we kadfly @af'lrble in the Dlct 
. 

Bone Hamu 

a 
Uholebody 

1 t7&Oo$r 

IngestIon External m* TOttil 

941 * 256 . 1,197a 1.2 mvy 

077 - 256 1,133 - 1.1 wy 

. 

Case Uhen Local Subsfstence Crops are 4n Full Use 

. a q$+“$r 

Xngestion 

Bone Warron 2013 

Wholebody 1849 

Qcal Background Substracted 

E%temat 6aaBe 

256 

256 

TOtAl 

2,269 m 2.3 r&y 

2,105 - 2.1 re@y 
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table 12. SYear Integral Dose In km for (I LWng Pat-m 
ConsIsthg of loOI time on Eneu Island md Imp~Wtd 
Foods Being Readily Available 

. 

. 

Ingestion who1 ebody 

“‘Cs 2.25 

“Sr -- l 

Lx ternat 0.433* 
. 

Total * @’ 2.7 

Bone Harruw 
and Bone 

2.25 . 

0.70 

.ooo45 

.oolZ * 

O.ooO5B 

0.433+ 

3.1 

based on an MtIal dose rate for Eneu Island of 20 mm/y 
and assuming the entire dose Is from L87C~. 
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Table 13. 30 YEAR t?KEGRAt OOSE IN Rem FOR A LIVfN6 PAlTERN CQtSIS~H6 
OF 1001 f ME ON EMU ‘SW; w, FOR FULL USE OF LOCAL SUBSXSTEHCE 

. 

fNGESTION WHOLEBODY _BONEW\RROWANDBONE 
n'x 

197 a i.25 4.25 

%r m I.5 
289+2SOj~~ " .WO8 

241k m . .0021 

241h,241,,,,, m 0.0019 

ExternaUbma 0.433f 0.433+ 

TOTAL 4.7 6.2 

l bed on an itWr7 dose rate for Eneu island of 20 awy and aosming 

the mtbe dose is frm Ws. 



. . 

c $I _... -., 
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fable 14. 30 YEAR INTEGRAL OOSE IN Rem FOR A LIVIffi PATTERN COWSTIWG OF 
100 % TIRE ON BIKINI ;;rSAN$D IHPORTED FOOS BEING READILY 

. 

IWGESTION WOLEBODY BONE HARROW AND BONE 

. . 
137 Cs - 19.8 * 19.8 

90 SF m 2.2 

239+2sopu m .00051 

24lAm m A013 
. 

241 241 
Pu/ AM 

External Gam 

. 

II 

5.54+ 

TOTAL 26.3 

CI 

. 5.W 

27.5 

+ Bared on an initial dose rate of 256 arem/y and assudng that the 

tntM dose If fmd37Cs. 

. 



fable 15. 30 VW IliWSAL DOSE IIt km FOR A LIVING PATTERN CONSISTIK OF 
100 g TfM OH 8IKIllI ISLAND AND FULL USE OF LOWLY GROWN SUBSlSlEKE 

I#GESffON 

I27 c$ 
- 

‘OS? 

239+2bO pu 

241 h 

External kama 

TOTAL 

CROPS. 

WHOlEBODY\ BONEMRRW ANDBONE 

. il..6 

- 

- 

c 

a 

$54’ 

0.1 

41.7 

5.6 

30094 

l a024 

w 

5.w 

52.8 

. 

+ Sased on an initiaJ.dore rate of 256 ma per year and asrunIng that the 

entbe'dose 1s fm1f7Cs. 
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SUMMARYAANDRECOMMENDATIO?;S 

In anticipation of the widespread increased 
use of nuclear energy, it is time to think anew 
about radiation protection. We need standards 
for the major categories of radiation exposure, 
based insofar as possible on risk estimates and 
on cost-benefit analyses which compare the ac- 
tivity involving radiation with the alternative 
options. Such analyses, crude though they 
must be at this time, are needed to provide a 
better public understanding of the issues and a 
sound basis for decision. These analyses should 
seek to clarify such matters as: (a) the environ- 
mental and biological risks of given develop- 
ments, 01) a comparison of these risks with the 
benefits to be gained, (c) the feasibility and 
worth of reducing these environmental and 
biological risks, (d) the net benefit to society of 
a given development as compared to the alter- 
native options. 

In the foreseeable future, the major contribu- 
tors to radiation exposure of the population 
will continue to be natural background with an 
average whole-body dose of about 100 mreml 
year, and medicai applications which now con- 
tribute comparable exposures to various tis- 
sues of the body. Medical exposures are not 
under control or guidance by regulation or law 
at present. The use of ionizing radiation in 
medicine is of tremendous value but it is essen- 
tial to reduce exposures since this can be ac- 
complished without loss of benefit and at rela- 
tively low cost. The aim is not only to reduce 
the radiation exposure to the individual but 
also to have procedures carried out with maxi- 
mum efficiency so that there can be a continu- 
ing increase in medical benefits accompanied by 
a minimum radiation exposure. 

Concern about 0-z m-z;ear power industry 
arises because of its potential magnitude and 
m-idespread distribution. Based on experience 
to date and present engneering judgment, the 
contribution to radiation exposure averaged 
over the U. S. population from the developing 
nuclear power industry can remain less than 
about 1 mrem per year (about 1% of natural 

background) and the exposure of any individu- 
al kept to a small fraction of background pro- 
vided that there is: (a) attainment and long- 
term maintenance of anticipated engineering 
performance,(b) adequate management of radi- 
oactive wastes, (c) control of sabotage and di- 
version of fissionable material, (d) avoidance of 
catastrophic accidents. 

1 

The present Radiation Protection Guide for 
the general population was based on genetic 
considerations and conforms to the BE4R 
Committee recommendations that the average 
individual exposure be less than 10 R (Roent- 
gens) before the mean age of reproduction (30 
years). The FRC did not include medical radia- 
tion in its limits and set 5 rem as the 30-year 
limit (0.17 rem per year). 

Present estimates of genetic risk are ex- 
pressed in four ways: (a) Risk Relative to h’atu- 
ral Background Radiation. fiposure to man- 
made radiation below the level of background 
radiation twill produce additional effects that 
are less in quantity and no different in kind 
from those which man has experienced and has 
been able to tolerate throughout his history. 
01) Risk Estimates for Specific Genetic Condi- 
tions. The expected effect of radiation can be 
compared with current incidence of genetic 
effects by use of the concept of doubling dose 
(the dose required to produce a number of mu- 
tations equal to those which occur naturally). 
Based mainly on experimental studies in the 
mouse and Drosophila and with some support 
from observations of human populations in 
Hiroshima and Nagasaki, the doubling dose for 
chronic radiation in man is estimated to fall in 
the range of 20-200 rem. It is calculated that 
the effect of 170 mrem per year (or 5 rem per 
30-year reproduction generation) would cause 
in the first generation between 100 and 1800 
cases of serious, dominant or X-linked diseases 
and defects per year (assuming 3.6 million 
births annually in the U.S.). This is an.inci- 
dence of 0.05%. At equilibrium (approached af- 
ter several generations) these numbers would 
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be about five-fold larger. Added to these would 
be a smaller number caused by chromosomal 
defects and recessive diseases. (c) Risk Relative 
to Current Prevalence of Serious Disabilities. 
In addition to those in 01) caused by single-gene 
defects and chromosome aberrations are con- 
genital abnormalities and constitutional dis- 
eases which are partly genetic. It is estimated 
that the totalincidence from all these including 
those in fb) above, would be between 1100 and 
2f,OOO per year at equilibrium (again, based on 
3.6 million births). This would be about 0.55% 
at equilibrium, or 0.1% in the first generation. 
(d) The Risk in Terms of Overall Ill-Health. The 
most tangible measure of total genetic damage 
is probably “ill-health” which includes but is 
not limited to the above categories. It is 
thought that between 5% and 50% of ill-health 
is proportional to the mutation rate. Using a 
value of 207f and a doubling dose of 20 rem, we 
can calculate that 5 rem per generation would 
eventually lead to an increase of 5% in the ill- 
health of the population. Using estimates of 
the financial costs of ill-health, such effects can 
be measured in dollars if this is needed for cost- 
benefit analysis. 

Until recently, it has been taken for granted 
that genetic risks from exposure of popula- 
tions to ionizing radiation near background 
levels were of much greater import than were 
somatic risks. However, this assumption can no 
longer be made if linear non-threshold relation- 
ships are acsepted as a basis for estimating 
cancer risks. Based on knowledge of mecha- 
nisms (admittedly incomplete) it must be stated 
that tumor induction as a result of radiation 
injury to one or a few cells of the body cannot 
be excluded. Risk estimates have been made 
based on this premise and using linear extrapo- 
lation from the data from the A-bomb survi- 
vors of Hiroshima and Nagasaki, from certain 
groups of patients irradiated therapeutically, 
and from groups occupationally exposed. Such 
calculations based on these data from irradiat- 
ed humans lead to the prediction that addition- 
al exposure of the U. C. pop.ulation 0f 5 rem per 
30 years could cause from roughly 3,000 to 
15,000 cancer deaths annua!ly, depending on 
the assumptions used in the calculations. The 
Committee considers the most likely estimate 
to be approximately 6,000 cancer deaths an- 
nually, an increase of about 2% in the sponta- 
neous cancer death rate which is an increase of 

about 0.3% in the overall death rate from ~11 
causes. 

Given the estimates for genetic and somatic 
risk, the question arises as to how this infor- 
mation can be used as a basis for radiation, 
protection guidance. Logically the guidance OI- 
standards should be related to risk. Whethe] 
we regard a risk as acceptable or not depends 
on how avoidable it is, and, to the extent not 
avoidable, how it compares with the risks of 
alternative options and those normally accept- 
ed by society. 

There is reason to expect that over the next 
few decades, the dose commitments for all man- 
made sources of radiation except medical 
should not exceed more than a few millirems 
average annual dose to the entire U. S. popula- 
tion. The present guides of 170 mremlyr gre\v 
out of an effort to balance societal needs 
against genetic risks. It appears that these 
needs can be met with far lower average expo- 
sures and lower genetic and somatic risk than 
permitted by the current Radiation Protection 
Guide. To this extent, the current Guide is un- 
necessarily high. 

The exposures from medical and dental uses 
should be subject to the same rationale. To the 
extent that such exposures can be reduced 
without impairing benefits, they are also un- 
necessarily high. 

It is not within the scope of this Committee to 
propose numerical limits of radiation exposure. 
It is apparent that sound decisions require 
technical, economic and sociological considera- 
tions of a complex nature. However, we can 
state some general principles, many of which 
are well-recognized and in use, and some of 
which may represent a departure from present 
practice. 

a) 

b) 

No exposure to ionizing’ radiation should 
be permitted without the expectation of a 
commensurate benefit. 

The public must be protected from radia- 
tion but not to the extent that the degree 
of protection provided results in the sub- 
stitution of a worse hazard for the radia- 
tion avoided. Additionally there should 
not be attempted the reduction of small 
risks even further at the cost of large 
sums of money that spent ot.herwise, 
would clearly produce greater benefit. 

2 
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f) 

There should be an upper limit of man- 
made non-medical exposure for individu- 
als in the general population such that 
the risk of serious injury from somatic 
effects in such individuals is very small 
relative to risks that are normally accept- 
ed. Exceptions to this limit in specific cas- 
es should be allowable only if it can be 
demonstrated that meeting it would cause 
individuals to be exposed to other risks 
greater than those from the radiation 
avoided. 
There should be an upper limit of man- 
made non-medical exposure for the gener- 
al population. The average exposure per- 
mitted for the population should be consi- 
derably lower than the upper limit permit- 
ted for individuals. 
Medical radiation exposure can and 
should be reduced considerably by limiting 
its use to clinically indicated procedures 
utilizing efficient exposure techniques and 
optimal operation of radiation equipment. 
Consideration should be given to the fol- 
lowing: 

1) 

2) 

3) 

Restriction of the use of radiation for 
public health survey purposes, unless 
there is a reasonable probability of 
significant detection of disease. 

Inspection and licensing of radiation 
and ancillary equipment. 

Appropriate training and certification 
of involved personnel. Gonad shielding 
(especially shielding the testis) is 
strongly recommended as a simple and 
highly efficient way to reduce the Ge 
netically Significant Dose. 

Guidance for the nuclear power industry 
should be established on the basis of cost- 
benefit analysis, particularly taking into 
account the total biological and environ- 
mental risks of ;he irrious options avail- 
able and the cost-effectiveness of reducing 
these risks. The quantifying of the “as low 
as practicable” concept and consideration 

d 

h) 

9 

8 

-of the net effect on the welfare of society 
should be encouraged. 
In addition to normal operating conditions 
in the nuclear power industry, careful 
consideration should be given to the prob- 
abilities and estimated effects of uncon- 
trolled releases. It has been estimated that 
a catastrophic accident leading to melting 
of the core of a large nuclear reactor could 
result in mortality comparable to that of a 
severe natural disaster. Hence extraordi- 
nary efforts to minimize this risk are 
clearly called for. 
Occupational and emergency exposure 
limits have not been specifically consi- 
dered but should be based on those sec- 
tions of the report relating to somatic 
risk to the individual. 
In regard to possible effects of radiation 
on the environment, it is felt that if the 
guidelines and standards are accepted as 
adequate for man then it is highly unlike- 
ly that populations of other living organ- 
isms would be perceptibly harmed. Never- 
theless, ecological studies should be im- 
proved and strengthened and programs 
put in force to answer the following ques- 
tions about release of radioactivity to the 
environment: (1) how much, where, and 
what type of radioactivity is released; (2) 
how are these materials moved through 
the environment; (3) where are they con- 
centrated in natural systems; (4) how long 
might it take for them to move through 
these systems to a position of contact 
with man; (5) what is their effect on the 
environment itself; (6) how can this infor- 
mation be used as an early warning sgs- 
tern to prevent potential problems from 
developing? 

Every effort should be made to assure ac- 
curate estimates and predictions of radia- 
tion equivalent dosages from all existing 
and planned sources. This requires use of 
present knowledge on transport in the en- 
vironment, on metabolism, and on relative 
biological efficiencies of radiation as well 
as further research on many aspects. 
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ATTORNEYS AND YICRONESIAN COUNSELORS 

f”LODO”E (1. YI,C”LLL MARIANO w. CARLOS 
‘.SC”II”‘ DI.EC.O” LINOON CO”WELI”S 

FREEDOM OF INFORMATION ACT REQUEST 
PLEASE REPLY TO Washington Office 

August 3, 1979 

Mr. Milton Jordan 
Director 
Division of FOI and Privacy 
Acts Activities 

Department of Energy 
GB-145 Forrestal Building 
1000 Independence Avenue, S.W. 
Washington, D.C. 20585 

Dear Mr. Jcrhz: 

This request is made pursuant to the Freedom of 
Information Act. 

Under date of May 15, 1979, the Assistant Secretary of 
Environment sent a letter to the Honorable James A. 
Joseph, Under Secretary of the Interior, having to do 
with Bikini atoll, Xarshall Islands. Attached to the 
letter is a document entitled "Radiological Implication 
for Resettlement of Eneu Island." This request relates 
to that letter and its attachment. 

Hereby requested are all documents, records and materials 
related to the following: 
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1. 

2. 

3: 

4. 

On page 1 of the attachment, the following 
statement appears: 

"Based upon previous experience and past 
practices, however, it is doubtful whether 
imported food will be a significant part of 
the daily diet." 

Please provide any and all records, materials 
and documentation for this assertion. 

On the same page the following statement is made: 

"IIt can also be questioned whether or not access 
to Bikini Island can be controlled." 

Please provide any and all records, documents, 
reports andmaterials which form the basis of 
this assertion. 

On page 2 the assertion is made that in August, 
1978, the Bikinians "left their Atoll because 
measurements of radiocesium made in April 1978 
showed accumulations in the bodies of 13 out 
of 101 people such that if this level were maintained 
for one year, it would result in an annual 
radiation dose equal to or greater than the 
500 mrem/yr federal radiation protection criteria 
for exposure of individuals." Please provide 
any and all records, reports, documents or other 
materials which form the basis of the factual 
assertions contained in that statement concerning 
(a) the degree of volition in the departure of 
the people of Bikini from their atoll, and 
(b) the measurements of radiocesium in the Bikinians. 

On page 2 of the attachment appears the following 
statement: 

nIn early 1979, new information was obtained so 
that dose predictions for residence on Eneu 
Island could, for the first time, be based upon 
data from analysis of actual food items of the 
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diet grown on the island rather than on theoretical 
predictions derived from soil concentrations." 

Please provide a copy of all records, reports, 
or studies or other documents or materials which 
form the factual basis for this assertion. 

5. Regarding the text on page 6 of the attachment 
which appears at footnote 10, please provide a 
copy of any study, report or other document which 
forms the basis of the decision to employ the 
federal radiation guidance which is taken from 
the Enewetak Clean-up Environmental Impact Statement 
of April, 1975. There is no need to provide any 
materials which are contained in the Environmental 
Impact Statement. This request is for any additional 
or other materials. 

6. Plese provide a copy of the publication relied 
upon for the calculated dose estimates which is 
cited at footnote 14 of the attachment, "An 
Updated Radiological Dose Assessment of Eneu 
Xsland at Bikini Atoll," Robison, W.L. and 
Phillips, W.A., UCRL-52775, 1979. 

7. Beginning at the foot of page 7, the following 
statement is found: 

"The diets are based on the recent experience and 
observations of the scientific teams who have been 
working on Bikini Atoll." 

No support is provided in the text or in the footnote 
for this statement. Please provide any and all 
records, reports, studies or other documents or 
materials which describe the "recent experience 
and observations" and which provide the names 
of the members of the "scientific teams" referred 
to in the quoted statement. . 

8. With respect to the predicted doses presented on 
page 8 of the attachment, please provide a copy 
of any and all studies, reports or other documents 
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or materials which show the number of fatal cancer 
cases and the number of genetic malformations to 
be expected from a dose of 170 millirem per 
year, and the expected increase in the frequency 
of such cancer cases and genetic malformations, 
to be expected for the predicted dose rates 
presented on page 8 of the attachment. In other 
words, what is the expected frequency of fatal 
cancer cases at an average dose rate for the 
population of 170 millirem per year, compared with, 
for the whole body, a dose rate of 210 millirem 
per year, 240 millirem per year, and 260 millirem 
per year? For another example, what is the 
expected increase in leukemia cases at 170 millirem 
per year compared with 190 millirem per year, 
260 millirem per year, 280 millirem per year, 
and 300 millirem per year? 

What is the expected frequency of genetic anomalies 
at an average whole body dose rate of 5000 millirem 
per 30 years compared with 2700 millirem, 3200 
millirem, 4700 millirem, 5200 millirem and 5700 
millirem? 

9. Please provide any records, documents and materials 
which would explain why the attachment and the 
letter of May 15 did not contain any discussion 
of the biological risks associated with the 
predicted doses. If no such documents exist, 
please so state, and explain why such a discussion 
was not included in the advice provided to the 
Department of Interior. 

Thank you in advance for your prompt attention to this 
request. 

xc: Ruth C. Clusen 
Bruce Wachholz 
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