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August 21, 1979

Rr. Theodore Mitchell
Executive Director
Micronesian Legal Services
Corporation, Suite 300
1424 Sixteenth Street, N.W.
Washington, D. C. 20036

" Dear Mr. Mitchell:

)

DOE FORM

The Department of Energy s pleased to respond to your letter of
August 3, 1979, in which you requested copies of a number of records
pursuant to the Freedom of Information Act. The following responses
are numbered to coincide with your numbered requests.

Item No. 1. The statement is based upon testimony presented by
Messrs. DeBrum, Weissgall, Deal, DeYoung and Mrs. Van Cleve, and others
Hearings before Subcommittees of the Committee on Appropriations,

House of Representatives, on April 12, May 22, and June 19, 1978.
Copies of pertinent portfons of that testimony are enclosed (Tab A).
Additional relevant information 1s available in the Hearings testimony
conducted by the Subcommittee on July 25, 1978. We do not have a copy
of the final transcript of this testimony.

Reports from Brookhaven National Laboratory fndicated that the Cesfum-137

Tevels of Bikini residents increased with time until 1978, and decreased
thereafter (post-relocation). These data were based upon whole body
counting measurements.
This increase in body burden coincided with fncreased availability of
Jocally grown terrestrial foods, particularly coconuts. The Cestum-137
measurements suggest that efther the quantity of {imported food available
to the people or the quantity of available imported food consumed by the
people was below that level needed to moderate the increase in Cesium-137
body burdens as locally grown foods became avaflable.

Item No. 2. The aerfal photographs of Bikini Atoll (which I belfeve
have previously been sent to you) show that the Bfkin{ and Eneu Islands
are separated by approximately five miles of reef. At low tide it is
posslb'le to walk from one island to ¢he-other. Considering the facts

."5
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A summary of this information fs enclosed (Tab B).
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. cocomut trees are on the fsland, we feel that 1t {s valid to raise

i decisfon to employ the Federal radfation guidance.

* .8, COVERNMENT PRINTING OFFICK: $870-203-092

Mr. Theodore Mitchell -2- August 21, 1979

that the fsland of Bikini ¥s the longed-for home of the Bikini people, |
that houses already exist on the island, and that tens of thousands of ‘;

the question of whether or not access to Bikini Island can be controlled
{f the people reside on Eneu Island. (See also previous comments of :
Nr. DeBrum.) There are no other records covering the request in

Item No. 2.

Item No. 3(a). The Department of Energy has no records bearing upon
this subject. Inquiries of this subject presumably should be directed
to the Department of Interfor.

Item No. 3(b). FPlease refer to the Brookhaven National Laboratory
information provided in (1) above. I1f body burden levels of Cesium-137
were to be equal to or greater than 3 uCi, it would be expected that
radfation exposure levels at or above 500 mill{rem per year would result. |

g[his assumption 1s based upon Publication 2 of the International Comissm}u""

on Radiological Protection (Report of Conmittee II on Permissible Dose for
Internal Radfation). In that publicatfon 1t §s stated that'the max{mum
permissible bodv burden of Cer¥1m-137 (assuming that the total body 1s
the organ of critical refererce) for occupational exposure §s 30 wCi
(see Tab C). Sfnce the occupational exposure 1imft {s 5 rem per year,
the body burdan of Casiua-137 .csulting tn an exposure level of 1/10 of

5 rem per year ({.e., 500 millirem per year) is 1/10 of the 30 uCi value,

or 3 uCt.
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Ttem No. 8, Lawrence Livermore Laboratory (LLL) currently is 4n the

process of prenawira tarhinical articles for publication {n the scientific |-

Titerature addressing these 1ssues. Consequently, the articles as such
do not yet exist, and the Department of Energy obviously does not possess
them. However, enclosed (Tab D) 1s a copy of informatfon which the

Lawrence Livermore Laboratory sent to the Department of Energy cons1st1hg'

of the food concentrations of radionuclides which LLL used fn calculating
the dose estimates under discussion.

Item No. 5. The substance of the request addresses the basis of the

The most vrelevant
basis for this is the Federal Radfatfon Counci! guidance as presented
1:dthe Federal 5ggister over the signatures of Presidents Efsenhower

and Kenned -~

The text on page 6 and footnote 10 on the same page address the AEC
recommendations Toi- planning at Enewetak, the bases €or which are in
the Environmental Impact Statement.
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Mr. Theodore Mitchell -3- August 21, 1979

Item No. 6. Lawrence Livermore Laboratory (LLL) fs in the process of
preparing this document. It is not yet available. The dose estimates
were provided by LLL, however, and copies of what the Department received
are enclosed (Tab F). A
Item No. 7. In response to your FOI request fn Item No. 7, the records
you requested are at the Lawrence Livermore Laboratory. They are {n the
process of being assimilated. As soon as they are forwarded here, {1t
will be determined whether they can be released and you will be promptly
notified. We anticipate no problems at this time.

Item No. 8. Risk estimates of somatic or genetic consequences of various
radiatfon exposure levels were not made. Risk estimates for some of the .
radiation exposure values {dentified (1.e., 170 mi11{rem per year and
5000 millirem per 30 years) are given in the summary statement of the
National Academy of Sciences-National Research Council's Report of the
Advisory Committee on the Biological Effects of Ionizing Radfation (Tab 6]

The Atomic Energy Commission Task Group Report published in the Enewetak
Environmental Ikpact Statement, Volume II, Tab B, pages III-11 and 12

provides a somatic risk assessment for a radiation exposure of 250 millirem

per year, the recommended radiation protection criteria for the whole bod)
and for bone marrow.

Item No. 9. No such documents exist.

We trust that this information {s respensive to your request.

Sincerely,

Bruce W. Wachholz, Ph.D.
0ffice of Environment

7 Enclosures

Mrs. Van Cleve, DOI
Mrs. Clusen, ASEV

Mr. Hollister, ADASEV
Mr. Whitnah, OMS
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Mr. Ynm Were the Bikini people under Federa)] radiation

. They were but the radistion dose from intake of food
had begun o rise.

Mr. YaTes. Did any go over the top !

Mr. Drut None of the r"'“-—“}ﬂé have gone over the top 8s far ac the
cesiTm, Jevels. They ‘are very close to the maximum allowabl: dose
from the mazimum of permissible amounts of cesium.

Mr. YaTes, Are the&eople living in the bouses along the road?

t

Mr \&md ting the radioactivity in their bodies
:% Sonve amés --ok g

analle conae fande
PRt rtmeria un:b‘ 450 CaLiLy ne ;)Cau ¥ EIOWI 200US.

In retrospect, this is probcbh the big mistake made in the begin-
ning of the resettlement program in that we made recommendation:
which turned out to be impractical in the sense that to have garden-
gronr¥ but then tell the people not to eat the product .

Mr. Yartes. Was he told to grow his garden and eat that food ! Wa=
he told that he could do that !

Mr Dra1 The original recommendations prohibited eatmn certain
of the Jocal foods.

Mr. Yares. This i is _right. But 1 think I read here the houses were
built on pads of coral and that they were toid not to eat the coconut
crab. You say you brought in outside foods at the initial stages.

Was thic to cnt dowen on the memhh intake of radiation residuals
Did rou bring in outside food from the start ¢
) Eal, Yes. sir.

CTRRENT FIEDING PROGRAM ON BIKIN] ISLANDE

Mr. Yares. 1 guess outside food is still being brought in.

Mr. pEYorNc. It was not until early last vear. Mr. Chairman. that
the tree crops and some of the other vegeuble crops began to becomce
fully productive. So up until 1877 the‘y had been existing primarily
on § ‘MR "‘"Qd‘JC!E that were bm“gh( in from the ontside, Some of these
were surp]u= agricultural commodity foods plus the Joca] marine food
which had been certified to be suitable.

MONTTORING OF BIKIN] ISLAND

Mr. YaTes. When did they get the cesium then !

Mr. peYorxc. As Mr. Deal'indicated, when this high level of cesium
was revealed, s series of ansalyses were carried out.

Mr. Yares. “’hen was it revealed !

Mr neVarws s 1078
MREL s W B T FONE, A AP I V.

Mr. Yares. Then the Department—were you still the AEC in 1976 ¢
_LDLU.. We were ERDA in 1976.

aTes. So you became a little more alarmed than wher vou were

the Atomxc ‘Fnergv Commxss)on In %76 vou first enommtered this kind

f-a 4 Wo ALl o Vi 44l Y3 1l aliha manwnl. §

B LesL. W&x Fou had been IDAKIng 01 Loe psopie !
ﬁ;. Drar Yes sir.
T A

Yites. What kingd of tests. monthly, semiannuslly, every four
hﬂw——_—_———

months, or w
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Mr. Drar T can supply you s statement for the record. I will give
you some information and we will supply s summary.

[The information follows:]

;4 Chronology of Rediclogios! Berveys—Bikini Atoll
Y

osr end type of surcey

Adugust 1964 : Early radiobiologica! say-
vey of Bikini ‘and Enewetak Atolls
conducted by the Dniversity of Wasb.
ington for AEC. Measurements and
sampling were directed toward ex-
ternal radiation, solls, plana, water,
and fsh.

April 1967 : 8urvey to fill {r gaps (o data
in order that dose estimates cap be
made for Bikin! Atoll rexidents. Team
Jed by University of Washington Ex-
ternal radistior messurement by the
AEC BHealth and Safety Laboratory,
HASI..

February mﬂ . Burvey work édone con-
currently with cleanup operstions by
University of Washington scientists
for AEC, spd by ascientists of the
Western Epvironments! Resesrch La-
boratory of the Environmental Protec-
tion Agency, EPA. under a3 memor-
andum of understapding with AEC.

June 1870: Team ied by University of
Washington withk marticipetion by
8taff of the Public Health Service and
AEC. Collection of the Srst air sam-
ples. Also coliected sofls, plants ani-
mals ané made pdditiona! external re-
diation measurements.

May 1972: Followup survey conducted
after coronuts planted oo Bikini and
Tile T-'zzde &5 Jousing coostruc-
tion started on Bikin! Islapd. Team
Jed by University of Wasbington with
participation by scientists from the
Western Environmenta] Research
Laborstory, EPA, and AEC. Team
performed air ssampling. collected
soils. plants animals, and made ex-
ternal radiation measurements

April 1974 : Follownp survey of numer-
ous Atolls {incivding Bikini, eon-
ducted jointly by staff of University
of Washingtor and Brookhaven Na-
tonal Laboratory for the AEC. The
survey team collected mamples of
soils. plants. animals. ground water,
apé made external radiation meas-
vesme st

.8 & y of pumerouns

. » vodocted ciotly by Univer-

sity of Washingtop anéd Brookbaven

Nationa! Laboratory for the AEC.

Sawpies of #0il and food collected

along with exterpal radiation mess-
urements.

Padiags

Photograpbed and identified organisms

on reefs and islapds. No gross apom-
alies sser ip plants and animals due
to radicactivity. S8ee UWFL-88.

Major contributor to tota] exposure on

Bikini and Enev Islands is Ce-187.
Levels vary consideradly from fsland
to ialapd in the Atoll See HASL-190.

Confirm earlier survey results for ex-
terns! rsdiation. Cs-187 and 8r-80
predominate ip terrestrial organiams.
Co-80 and Fe-S5 ip marine organ-
fams See NVO-290-8.

Copfirn earlier survey resulta Levels
of Pu in air are two orders of magni-
tode below FRC guides. See
SWRL~111r.

Radiopuclide levels slowly decress
ing Earlier estimates confirmed by
these data.

8See BNL 50474 and NVO-269-32 .

See NVO-2685-32? and BNL 50706 in
presa.

DOE ARCHIVES
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April 1975 : Preliminary survey of Bi. Bee \VO-265-22' gpd BNL S0796
kini apd Evper Ilslands econdocted )
jointly by University of Washington
and Brookhaven National Laborstors
for ERDA. Screening surves of exter-
mal! radistion levels apd collection of
" 'some poi] and vegetation sampies in
preparation for s major survey later

this vear.

Jupe 1975: A major Sne grid surver of Exposure rater on Bikini Island
Bikini and Epeu lsland exterpal ra- highls variable. Epneu Island dose
@iation levelr was conducted by law- rates lower thar Bikini. eistern
rence Livermore Laboratory for water on both irlands is scceptatile
ERDA witt participation by scien- for drinkivg Some well water ac-
tists from EPA. University of Wasb- ceptable. other wells unseceptable
ington. Brookhsven National Labors- for drinking. See UCRL-351R71.
torr. apé ERDA. Also mamples of 81879 Rev. 1, 51913 Pt 1. §217C.
soil. plapts. snimals. and cistern and 8187¢ Part 2 5187¢ Part 8. BIFTH
ground water were collected. P1.5, NVO-265-82 * and BNL 5074C

April 1976 : A surver of esterna) radia- To be publisbed.
tiop levels on Naw Island. tbe 83
larges: islend at Bikini Atoll. eop-
duocted by Brookbaver National Lab-
oratorr for ERDA.
Beptember 197¢: Copduct of a joint To be published.
surver of 5 Atolls including Bikini
by Unpiversittr of Wasbington and
Brookbsven National Laboratory for
ERDA Survered externs! radiation
Jevels and collected environmental
samples.
April 1877 . Site visits by Brookhaven 8ite {deptified. agreement obtained
Natiopal Laboratory to plap installs-
tion of windmill powered air mm-
oling stations. Bikini Atoll ope of
four sites fur iong-term air sampling.
Work supported by ERDA.
October 1977:. Brookhaven Nstional Data pot yet available.
Laborstorr {pstalied wind-powered
Jong-terzu air sempling station ob
ln)i)k}i:m Island. Work supported by

In 1205 Counting end Urine Biocssoy Sompling—Bikini dtoll
Feor Sempling /Countang *

1870 ': Pooled urine collected. analyzed for Br-90, Cs-137. and Pu-239.

1971 *: Pooled urine collected. analyzed for 8r-80 Cs-187, and Pu-239. 240.

1872 Panled nrine collected. Ca-187 copcentration shows factor of 4 increaxe
over 1870. 8r-80 increase is factor o2 2. )

1973 ': (»-137 in urine higher than 1870 by factor of about 10. 8r-80 increase is
factor of 4.

April 1874 °: First ip vivo counting of Cs-1%7 ir Bikin! residents. Cs-137 urine
values abou! same as 1973, 8r-90 levels down pear 1970 values. Pu-23%. 230
higber than 1871 by factor of about 5.*

April 1975 . Pu-236. 240 bigher than 1971 by factor of 30.*

Fall 1876 : Pu-236. 240 higher than 1971 by factor of 2.° Ce-187 urine values

1 Results frow severs! urvegxgbunw ip ove report. Br-90 and Ce-137 are dominapt in
the terreatris! epvironment. apd FeS3 I8 marine envirobment, add Am-24] and
P- 20¢ 240 are ixporwant iz sofls Radioactivity os Bikin' Atoll has declined significantls

. 'ka‘;pl'iu sec. diferent in@ividoals at @iferent times a3 people come and go at Bikio!
isiand.
® B BNL 3424 Rept 1975,

*Threr resvlts suspect samples may have ber costaminsted. ervor it Befsurement
=305 0/0.
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Oonard to Liverman May 11 3977,

May 1977 . Becond in vivo counting of Bikin' rexidents Collection of large voluines
urine mmples results suspect. The average Cs-137 burder for 22 individuals
fa 1977 is 10 times the average for 8 individuals in 1974 Two individuals bad
body burdens of C»-137 of 85 nCi/kg which s very pear the maXimuun permissi-
le burder of 48 nCi /kg. Memo Conard to Liverman May 11, 1977.

Octoder 1977 : Large volumes urine samples collected under controlled conditions
to avoid cross contamination Results to be available in May 1978.

ML%E.L ‘We made resurveys of the Bikini environment includi.ng
soil and groundwaters in 1969, 1970 and 1972. Annual collection o
urine samples for radiation mfysws began in 1870, and with those peo-

ple who were working for the agricultura! and housing projects.
Mr. YAm‘g&f_égnﬁﬂmi e
es, SIT.

) r' 'ates. Did you have non-Bikinians working for them at that
time

Mr, %L T can’t answer that, sir.

T. b2 1 orNG. It is my understanding that there were other Mar-
shallese in the work force who were not from Bikini.

Mr. Yates. You examined them as well. Were they examined
through that time?

Mr. prYornc. Yes, as long as they were on the island.

Mr. YaTes. Go ahead.

fr. DeaL. We later included collections from the people who had
return living in the houses: monitoring the Bikini residents was
done by whole body counts in 1974 and 1977.

Mr. Yates. What is & whole body count?

Mr. Dear. That is a very sophisticated counting system where you
essentially sit in & chair and where you have & counter that detects
radistion from k2 cesium that has been taken up in the body. It actu-
ally counts the body's burden of cesium.

ér. Yam.%; that t.helsune ;tront.iugx 'bod Y bat th

r. Deal_They travel together in the §. You can see that the
strontium is——

Mr. Yates. These are like the heavenly twins.

Mr. Dear_You can measure the strontium with urine samples, but
we have hot been able to see much of that in the urine samples avail-
able to date. They do the whole body counting sample for cesium.

We had s major resurvey of Bikini and Eneu Islands in 1875.

RESTLTS OF THE 1975 RADIATION SURVEY

Mr. Yates. Until ‘75 you found nothing. What did your tests
gshow ?
gr. DreaL_That is when we began to see the rise in the cesium.
rYates. Will you place in the record a statement representing
the levels you found ?
[The information follows:]

DOE ARCHIVES
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MEAN CESIUM-137 LEVELS OBTAINED BY WHOLE BODY COUNTING - 1974¢

MALES
No. mCi** nCi/kg body wt. +o* No.  aCH nCi/kg body wt.**
Bikint ] .128 1.84 (0.43-5.1) 13 .07 1.1% (0.22-3.26)
Utirik 9 .262 4,05 (2.64-6.84) 1¥ A1 2.13 (0.96-3.8%)
7.76 (4.37-16.3) 24 .J04 $.13 (2.71-13.46)

fongelap 22 .A7%

ONL med. team 4 003 0.0352 (0.0134-.0791)

Raference - BNLS0424, "A Twenty-Year Review of Medical Findings in a Marshallese Population Accidentally

Exposed to Radioactive Fallout,” Conard, September 1975.

**Microcuries
*2+MPC 43 nanncuries ner kilogram -

qLit
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NEAN CESIUM-137 BODY BURDENS IN ADULT MARSHALLESE - 1977+

MALES
No. uCi™ nCi/Kq Body Wt
Rongalap 34 0.29 5.04 .
40, 1) eeee +1.97
(0.T13-0.680) #ewen .
Uttt 27 0.19 1.79
+.048 +0.77
(0.550-0.218)
8fkin 2 1.0 19.1
+0,73 +10.6
(0.530-3.232)
Medical Team 7 00154 L0198
00052 +0.006

+0,
( .00705-.00216) -

*Reference memo Comrd. ML. to Liverman, May 11, 1977
**Microcuries
*#**Nanocuries per kilogram of body weight
sreoStandard deviation
.QQ.OR‘"QQ

FEMALES
No. aCl nCi/xg Body Mt
20 0.182 3.3
+0,055 <.
(0.697-0.270)
21 0.078) 1.2
00.?32 40.58
(0.038t0.131)
20 0.926 14.8
+.47 46.3

(0.534-2.2%4)

9Lt

o~
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MEAN CESIUM-137 BODY BURDENS IN MARSHALLESE CHILDREN - 1977¢
MALES FEMALES
o Ng,  uCtee nCi/Kg Body Wtess Nn,  aCY nCi/Kg Body Wt
Rongelap 5 0.217 7.65 .8 0.26% 5.97
40, 044000 S1.2 +0.092 2.1
(0.768-0.246 )enae (0.T54-0.396) -
Utirik 3 0.0663 2.22 5 0.0843 2.4
40.018 +0.66 . 40,024 s
(9.649-0.091) (p.ﬁ'st-o.loe)
sidind 3 1.04 . 3.3 3 0.861 22.3 -
40.26 47.6 40.29 418.) I~
(0.824-1.331) (0.706-1.196) - d

*Maference memo Conard, BNL, to Liverman, May 11, 1977
**Microcurfes' )
¢+4Manocurtes per kilogram of body weight
sesoctandard deviation
*ee2onange

.
a———
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(' Mr. Yares. n j are ERDA

e,
. *75 we were asked by the Department of Interior for
oIV BT Bl )ding additiona! houses in the interior of Bikini Island.

It was st that time we mounted s rather large survey effort which
included s lot of E:op]e going out and walking around the island with
instruments. We have very large surveys done at that time with 30 or
40 people going out and making measurements of the soil, water sam-
ples. vegetation samples, and messuring the external radioactivity.

Mr. Yates. Were these tests being taken prior to 1875 ss well

.Yes. But not anywhere near the scale we did this time. We
concenitrated on Bikini Island. It is precisely for this reason we want to
Lave an serial survey because we can cover much more territory and
much faster and we can see the same levels

When you have s person walking around. it takes more time.

Mr. Drxcan. T understood vou to say that this rise in the level of
measurements of strontium began in 75 and that your preliminary
analysis indicates that it is coming from the food source and that that
food source began to mature last yesr.

How can we measure the increase in *75 when vou sa¥ that it is com-
ing from the food if the food wasn’t being produced until 77 ¢

&;_{HL. That is s very good question.

r. McCraw has done a lot of those surveys. )

w. When the people first returned. there were few if any
terrestrial food items grown in Bikini Island soil. and availsble for
their use. There are some things that grow wild. There were a fex coco-
nuts and arrowroot. There was a significant planting of coconut trees
during the arigcuFural rehabilitation effort.

Mr. Drxcax. Those were the ones that began maturing in ‘762 Am 1
not correct ! We are in *78, 80 last vear would have been *77. But now he
is saying that the planting began to mature and it was 76, so we are
NATTOWINg the gRp.

Mr.peEYorsc. It started in 76,

Mr. Drxceaxs. It could be coconut or arrowroot that was being con-
sumed prior to 76. You began to notice a rise in the levels of cesium
and that those levels have risen more rapidly since the domesticated
plants matured and were consumed by the inhabitants.

Mo Sl fiow. V. were initially using a predictive capsbility for a
nu?nﬁ‘of items in the diet that are now growing in the atoll. All we
;gg‘]id do st first was sample the soil and try to predict the levels in

Mr. Yates. Where were they coming from? You said & number of
items were not being grown.

#L)_L:G.uw. A number of items of the normal diet were not lo-
cally available when the people first went back. Those things have
subsequently become availsble and we are seeing an incresse in svaila-
bility, ar increase in uptake, and you can’t see at what exact point in
time things occurred.

Mr. Drxcax. Is there o level of sophistication to measure this that
has been increasing! So we might attribute the greater Jevels to a
greater ability to measure what was thereall along?

T VYes ! measure it easily. You can always measure if

~ amples -iland vegetation and went through a very costly

g

h
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laboratory procedure. But now we can do the same thing with instru-
ments that are stationary.

CTRREXT METHODE OF MONITORING

Mr. Doacax. at about the measurement of the Jevel: of cesinm
the v R € tha! Increasing In sophistication so

.b? ?your measures can detect Jevels that were previously undetect-
e
Let me answer that a little different]ly. Several vears ago
1o one would have thought you could take a whole body counter into
the field. Now it is engineered to be taken out intothe field.
Mr. Drxcax. You did early in 1875. But your first whole body count

n in——
r. McCraw. 74,
r. Y aTES. Is that when vou first detected the increase?

Mr. McC That is the first measurement of cesium in people. We
b icted what the Jevels would be.

Mr. Drxcax. Were your measurements in accordance with the pre-
diction ¢

1. McCrax, Yes. All of the surveys that we have done have tended
to suppont the earlier findings. We bave gotten « better bodv of data
and more confidence in the radiation doses we are predicting. and we
sre Jooking 8* the actusl] items of the diet and do not have to rely on
estimates of radioactivity in the foods that the peoplc are eating.

Mr. Drxcax. But your whole body counts in 74 were not alarming.
It wasn’t until vou went back in 75 with your msjor resurvey that you
saw tho rise begin !

c . In 1975 we began to predict higher doses on the basis
of samples we hagd collected. In 1977 when the second whole body count
was done the levels were a factor of ten higher than in 1974.

FEDERAL STANDARDS AND CURRENT BIKIN] LEVELS

Mr. Yates. Above the Federa] standards?

Mr McCraw. If I might explain about the standards. There are two
pumbers. One is for the 1 population. The other is for an individual
where you know the individua!'s expcsure. We have not exceeded that
individua! number. We have seen levels approaching this lower num-
ber for the geners! ulation. We fee! that we can use the higher
number or the standard because we are actually measuring the Jevels
of radiosctivity in individuals in the population. We know the distri:
bution. We know the highs and we know the Jows.

Mr. Yatzs. Who is to sy that the Federa] standards are accurate!
How do you know the Federal standards are acceptable !

Wedon't.

r. Yares. Why do you eatablish standards and say if you come to
*hs «endard everything is fine, and if yougo above this standard it is
_.~% aue. How Co you know the Federa] standards are not carcinogenic!

r. Dear I think in the rediation protection field that we are con-
ce we have sanother philosophy which is the Jowes prac-
ticable solution to a problem and it is believed that the people who
work with radiation will not receive——

DOE ARCHIVES
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Mr. Duxcaw. If we geve s whole body count to Mr Yates right-nos,
:::l'd your sophifficaled measurements show some level of cesium in

M McCriw. Yea
Wm.lﬁomhnnynydhaﬁngdn&hewﬂlmm
cancer

H’ém No.
. Mr Doxcax. That is a1 T have. I have to go to another committee.
I just wanted to worry you. ‘

Mr. Yares. Wait ope half minute for my question.

Getting beck to my comment about the ¥edera] standards my son
was treaied for a tonsil disease in 1944 by then applicable medical
standards. He was given radiation in the trestment of his tonsils.
Everyone thought it was It was s common medical practice.
Thousands of young people were having their tonsils removed or

chwmyvalad ac a macnle A hic tomatemant Lo lila all ¢he adham ~f ¢that
WAl JFRNTWU O B IT0OWIL Vi WML MITBAIUITUL: ATy MEBT Bl LUT VLMTID Vi VAaEL

age g;ot:g, are now threatened with cancer because of baving been
irrad 25 years ago. So now these people—I assume the radiation
he received may have been comparable to the ingestion of cesium or

The thought occurs to me, and I talked to the cancer specialists at
NCI in connection with some of the herbicides and additions to food,
and they say amounts really don’t mean very much at any particular
time. The question is what will be the effect 25 years from now as s
different kind of stimulant or carcinogenic material is brought to bear
on the body.

So getting back to the question of Federa! standards, five years

from now vou micht decide in the new Denartment of Enerov that

AMLWir maW TS yu asidguise WMV ST dai vash M arw iemiivies Wa aeeila L2 21-44

the levels you established are much too high and that you should estab-
lish lower standards becasuse you have, as Mr. Duncan pointed out,
more sophisticated eguipment.
~. It is not a problem of being able to measure the dose

evel. It is knowing the effect. .

Mr. Yates. You might go now.

Mr. Drxcan. It is 8 question of exercising our best judgment. 1
would suggest that five years from now you might even be able to

sustain even Jower levels.

M McCrax W tre Jooking at 30 year standards, to keep the dose
down for & long period of time. We are trying to keep the dose in s
vear below the annual standards, and all the 30 year doses below the
80 year standard.

SAFETY OF BIKINIANE UNDIR PRESENT CONDITIONS

Mr. Yates. That brings us to the question at hand. YWhat are vou

&oing to do? You have the Jevel of cesium and stroptipm jn the Biki-

nigns rising gverdhe years. They are stil] on their 1siand. R

Have vou told them to gef off? For your own good, you ought to
move? -

AMr Drar Mr. Chairman, I don't know that anyone thinks that this
isa life threatening situation at this time.

Mr. Yares Reallye o

L 1t 1s the kind of thing that if you let it continue over &

long period of time then it would begin to be of hazard to their health.

DOE ARCHIVES
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where he says—the article is titled, “I.S. E on the Nafery of
Return to BxLLm Island.™

Nine years ago the T.8 Government told tbe Bikini Jalanders it was safe to
returt to their atoll, once the site of nuciear weaponps tests in the Pacific Bome of
the islanders went bome. But now the governmen! bas found that it war wrong.
According to tests last year the groundwater f{n Bikini is still too radioactive
for hnmn consumpuon 80 are the eoconuts nnd fruits and vege:ahle< grown

& PPN =t ..ot

io the still contamioated soil 8o the lmierior uvplrunem bas very Giﬂﬁ}?
asked Congress for $15 million to move the igslapders to another Jocation.

Wby are you asking for more money if it is safe? Is it safe? Safc
is a relative term, xsn’t 18

Mr_Desl Yes, it is. If it was practicable for the people to only eat
outside 10ood and maybe have to drink outside water, then we think
that goes within the Federal standards, and that is the only guideline
we have to go with.

Since that is not a practical solution and we do see a rise in the
cesium in the whole body counting. we believe that they should not
be aliowed to eat the food on the isiand, and it is problbh not s prac-
tical situation. Any additional resettlement should be on Encu Island

where thev can have their schoolse and other facilities. That ic the

ssma s T weilai O Waiiti awmLiasis

direction they should move and not try to do that on Bikini Island.
Mr. YaTes. Should they stay there is the question. Who is exercising

the judgment on whether they should stay there? Haven't the lev els

been increasing?! Our fnend has said they are tlmoslt‘ up to the top

a( ehe Tadomel atamdande € ¢hav otav thawmn

¢
1 Wit r eders: S\andaaras. AA Wity Sdy waeTe, wGu uiey ver tne

[

-
sl LA S ¥

top !
i( DreaL. The whole question is, if they were to not eat the locally
s on Bikini Island, would the radiation dose from cesium
go down?
I. YaTEs. W n‘i wil
th

&r Dear. That is

CURRENT FEEDING PROGRAM ON KIKINI]

s A Lo o L. | P, RPN
ou Go s DI Il DUA Junune:

e pracuca.l part of t.he solution.

.
H

f ) -ls '3 £Lebo dlan: e
might k to this part of the discussion, because

it bnn,g= in the presem tune penocL "hat is being discussed illu«-
trates, a< you have pointed out, one of the difficulties of administration.
Decisions must be based on available information. Our decisions have
to be based on the information which you have been given, I‘h)ch 1
NSO nl\ ¢ Deen ven, D\ npresenu.uves OI we uepu'l.mem OI bfléf‘f\’
that Jocal conditions would be safe if ample outside food supplies were
provided for the people on the island. In addition, we provided equip-

ment for fishing in the | lagoon. The outside food is gent in on & rag-u.]ar
basis. These food supplies, while not attractive in all respects from the

point of view of the normal diet, because some \S bDA preserved tood
are included, provide a food sundsrd which is in terms of nutrition

far sbove the average as far as diet in the Trust Territory is concerned.

Mr. Yates. What does that mun! You deliver K rations to them?
What kind of food are you talking abou

Mr. WixxrL Dried foods, fresh fnms and vegeubles from Ponape,
as varied s diet as far as protein, starch, carbohydrates is concerned. It

e manmamed ho mesd ol amiot o

AR PICEBITN V) UULILIVLLDAD.
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Mr. Dru_Ldognpbvow why they don’t count tho claddaeis It may
ac®ETEs 0N of sitting stul.

Mr. YaTes. Why ischat ¢

‘Mr. ot Youxe. I am informed by the medical authorities at Krook-
naven. that the children under 5 are too small to be subjecied 1o the
whole body counts.

Mr. Yates, Why !

Mr. pE Youna. I don’t know whether it is the size of the ehilid or
whether the measurvinent itself might have some etiect on the child.
bt the whole body count is not given to children under 5 vears.

Mr. Yates. Is there an application of some kind of radiation in the

test itself ? . .
Mr. Drau. No.sir, . . . ¢
Mr. Yates. Then why don’t they give it tothe children’ .

Mr.ve Youxa. Dr. Wevzen from D.OLE. is here.

Mr. Dear. Thisis Dr. Wevzen from our medical group.

e Weszex There are tavo juabloms. One involves Ivine sull Loy
ahaut 20 minutes, ] thind that o~ a probder wers ool Y s
st provdew s g eabitnation oF toe m=tmaoest 11 o0 o o o
Insted Tor sl peysons. Y or ol S et con- degigner
=X Yates, For ol we know. te ehildren may have been con

taminated 100’ —_
XITTTIEAL. Yes, sir. 1f they have been drinking the eoconut milk.

CAUSES OF RADIATION EFFECTE ON BIRINI ISLAND

Mr. Duxcan. What accounts for the rather extreme variations. from
0270 which is within vour limirs to 1.150°2 :

Mr. Dean. T am at a loss to answer that. Mr. Dunecan. uniess the
possibility that some of them didn’t eat as many coconuts or drink a-
unich coconut milk. There could be some variations of some kind in
their metabolism. T really don't knaw.

Mr Yares Roes anviuly knnf- '
Mr. McCraw. Yeo. T Tnow, Ractcally twa things account for the

varnior, Oue 18 VT oW fnicel oF T Vo lions [onsiiIy oroe T i is
various dividusle ave eatir, The ol 15 VT e o7 I peot

LaYTD0en LIVINg on THe a1 Hon Tyt —— Thel .-
T ol Ll 1) Jriieer TO Ve o0 Tl dsiciigel, §oooh e tube
CPONTT 0t s O "4:'5'140 0t sevra] v
Mr Y aTes. Statine wlon

Mr. MeCraw, About 1972 T bolipve, the earliest ones canie in alont
l"i.' s0 soie people have been there G veire, sonie oy Vsl s, soipe bave
A Theope 1 year or tess, 1lic badyv burdens of cosiane Dol e Ji- @
Hietion of tune. so the dndividugls g 11 e poptiation that have heen
ere the Jongresi and b v been eating the hirgest gnanties. Tisieanoy of
‘t'j"m‘.‘mf'mt‘ve the highest Lurdens aig arrerere-the o1 radia-
1A 4T L Mprrr
7. Yates. 1 have the impression that you told the committee that
1977 vou suggested to the people on the island they ought not to eat
the food there. but that vou would provide the food from outside
ources. If that is true, why did the count nevertheless go up in 19787

-

Mr. DeaL. We understand_that t) :
wasn't there g you what survey feam meibers repeated
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to us. They said that the ponple hovebeetettinscomessaciiitiodhs\
had a drought. and @ shortage of fresl = . -

g e covorutinik than thev muarht ordinaply.

-

OUTSIDE FEEDING PROGRAXN FOR BIKINI RESIDENTE

Mr. Yares. Did they eat the coconuts and did they drink the mili
because vou weren't providing them with adequate food and water:
Mr. Drse. I will have to defer to our friend- in Interior guaaslat

wgsprovided. =
atE:. Will somebody answer that? Who are his friends jn

- friends.

. Deal. ] wasafraid of that.

Mr. Yares. Somebody ought toanswer that question.

Were vou on duty then. Mr. Winke!? When did you take office?

Mr. WixgkrL. I took office in June of 1977, .

Mr. Yarrs. Who did you have in charge of this operation ?

Mr. WinkeL. I was in charge of the operation. and under me the
Distriet Administrator was in charge of the operation. The fecding
procram was initiated in Octobwer and November of 1077, and ample
food supplies to provide a halanced diet were delivered, have been
delivered. Nutritionists accompanving these supplies and staving with
the people for a period of time to help them and ass<ist them in the
utilization of the food and so forth. We Lhave no reason ta believe the
food was not consumed, inasmuch as there is no evidence of uncon-
smned quantities in any size at all.

My, Yartes. What kind of food did you deliver to them? Iid you
also deliver water tothem?

Mr.WixkeL. U.S. Department of Agriculture foods. and fresh foods
from Ponape. and water was delivered. I do not know myself in what
quantities.

Perhap~ the District Administrator could respand to that. because
he hae accomnanied one of the shipments in the first instance.

Mr. Yares. Let's hear from him.,
11t veare trving to ind aut i« whe they went hack to the coconuts
and the nndk 37 (U RuTe warned aoanst eating the coconuts an
11 W

X7 0. peBruy. 1 am the Deputy Administrator of the Marshall
Islands. )

Coconut is something that the people can see. They will drink the
milk. They do that even when we visit the island periodically. They
offer us coconuts 1n drink. so as long as they have coconuts in their
surroundings. I do believe that they will drink it.

Mr. Yates. Even in the face of warningsnot todrink it ?

Mr. O.neBruy. Yes, sir.

Mr. YaTes. Then thev continue to eat the coconut and drink the milk
and ent the food that the government gives them.

Mr. O. pEBrrar. The last time T was there thev were stil] eating the
coconuts. They have been told not to eat them. To stop them from eat-
ing that. sir, we have to remove the people from the islands or cut down
the total number of trees.

Mr. Yates. That is the only way you can doit.

DOE ARCHIVES
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DESIRE OF BIEINIANS TO REMAIN ON BIKINI A'POLL

Mr. Yates. Your letter indicates that the Bikinians want to stay
on the atoll. Is that impossible!

Mrs. Vax Cieve. In our judgment, it would be improper for them
to remain because of the medical risks involved. and the Department
of Energy agrees with that conclusion.

.-\ccordmv]\ We mean to persist in our plans to relocate them. this
in the interests of their physical safety. We recognize. of course. their
preference 1o remain. That is why we have had this problem for sonie
30 vears and if will continue for some decades hence. We are simply
trving to meet it in the most reasonable way we know. recognizing the
physical threats that exist if they remain on Bikini Island.

CATSES OF RADIOACTIVITY ON BIEIN] ATOLL

————

Mr. Yares. Let's look at it a minute before we go to the High Com-
nn;:xoner 3 stat]ement )

hg Icazon thev 2 oncligty

Qf tie COnOllls ;mJ watee It was mo fnu_L um meL rnhm than the
extell, 1 wask .

Mrs. Vax (u:\x_ I belheve 2t ic & combm'mon of both

Mr. YaTtes. That wasn’t Mr. Deal’s testimony the Jast time. A« ]
remember his testimom the last time. it wa< internal causes rather
than external causes: is that right. Mr. Deal?

Mr. D'ear. 1 think mavhe both are rieht. The esternal radiation has
10 D¢ cOnsiuviea. The mternal 38 =0 luch that it evershadnws the

te e

Mr. Yates. How potent is the external: “and suppose vou did not
ha\e the internal radiation? W ould it be feasilile for thcm to remain’?

Mr. Dear. The exte ] < ahont 1

Mr. Yates. It would be as dangcmu- as Denver., (o]o.‘ is to those
v Loz D verd

Mr. Dear. Yes, sir.

Mr. Yates. They are not evacuating the city of Denver. are they?

Mr. Deav. I hope not

Mr. Yares. So. therefore. the amount of external radiation in the
city of Denver is not considered suflicient for that citv to be evacuate ..
1 assume. therefore. that if that is the same condition on Bikini. the

basic cause for your suggestion or your recommendation u..u_mug_
ian~ Le evacuated is the ingestion of the food and the water; corpegt?

T 1AL §es 1L,

Mr. Yates. Nox if the Bikinians wanted to stay there. stay on their
atoll. if thev did not consume the water and the food that was therc.
1 would deduce from what vou say that it would be as dangerous for
them to lne on Kili or Jaluit or any one of the other islands as it

;B .right!
Ao DEAL - 2ssit. the other islands are quite—
Y. 1t ovts ye to the basic question then: Can you oo
1oL OLLer sanrees That wonld perinit them
1t they would not he takine in the radinte ool

them an

t *
andIETs
Mr. DratL. If vou ask my opinion. Mr. Chairman. UAAL.E?)QL"]_',\:

concluded that ‘it is probably impractical to have people living 3n

’—'

DOE ARCHIVES

-



e e OB

925

sn area where they are able to fanu it and to take the water from the
area. I think that is a practical situation.

CONTAMINATION OF POOD SOURCES

Mr. Yates. Suppose vou were to plant other coconut trees. How
long does it take coconut trees to come ¢

Let’s ask the next question. We talk as thougl coconuts were the
only food there. Isn't there other fox1?

Mrs. Vax Creve. There is. indeed.

Mr. Yates. What other foods do they eat ?

Mrs. Vax Cueve. Breadfruit. papayg.sweet potatoes.

Mr. YaTEs. Arc all of these contaminated

Mrs. Vax CLeve. All of these have turned out to e contaminated
when grown in Bikini.

Mr. Yares. That is because of the soil being contaminated?

Mrs. Vax Creve. That is correct.

Mr. Yates. And the contamination in the eail is tran<ferred ta the
food._apd_thore s Do iR Thoy CaNT RTORT IO CNYTOn 0 0T A s ot
tffinated i this o ‘ ' -

. D hat is -orreet.

Mr. Yates. FHow much Of a chore is it to bring food in from the
outsidc ? Suppose it wire a barren atoll: they didn’t have the opjnn-
tunity to grow things.

Mrs. Vax Crevr. I think it is entirely feasible to bring food in
from the outside. What we believe, however. aleo 19 Lo tyyg, ds 11ag it
is nor Leasille o exp et T ihe Tlanc s Lo ljve on g g-be 5 o !
not eat the thinge that arirrowing there and nor Qo 1y v i
1 o Wa conld fecd thenr enTcIV Jrom Onteiie soglees, il W
¢ould not LAY Thei 6Aectively 1101 GAt e 10ral prodi e,

CONTAMINATION OF GROUND WATER

M. Yartes. How do they get their water now? What is the water
that is contaminated ? Is it from wells?

Mrs. Vax Creve. It is a groundwater supply a< T under-tand it. ves.

Mr. Dear. My understanding is that there are samne cisterns ton,
some runofl water from rain. but 1 think it is the well< 100, They have
to use the wells under certain conditions. There isn’t enough cistern
water.

Mi. Yarrs. There is not enough cistern water. The cistern water is
not contaminated. is it

Mr Ty Not to anv extent to cause them this kind of problem, sir.

. - And il aell sater js contamjunted?

Mi. besn. Yes. sir it is

My, YaresTs there any way of decontaminating the well water?
Can vou boil the contaminantsout ?

Mr. DeaL. No. sir. It would take a verv sophisticater
resins used in chemical PTOCCSRITY wove the radioncuvity,
MU0 1 ATEA, W [y NpelsIve 3s 1t e

Mr. Drat. I really don’t know. We have never looked at that prob-
len, that 7 know of. except back during the fallout days there was n
questic : about decontaminating milk, and there was some Jooking at
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LOCAL FOODS BANNED IN 197¢
L VN L S W e mAe i A TO®S T s Lo ) 4. 4l e dawenaa
mr 1 ATES, W€ &Te NIOW P WO IvViU. 1L S U DECK LU LT auicid a-

“Mr. YaTes. “ ere vou still the AEC in 1976
“Mr. DearL. We were ERDA ip 1976.
“Mr. Yares. So vou became a little more alarmed than when you
were the Atomic Energy Commission. In 1976 you first encountered
this kind of a test. Is this an annual test that you had been making

afthe nmaanla 9"
Vi T puvpic s

Of course. in retrospect now my question is not correct, because you
knew about it in 1974, You knew about the water certainly in 1674,
In 1976 the coconuts were first becoming ripe. Mr. deBrum. together
with t}m Blkmuns was eating the coconuts. But you were not drink-
ln% tne water f

{r. DEBrTy. Not the well water.

Mr. Yares. Were vou eating the pandanusin 19761

Mr. DEBrry. Some people ate them.

Mr. Yartzs. They ate the pandanus. What else was growing there?

Mr. DeRrUTM. Pap'\\ e was growing on the island.

Mr. Yares, Pags\a Anything else?

Al NeDunvene nleine
T AEDORTII. & UITPAITS.

Mr. Yates. Pumpkins?
Mr. DeBroyt. Yes.
Mr. Yatrs. And people were eating all of these things, all the vege:

tables?
Tas Y s .
Mr U!:hkt'\f We hed indijcation rnm,sgmm_m___n______.'

atethem. sir,
My, Yarrs They ate them?

Mr. DEBrry.
Mr. YaTes. And wepe voutald yoy were not to eat them !

Mr. DeBruw. Ii eV were told that i wasguestionablessir. and not
to eat them.
e manmr——.

INITIATION OF TiXl FEEDING

Mr. Yares. And all during the period starting in
a ship eame to Bikini with food t
\Ir D:Bnr\: Yes
Mr. Yates. And water?
Mr. DeBrrat. No, no water.
Mr. Yates. Just food ?
Mr. DEBroot. Yes.
Mr. YaTes. So they were drinking the cistern water?!
Mr. DEBrrat. Yes.
Mr. Yates. And you were supphmg them with food. Were vou

L‘\h"\‘\ jrne o \Pl"\ I 301030104 ‘

Mr. Delirva. .wb_mgdt_o%lnnh them with enough.
‘There were times XTEuwe conld not get 1) T,
AT T AT S0 B%\.JWMM oo
Mr. DeBrrx. ometimes 1hox serc epting coconuis, yes They indi-
C‘Y(‘O !nm
“XIT. YATES. TM!
Mr. DeRarym. Yes
Mr. Y atEs. Why could you not get there in time!

1972, every month

E
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Mr. DxBroa. We wanted to get there in time. At times we had
serious transportation problems and were down to one ship for trips
to the outer islands. Soretimes, the odds were agsinst us, but we tried
to do the best we could:

Mr. YaTtEs. What do you mean, the odds were against you!

Mr. DeBrrat. We were down to one ship for all the outer islands
at times,

Mr. Yatrs. And one ship would not service the island or the people?

Mr. DeBruat. It takes three field trip ships to service. to make a
complete circuit of the Marshall Island group. once a month.

Mr. Yates. How many ships do vou need for the food for the
people who were on Bikini? Was one ship adequste for & month's
sug;))y of food?

r. DEBrrat. If we have one ship committed only to Bikini. ves,
one ship will do it. The ship that is committed to service Bikini also
services other islands in the Marshall Islands.

Mr. Yates. You mean provide food for the other islands?

Mr. DeBrey. It provides services, it brings in copra and takes in
trade goods so the people can buy it.

FREQUENCY OF SERVICF TO BIEIN] ISLAND

Mr. Yates. Maybe we had better find out about where v ~ work
throughout the islands.

How long would vour lops=+s be? Presumably your schedule was one
ship & month with food for Bikini.

Mr. DEBrry. Yes.

Mr. Yates. And how often were there lapsesin this? :

Mr. DeBrry. Not very much. There were times. as I recall. when
we could not provide a ship until it was a month and a half late, sir.

Mr. Yares. A month and a half late; you mean two weeks afier the
schedule.

Mr. DEBrr). Two weeks after.

TIYPE OF FOODS PROVIDED

Mr. YaTtes. After the schedule date. And what kind of food? You
said you provided staples? What do you mean by staples?

Mr. DEBruy. Staples in Marshallese terms 1s rice, flour, canned
meats, milk.

Mr. YaTes. No coconuts?

Mr. DeBrry. No coconuté.

Mr. Yates. I mean fromn the other islands.

].\Irc.1 DeBrux. We never shipped any coconuts from the other
islands.

Mr. Yates. Why would you not? If coconuts were such a delicacy
for the Bikinians. why would you not provide coconuts for them, too?

Mr. DeBruat. 1t was not a part of our feeding progran. sir.

Mr. Yares, If vou were a Bikinian vou \voulg 1ave liked coconuts.
would vou not. {rom othcer sy o

M1, De . I would be clinibing a tree and gettin
Mr. Yates. You would not WorTY Tadizvion.

it myself.
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Mr. McKay. How do you get coconuts in the program! What kind
of a bureaueratic round-about do you have to go through to get them

on theB ogram !
Mr. . £ﬁnt'.\(. I fu& we just include it, make sure we have enough
money to go around.

Mr. McKar. Would you have authority toapprove it !

Mr. DeBrra. No, sir. It would have to be approved by the High
Commissioner.

Mr. McKay. Could he approve it alone or would he have to get
apgrova] up here?

Mr. DeBroy. I think he has suthority to approve it. the High
Commissioner.

Mrs. Vax Cueve. Yes.

Mr. Yates. Mr. DeBrum. vou said il coconuts were nat supplied o
vouaca pirimian. You would be oy s s oo Lo thop/

*XIT. DEDLUM, Y s 1 they were availaide oo the jeland, yes.

Mr. Yates. And e are avnlible or the jsland. are they not?

Mr. DEBrrys. ) es

Mr. Yarrs. So i you do pot eiue thew the cocaputs thev are going
to climb the tree: 1o ot the eocanyto ovpn 3§ they arc contaminated ¢

ST DeBruat. Thevy have beondolugtliat sir

—_—

NATTRE AND THE TYPE OF ANALTSIS BY DOE

Mr. Yarrs. Let’s go back to the interrogation.

“So vou became a little more alarmed than when you were the
Atomic Energy Commission. In 76 vou first enconntered this kind of
« test. Is this an annual test that you had been making of the people !

“Mr. DeaL. Yes, sir. "

“Mr. Yates. What kind of tests. mo..thly. semiannually. every four
months. or what ? _

“\M- DraL. I can supply you o statement for the record. I will give
yoo son,  information.”

Then dere is placed in the record on pages 1172 and 1173
a pretty road statement of tests that were made and a very bad esti- .
mate of the csults of the tests. \We find in 1964 the findings. “photo-
graphed and 1lentified organisms on reefs and i~land:. No gross anom-
alies seen i1 plants and animals due to radioactivity,”

1876 showe “exposure levels to the Bikinians varies considerally
from island to island on the atoll.”

Februarv 1967, “confirmed earlier survey results for external
radiation.”

That does not tell us anything. “Cs-137 and strontium 90 predomi-
nate in terrestrial organisms, Co-60 and Fe-35 in marine organisms.”

YWhat does that mean. Dr. Deal?

\{r. Drar. It means that in the fish that they were catching they
fourd coLalt-60 and Fe-55.

Mr. Yatrs. Inlarge amounte!

Mr. Drar. I do not know, sir.

Mr. YaTes. This result does not show that then?

Mr. Drar. No. We did not tryv to give vou a complete copy of the
reports. We just tried to give you the highliglits of the surveys at the
tirpe, and probably, as vou say, did a pretty poor job on that.

0% ARCHIVES
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Mr. Yares. Yes. .

Mr. McGraw. And the valuej

Mr. Yates. Qkatl

Mr. McGraw.

uite a bit higher than Rongelap, but still a factor of like a th
the standard that we would evaluate with. This is of course 1877
numbers.

As I recall the 197 : jkini was like .1. On the
previous page the value for Bikini was.12s. so0 and 1977
the values went up by a factor of 10.

DATES OF WARNINGE TO PEOPLE OF BIKIN]

Mr. Yares. If all this is true. sir. why four vears ago in 1974 were
you advising Mr. DeBrum to tell the Bikinians not to drink the well
water and why were you then—you were bringing food in four vears
ago because theye ic TN

*Ir. DEBRUM. That is right. sir.

Mr. Yarzs. CO#MW ?
Mr. DEBrey. That 1s correct. sir.

Mr. YaTtes. Thémm e Y660 canie in two years ago. right? W en _id

the coconut trees start maturing?

Mr. DeBroy. Abgut two vears goa
Mr. YaTtes. Were you alleving them to eat the food that was grow-

ing on Bikini two vears ago. Mr. McGraw?

Mr. McGraw. Were we allowing thenm two veers ago?

Mr. Yares. Yes. .

Mr. McGraw. When was the recommendation made? Did vou say
four years ago!? .

. DrRrua. Yes. a Y

V. Y ATES. ave coconuts growing on Bikini two vears agn.
You have pandanus and papavas and breadfruit growing two venrs
ago. Four years ago you told them not to drink the water. there was no
food. Two vears amo had vou told them not to eat the food. Were you
told not to eat the food two yearsago!?

Mr. DeBroy. That was the time. four vears ago. Mr. Chairman.
that people were told that they were examining their food and they
had suspected——

Mr. Yates. And they were told not toeat ic?

Mr. DrBreat. They were di ced from eating.

A <_Were thev told not to eat the
negcv}LTJw\' were to i i S W uring thes

e R e Y

r. Yates. Were thev told not to eat the food all during thic
Sir. DeBrox. Until further analysis convinced them otherwise.
Mr. Yares. The analysis never convinced them ¢
Mr. DeBruar. Never convinced them,

Mr. Yames. So they w oo thi 3 t to eat the
i

Mr. DEBruar. Yes.
a—

“or Bikini 22 people in the sample. The value
ird of -

4
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ADEQUACY OF FOOD SUPPLIED BY TTPI ADMINISTRATION

Mr. Yates. And in the meantime you were bringing them food?
Mr. DEBrux. Yes. sir. ' '

Mr. Yates. Everv month except where you lapsed?!

Mr. DeBreas. Yes, sir.

Mr. Yates. And there was adequate food for all of them?!

Mr. DEBrraM. Yes. -

Mr. YaTtes. You are sure of that?

Mr. DeBru. To the best of my knowledge sir.

Mr. Yates. Isthat true, Mr. Weisgall?

Mr Wiaszcag That is not quite the understanding of the Bikinians.
A M Levitiens has explajne e _the people ljvipe ikin
woutd eat the food grown:e on ti:e icland cven thoug

they had been
QAVIZed That 3 was gueshoange, whel [here susbly mos ol enowy:

de_l e boats were not coming on as regular basis as was hoped

for. and according to Mr. Leviticus. when a family would run out of

food it would eat food growing on Bikini. be it coconuts. pandanus,
or bresdfruit.

REQUEST FOR MORE MONITORING OF BIKINI

Mr. Yatrs. Let’s go back to Mr. Juda's statement.

Mr. Note. The second request we convey to you today. Mr. Chair-
man. is that your subcomnmittee closely monitor the upcoming radio-
logical aind Juudstufl tests to be conducted at Bikini Atoll. The people
living on Bikini Island desperatelyv wish to remain on Bikini Atoll.
and they are hopeful that tests on Eneu Island will show it to be safe.
They understand-that the recent test results are preliminary. and they
hope that resettiemnent on Eneu will prove to be possible.

Mr. Chairman. we cannot describe .he sorrow felt by our people as
thas leqrme? with bitter disappointment, that they must once again
Jeav- “.:ikini. Despite the contradictory statements of the U.S. Gov-
e amu * over the last ten years. the people of Bikini have begun to
underst: vd the situation they face. They have told us that if the up-
coming t«.ts show that our people will not be able to live on Bikini or
Eneu for 1, ¢ next 40 cr 50 years. the people living in Bikini are pre-
pared to relocate to Kili and Jaluit.

TPGRADING CONDITIONS ON KILI ISLAND

A move to Kili. however. and the establishment of Kili as a permn-
nent home for the next two generations of Bikinians cannot come with-
out help from the U.S. Governinent to develop Kili as a functional.
livable community.

T-- alin- - 21 vears we have lived on Kili. thinking each vear that

~1me .o Bikini the next yvear. As we face the ibility of 50
more vears on Kili, it is clear that we must think and plan in longer
terms.

As you know, Kili is an island with no reef and no lagoon, and access
to the island is very difficult for most of the year. Faced with these
conditions, our people have not processed copra in large quantities be-
cause boats visit this island rarely. Months frequently go by without
a visit from passing ships, and our only communication with the rest

* <ae world 1s by radie.

DOE ARCHIVES;






T BROOKHAVEN NATIONAL LABORATORY

e ASSOCIATED UNWVERSITIES, INC.

-
‘

Ug'om tvew YOre 115

«

afety, & Lowvuorimie na Fataethor Do o (571, 342 4207

June 22, 1%79

Dr. William L. Roktison

1~4%2

Lawrence Livermore Laboretory
- P. O. Box BOE

Livermore, Californie 455!

Dear Bill:

The enclosed tables fresert dosimetric and body burdern irnformaticn
or, former Bikiri recsidents. Net external exposure rates (background sub-
tracted) were ottained from “Exterrial Exposure Measurements at Bikini
BAtoll"™, N. A. Greenhouse €% &l., BNl Resport (in press). Dosimetric models
were ouvtlined in several infcrmzl reports anc are available upon request.
Input data were obtained from "Whole Body Cournting Results from 1874 to
1979 for Bikini Island Residents", R. §. Miltenberger et al., BKL Report
(in press) and from unputlisi,ed bicassay results. New information on the
long term removal of 1 7Cs is being derived from replicate counts of
former Bikinians done in January and May 1979. This preliminary informa-
tion is also inciuded, but we woulid like to corroborate these results with
urine bioassay data w..ci: wiil rz. Le availatle for several more weeks.

If you have any guestions or need additional information, please
cortact me at FTS 66€6-4207 or Bor Miltenberger at FTS 666-2503.

Sincerely,

W

N. A. Greenhouse
NAG/1m
Enclosures
cc: E. Lessard DOE ARCHIVES
R. Miltenberger
J. Naidu :
T. McCraw (OES)~"
B. Wacholz (EV)



Individual Dosimetry Data for Bikiriarns - Exrlanaticn

of Colurm. Headings

Iten or Derived Quantity

Hams

1D Number

kesidence Intervel

90 a
Sr and OY Bonc Marrow Dose
Equivalent During and Post

Residence Interval

237, 13

s + Ea Dose Equivalent

During anc Post Recsidence
Interval

Net External Dose Ecguivalent
During Residence Interval

Total Bocy Dose Eguivalent
Total Bone Marrow Dose

Eguivalent During and Post
kesigdernce Intervel

Measured Quantit:

Urine Ahctivity
Concentration

Body Burden
Measurements

External Exposure
kate Mecasurements

Comments
Personzl Inteiview

BNL Medical Dept.
& SLEP Div. Records

Pereornal Interviews

Three Compartment
Model , Constant
Continuous Uptake

Two Compartment
Model, Mcnotornically
Increasing Ugtake

Assumed Living
Patterns

sur ¢f Columns
S and 6

Sum of Columns
4, 5 anc 6

DOE ARCHIVES



INDIVIDUAL DOSIMETRY DATA FOR BIKINIANS

DOE ARCHIVES

90, 90
Sr b Y 137 137

Bone Marrow Cs + Ba  Net External Total Body Total Bone Marrow

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

Ruesidence During & Post During & Post During Residence During & Post and Post Residence

1D Interval Residence lnt. KResidence Int. Interval Residence Int. Interval

Nuiber Yeuars mKem mKem mRem mkem mRkem
6001 7.3 L30* 480 950 1400 1600
6127 7.3 39 580 950 1500 1600
6130 .72 49 200 94 300 300
6076 3.3 9.9 900 4130 1300 1300
813 4.1 77 % 000 ELY 1200 1200
601Y 5.3 190 420 ouU 1100 1ot
0lll1 .80 7.7 150 100 " 250 260
6097 4.1 51% 430 520 950 1000
6113 7.3 97 760 880 1600 1700

6109 4.3 51% 240 520 760 810

e
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INDIVIDUAL DOSIMETRY DATA FOR BIKIN1ANS (cont'd)

POE ARCHIVES

90 90
Sv & Y 137, , 137
Bone Marrow Cs + "Ba  Net External Total Body Total Bone Marrow
Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. During
Kesidence During & Post  During & Post During Residence During & Post and Post Residence
1D laterval Residence lnt. Residence lnc. Interval Kesidence lnt. Interval
Number Years mRem nmKkem mRem mkem mKkem
604l 6.3 74% 550 760 1300 1400
6132 2.3 62 1200 300 1500 1600
6046 2.0 27 400 240 600 700
6061 6.3 65 630 760 1400 1500
6006 3.3 59% 400 40 830 894
6070 10.3 185% 870 1300 2200 Wi
6118 6.3 42 420 82¢ 1200 1300
6117 6.3 110% 610 820 1400 1500
6128 1.3 130% 810 950 1800 1900
6122 10.3 86 380 1200 1600 1700



INDIVIDUAL DOSIMETRY DATA FOR BLIKINIANS (cont'd)

g
=
o)
3)
90, . 90 2
2
@]
a

st b X 137, 137m
Bone Marrow Cs + Ba Net External Total Body Total Bone Marrow
Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. Lose Equiv. During
Residence During & Post During & Post During Residence During & Post and Post Residence
1D luterval  Kesidence lut. HResidenze lnt. Interval Kesidence lnt. Interval
Number Years mKem mKem mRem mRem mRen:
6015 1.7 31» 650 220 870 900
6030 3.3 39% 1200 400 1600 1600
6129 4.3 51%* 330 520 850 900
6027 3.3 39% 760 400 1200 1200
6010 7.3 Bo* 1100 900 2000 2100
6105 3.3 KDL 1100 40 1500 150
6033 8.3 150% 900 1104 2000 2100
6007 .88 15 190 110 300 310
6008 4.3 77% 850 5640 1400 1500

—e

6071 1.0 18* 220 130 350 370



INDIVIDUAL DOSIMETRY DATA FOK BIKINIANS (cont'd)

DOE ARCHIVES

90 . 90
Se b Y 137 137n

Bone Marrow Cs + Ba Net External Total Body Total Bone Marrow

Dose Equiv. Dose Equiv. Dose Lquiv. Dose Equiv. bose Equiv. Puring

Residence During & Post During & Post During Residence During & Post and Post Residence

1D Interval Kesidence lnt. Residence lat. Interval Residence lot. Interval

Number Years mKen mKem mRem mikem mRen
863 4.3 120 620 600 1200 1300
6086 8.3 240 990 1100 2100 2300
6069 8.3 150% 580 1100 1700 1900
6073 7.3 130%* 490 955 1400 1600
6072 1.0 18% 330 130 460 480
6119 7.3 130% 730 950 1700 1800
864 7.3 130% 960 950 . 1900 2000
966 7;3 130% 1400 950 2300 2500
6059 1.3 154 240 160 400 - 410
6124 .88 10% 180 110 ‘ 390 400



IND1VIDUAL DOSIMETRY DATA FOR BIKINIANS (cont'd)

90 90

I)cﬂgpu§Cﬂivvﬁfi

Sr & Y
Bone Marrow 137Cs + 137de Net External Total Body Total Boqe Marrow
Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. Puring
Kesidence During & Post  During & Post During Residence During & Post and Post Residence
1D Interval Residence Int. Residence lnt. Interval KResidence Int. Interval
Number Years mKem nkem mKem mKem mRen
6058 5.3 63% 550 600 1200 1300
6036 .04 7.6% 260 17 340 340
6110 8.3 98+ 450 1000 1400 1500
6051 5.3 63% 520 600 1200 1200
| 6092 6.3 4% 1600 800 2400 2400
6080 .88 10% 200 110 310 320
, 6038 2.3 27% 1100 280 ) 1400 1400
’i 6103 3.3 39w 1200 400 1600 1600
’ 6028 5.3 63% 1200 600 1800 1900
- . 6044 5.3 63% }600 600 2200 2300

SN
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IND1VIDUAL DOSIMETRY DATA FOR BIKINIANS (cont'd)

DOE ARCHIVES

90, 90
Sr b Y 137. . 137m

Bone Marrow Cs + Ba Net External Total Body Total Bone zmwnw:

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

Kesideuce During & Post  During & Post During Residence During & Post and Post Residence

1D Interval Residence Int. Residence 1Int. Interval Residence Int. Incerval

Number Years mKkem mikem mRem mRem mRem
6062 4.3 51=% 540 520 1100 1100
6034 7.3 86* B8O 900 18006 1900
865 7.3 B6* 430 900 1300 1400
6050 2.3 27x% 410 309 710 740
6009 4.3 174 1600 600 2200 2300
6049 2.3 41% 1600 3o 1900 1900
6042 .55 10% 510 72 580 590
6014 1.6 29% 1300 210 1500 1500
6012 7.3 130% 1500 950 2400 2600
6016 7.3 130% 1500 550 2400 2600

- b
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INDIVIDUAL DOSIMETRY DATA FOR BLKINIANS (cont'd)

90, 90
Se & Y 137, 137n
Bone Marrow Cs ba Net External Total Body Total Bone Marrow
Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. During
Residence During & Post During & Post During Residence During & Post and Post KResidence
tD Interval Res{dence Int. Kesidence Int. Interval Residence lnt. Interval
Number ° Years mKkem mikemn mRem mkem mkem
6013 2.3 41% 1300 300 1600 1600
6094 6.3 74% 1300 800 2100 2200
6005 1.8 12 470 230 700 710
6135 1.3 11 330 170 500 510
6125 9.3 45 8Y0 1200 2100 2100
6067 1.3 54 780 950 1700 1800
6002 2.3 1.7 370 300 670 680
600 .
6 1.0 9.5 260 230 440 500
6112 .
1.1 12 260 160 420 430
6035 .
6.3 140 600 760 1400 1500

DOE ARCHIVES
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INDIVIDUAL DOSIMETRY DATA FOR B1KIN1ANS (cont'd)

=
E
Psr ¢ 2 137, , 137 2
Bone Marrow Cs + 7 '"ua Net External Total Body lotal Bone Marrow
Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. During o
Kesidence During & Post  During & Post During Kesidence  During & Pust and Post Residence [
Ih luterval  Residence Int. Kesidence lnt. Interval Kesidence Int. lanterval
Number Years miem mkem mkem mKem mRkew
6096 3.3 46 680 430 1100 1100°
80 1.0 18% 200 130 330 350
6017 8.3 330 1200 1100 2300 2700
6045 1.0 9.0 150 120 270 280
6108 4.3 43 210 sl 730 7176
6063 4.3 19 620 Stu 1100 1104
525 1.0 5.6 350 120 470 Ny
934 6.3 120 1300 76C 2100 2200
6068 6.3 60 630 820 1500 1600
6106 3.3 39= 750 400 1100 1200
6025 3.3 39= 900 400 1300 1300
{



INDIVIDUAL DUSIMETRY DATA FOR BIKINIANS (COu_t
H n -

1

>

o

90, . 90, )

Bone Marrow Cs + Ha Net External Toral Body Total BOpe Mdrrgu gg

Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. Dose Equiv. Purlqg o

Rusidence During & Post  During & Post During Residence  During & Post and Post Residence

1D Iuterval Residence Int. Residenze Int. Interval Residence lntc. Interval AQ
Number Years mKem miem mRkem nRken: mRem
6112 4.3 19 380 520 880 900
£060 2.3 27% 510 280 7490 820
6032 3.3 9% 960 400 1400 1400
6121 4.3 50% 480 520 1000 1100
6098 3.3 39* 320 400 720 760
6065 4.3 130 390 .20 910 1000
6004 .55 10%* 130 72 200 2.0
6018 6.3 150 1100 520 1900 2100
6126 2.3 45 1100 300 1400 1400
6003 8.3 250 580 1100 1700 - 1900
6114 1.0 12 170 120 290 300
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INDIVIDUAL DOSIMETRY DATA FOR BIKINIANS (cont'd)

a.
=
m .
s
e
i
)
A

90 . 90
Sc & 7Y 137 137n

Bone Marrow Cs + Ba Net External Total Body Total Bone Marrqu

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

Residence During & Post During & Post During Kesidence During & Post and Post Residence

1D Interval Residence lnt. Residence lot. Incerval Residence Int. Interval

Number Years mRem mKem mRem mKem mRem
6064 - 7.3 B6* 400 900 1300 1400
6023 4.3 77% 940 560 1500 1600
6131 6.3 110%* 950 820 1800 1900
6011 6.3 170 550 820 1400 1600
6081 .97 12% 490 120 610 620
6133 7.3 130% 1900 950 2801 3000
6048 .55 6.5% 590 72 661 670

*These values were derived from average male or average female daily activity ingestion rates for Sr-90.
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Budy Busdem Dets fosr Medically Begistesed Adult Males Relocated from Bikini Atol) A,D
1! 1912? 1978 Jonuary 1979 My 1879 ie,
Weight rnﬂos :’-—3
Med - in Years Potae- Potas- Potas-~ Potas- Potes- L 122
ical Kilo-  Ago on oium —vu.u- olum -uwh- S_no siwm !—no —:n- oium . 'cho . __Uuh. Relle 1
1] wems (¥Yr) Bikini grems pCi hdgq grems  WCi hdq aCi By grems  oCi 8q  uCi kBq grems mCi [ T uci (17 ﬂ!rtro.vot
[ 1] 1] [1] 0.73 - - - - - - 2.6 .42 53 ). 42 - - - - - 1M oL WL 0.12
006 (3] » 0.7y - - - - - - 141 .99 8 1.4 54 - - - - - - - - - -
86) (Y} n Y ) - - - 146 0.229 n 156 4.9) 180 2.% (2] 179 2.5 93 ).\ LY] - - - - -
/0 [ }) i} 1] 120 0.09) 3.4 1.5 b Y 152 8.17 30 3.9 150 137 J.0 1 1.6 59 - - - - -
004 ”» b ] 0.2 - - - - - - 1Y) V.88 10 1.3) 49 - - - - - - - .- - -
[ T3] 19 H1} 6 (L1 0,098 3.3 13 36 132 8.63 320 3. 84 140 - - - - - - - - - -
[T1 ] [ 1] b 1 [ (11] 0.22 8.2 - - - 180 14,9 )0 5.08 220 - - - - - - - - - -
(113 ] t 37 [ ] - - - - - - 132 4.0 15 1.1 43 - - - - - ¢ 2.0 % 0.8 14
cusd ”» p13 [} 113 0.05) .9 164 0.778 29 [T .12 230 3.0 10 - - - - - - - - - - -3
(7Y} I LS T ? - - - - - - [B]] 5.9 220 2.9 Mo 13 2.6 8 1.0 37 169 1.2 b 0.63 23 . inr6
a4y bued ”" » 3 - ~ - - - - 108 2.06 13 0.820 30 121 1.2 A 0.48 s 197 nL. L 0.45 1 hn .b"
oyl 80 [Y) [ ] - - - - - - 133 11,9 510 .02 210 - - - - - 163 1.% 56 0.52 )Y
(Y11} .0 (Y] S - - - 111 0.9 ¥ W 1% 1.0 3 13 2.9 107 0.3 w - - - - -
01 (1) [ ) ? 14 0.078 - - - 126 120 1.7 [ X i3 1.9 0 o.n 28 - - - -
60/ [ }) " y - ~ - 13 Q.15 29 22 160 2.18 80 - - - - - 1% WoL WL 0.12 4.4
(Y13 1] 3 1.3 - - - - - - 133 1% 2.08 n - - - - - 1. 4l 0.16 3.7
(7] » b} 4 - ~ - 15) 1.9 13 123 190 1.94 12 148 3.2 s 1. (Y] - - - - - -
(0T 7 XY [ ] 110 0.17 6.2 149 .08 b B b ] 2% 3.1 1% [R4) 1.8 106 0.86 32 16} 1.9 10 0.40 15 K.c’ 10
[Y'1]) ] ] n Q.13 - ~ - - - - [ B 1Y 2 o4 V.72 [ 2] 13 0.2 4 0.9 34 - - - - -
su)e [} ] » 3 - - - - - - (T3] [ 2% .44 1% (9] 3.9 107 2.4 (3] - - - - -
o b1} 20 Q.67 - - .- - - - 120 ] 1Ho 1.3 [3) - - - - - - - - - -
(13} 1] 3] 4 - - - 14) 0.9%3 3} e ) Mo 1.69 61 154 67 0.6} ) - ~ - -
(YY1 ] 1) 2 . 126 .77 2.9 - -~ - 108 ) 1 0.aM 23 144 % 0.15 e ou 0 90 b} ] 0.4 )3 h.v:.cuu
6120 9 » 2 - - - (13 ] .1 0 M 7 e 3 120 - - - - - - - - -
(1" )] 7 22 [ ] (1) D.076 3.8 18} 0.92) b3 V9 S.60 210 2.45 %0 - - - - - - - ~ - -
si1? 80 12 " - - - 19 L3 YT 608 1M  2.e8 " n 2.9 101 0.% » 14 1.5 6. 0.66 16 G.Yx,0 ¥
.20 b} n ) - ~ - 149 1.9 A8 19 4.79 180 ).8% (1] 153 i 1100 0.92 3% - - - -
(1R} [ ) » 9 [$ 1) 0.10 3.8 150 [ b Y 164 3.69% 310 2.52 9 - - - - - le-& 2.0 1 [} 6.1 12
s} 2 3 0.% - - - - - - 127 2.3%8 1.4 53 [T 0.67 3 0.2 1 - - - - -
¥ o .42 - - - - - - W) 2.20 81 1.4t M 1% .5 e 1.3 56 |k [T W 0.9 % 3Buw 2
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Body Burden Dets for Medically Begislered Adult Males Relocaied f1om Bikini Ato)ll (Cont'd)

.«..ar
it wn? 1978 Jacusry 1979 ey 1979 Louy Teim
Weight Raenies \
Med- in Years Polae- Potas- Putas- Potas- Potae- Rate
ical  Rilo- age on sium -u~n. slua -u-ﬂ- sium 89 .uuﬁ- sium .oeeo ) -:n. sium oeoe ~u~a- Coushaat
1] stoms (Y1) Bikiai grame yCi by gtams L, Ci hilq grams aCi [ 1Y uCi kBq grems nCi By uCi (11} grame  aCi Bq uci kbg &c-
oy 3% (R} ? - - - 138 0.64) 24 126 &.58 170 2.8} 9 - - - - - -~ - - - -
[ I2Y ”0 51 ? (3] 0.29 n 11 . 120 1% 5.99 220 3.0% 1) - - - - - - - - - -
L 11 2] b1 ? - - - 162 3.22 82 126 14.9 330 3.2 210 - - - - - 149 2.5 ” 0.48 ] ]
(1R )} [ 1} 1} ) - - - - - - W2 3.% 120 12.12 70 - - - - - ~ - - - - -3
o0% [ 1) (1] ) - - - 14 1.9) [ 146 4.2 160 1.9 1 140 2.5 93 1.} &8 1% 0.9 3) 0.0 26 OI.Q-&.
ou0? [ 3} 2 - - - 130 1.04 3 e 2.21 82  1.26 46 - - - - - - - - - - -3
sie b % S 130 o.081 1o - - - - . - - - 142 ML ML 109 4.0 126 ML ML 0.048 1.8 AYaw
0 S8 ) 1% o0.0712 3.7 - - - - - - - - 140 WL MDL 0.02)  0.85 146 ML ML 0.011  0.41 25s433
1844 3 S 10 0.043 .6 - - - - - - - - 130 ML WL 0.067 2.3 ™ ML oL 0.025  0.93 g 2007
sliet 3 10 1% 0.4 a6 O - - - - - - - - - - - 160 - e.290 M
! @ »
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3 Individuals lett Binini Atoll 8 wonthe prier te the August 1978 Relocation Progras,
¢ ladividusls recaived sick call medical core prior to April 1978 but were oot otficislly segistered.
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(O % o.M 1 - - - "% 31 1.3 5) - - - - - - - - - -
shi0 3] [ ] n 1 el - %% 3.9 1% 1.5 5 - - - - - f10 oL noL 0.1l
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[y 1Y 0 ) » - - - ) 2.%% %% 0.%07 .0 T4 1.6 s¢  0.42 1. L1} o moL 0.22
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Individuale lots Bikinl Atoll 16 munthe priss to the Auguet 1978 Relacetion Pregcsa.
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Body Buiden Data fur Medically Megistered Childien Relocated froa Bikini Atoll
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w Nilugreme Bivimi (¥e) Geame aCi [ Y uCi (1 gress nCi [ Y uCi hiy gions aCi [ Y uCi kidq

netee
(Y7 20 4 . » 0.9 36 1.26 & - - - - - 59 not noL 0.007 0.26
[T ] ) 2 [ ] 4 3.7 k2] . (3] - - - - - - - - - -
[TTY] 1) 0.2% ? 43 1.0 b1 [} » - - - - - - : - - -
s 0 1. ) [Y] V2 [} 1.3 5 - - - - (3] L notL 0.002 0.4
0i2 ) ? ? Y] 1.2 (Y] (1) 1Y) - - - - - ) L TIN L 0.022 0.9
[L7R) ] 4 [ } 32 1.2 [ 3] 1.28 [} 43 0.91 3 0.16 3.9 - - - - -
[T11Y n ) 1] 3 3.9 9 1.4) by} - - ~ - - 3 1.} 48 0.0 1.4
[ 1T I 1 2 ) » 1.3 5 1.00 » - - - - - - - - - -
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Body Burden Duta for Medically Registered (hildren Relocated from Bikini Atoll

DOE ARCHIVES

V3
Janusry . Hay 3(..‘) lkv.\J TNy
) o P, P, ~ N "V L.
Yrs Yie :g;:o Po::::iu- lg;t‘c Pa::::iu. Howm el e :
Age  Beight  Weight o Off  Weeult feault Result Kesult (. oernend A
we Bex  (yr) _(cw) (kyg) Bikiani Bikini  nCi kdy Grams nCi kg Giams T .
6031 ¥ " S 105 20 3 20 -- - - 2.6 0.10 35
6029 » 6 12 20 ) .70 - - - 4.7 0.7 25
1004 ] 5 99 12 4.3 .10 - - -- 15 0.56 24
s021€ " ) 103 19 4.3 . w 1.7 NC 6.2 0.23 51 M e
6020 " 3 107 20 2 BT s6 2.1 12 1.4 011 37 26a0°
61078 " 5 % 15 4.3 n 16 .59 46 2.6 0.096 40 F I YT
60748 » 5 104 20 4.3 B 9.0 0.33 3 WL L 25
60768 ’ 5 99 1 - 0.40 3.0 0.4 28 - -- --
6082* ’ S 95 15 4.3 .70 -- -- -~ 3.0 0.1 X}
€090 v 3 108 25 s .10 - - 4.9 0.18 ]
6101 v 6 104 19 5.3 .10 st 1.9 12 6.9 0.26 15 2et 0™
#056* y . 100 ) 8 B 1.7 N | 1.4 027 49 R rIraL
o057 ‘ r ? 107 2 ! .12 -- -- -- 5.8 0.22 66

Sindicates childces were & yrs or less April, 1978
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621l
6218
6219

€220

Body Burden Deis for NHon-Hedicuily Kegiviered Adult Hale Prios
Yre
Age Height Weight on
Sex {y (cm) (kg) Bikini
" 19 166 5? 0.25
] 42 170 [ 1} K}
[} 19 163 55 1
] 56 158 12 2
" 30 173 60 ?
] 26 166 66 2
[ 53 i75 82 2
L} 66 152 65 2 days
May 14, 15, 199
] 45 158 35 2 days
May 14, 15, 1909
L] 18 164 58 2 yx

Yrae
ot f
Bikini_

2

4.5

«w

016

016

15§20
Ce
Result
aCi_ kBq
6.0 0.22
WL MLL
MDL HbL
MOL MDL
MDL HoL
ML ML
4.2 0,18
99 3.7
120 L.b
MLL MDL

Hay 1929
Potassium
Resulr
- Gramy
161
159
134
169

143

(Y
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Body Burden Dets for Mon-Medically Registered Adult Male Prior Residents of Bikini Atoll

rd
January Nay '
139 Cs
1979 1979 1979 1979 tens Term Remicval
Yre. Yes. 13, Potassiue 1M, Potassium R
Age  Meight VWeight On off Result Result Result Result ate Coustaat
o ¢ Sex  (yr) (cm) (hg)  Bikini Bikini _wCi____kBq __Gram  nCi kBq Cram 4!
6136 N 48 150 58 4 8.5 0.3 164 - - -
o138 M 30 163 57 3 2.8 0.10 165 -- - -~
615 ] 23 160 65 1 1.42 5.6 0.21 170 5.4 0.20 146
oled ] 16 150 &4 7 1.0 2.4 0.089 10l ML MDL 100
(192 | 32 134 [ 2 6 17 0.63 158 - -- -~
6180 [ | 2 1 67 4 1 3% 1.3 141 -- - --
-3
4i02 ] 18 16} 3) 6 0.42 1220 45 122 620 23 131 ("Pa R 31
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8137
6139
6140
6léh
6132
o135
6160
6165

6175

(31 1)

6185

Sody Burden Data of Non-Medically Registered Adult Femsle Prior Mesidents of Bikini Atoll

o W § W w4 % w w = IE

Age
(yr)

20

[ 3]

1)

a

MHeight
(cw)

161

140

131

164

Meight
(hg)

[
3
Lo
4é
59
(1]
53
60

63

35

(1)

January May

1979 1979 1979 1979

Yre. Yrs. 3¢, Potassium 137¢, Potussium

Oon otf Result Result Reoult Result
Bikini  Bikini aCi kiq Gram _uCi kBq Grame
0.3 4 - 3.8 0.14 113 1.7 0.063 12
- 3 2.} 0.078 89 - -~ -~
0.1? 0.42 ') 1.0 9% 8.6 0.2 9%
L 0.42 37 1.4 165 13 0.48 89
1 1.2 2.4 0.089 123 3.9 0.14 11y
6 0.62. 3%0 1% 120 150 5.6 90
6 0.6 360 13 67 140 5.1 87
-~ 1.5 6.6 0.24 76 - == --
- - 1l 0 4l 90 5.2 0.19 9:
L} 1 8.5 0.4 105 4.6 0.17 10t
3 2.5 2.7 G to T4 3.4 0.3 79

4.6 X116
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Body Burden Date of Noo-Medically Registered Adult Female Prior Mewidents of Bikini Atoll

m‘ 1979 Mey 1979
Yre Yre M, Potassium
Age Height Weight on off Resule Result
e Sex {yr) (cam) (ny) Bikini Bikini nCi  kbq Gram
6187 ? 21 152 54 0.019% \ 1.6  0.059 17
6189 ¥ 21 135 - 2.5 1 1.9 0,020 114
6106 [ 4 n 151 73 i) 5.5 noL MDL 116
6222 r 39 156 66 2.5 k] Ml WL 98
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6156
6164
6189
an
6119
6183
6179
an
6176
6
131
6l70
6162
6151
o158

6130
6149

Body Burden Dsts for Non-Medically Registered Adolescents

and Children Prior Residents

of Bikini Atoll

- w X T =

Age
(yr)

9
3

13

3

12

January Hay
19719 1979 1979 1979
Yrs. Yrs. Potussium 137¢, Potassium
Height  Meight On Ooff Result Result Resule Result

(cm) (hy) Bikini  Bikini nCi kBq Cran nCi kBq Geam
130 3 [ 1.0 2.0 0.024 53 3.4 0.1 39
85 15 -- 1.5 8.0 0.30 40 - -— --
167 46 7 1.0 1.2 0.044 108 ML WL 120
130 30 7 1.0 2.8 0.10 40 1.9 0.070 14
187 3] & 1.0 2.0 0.074 46 1.7 0.062 10
139 35 -- 1.67 1.0 0.037 36 MDL MDL 14
113 22 4 1 1.2 0.044 HLL oL bl 39
103 18 -- 6 MHOL MOL MOL MOL MDL 36
164 24 - 6 HoL MDL HOL ML HoL 38
142 41 k] 0.42 4.0 0.15 33 MDL ' 48
96 15 2.67 1.0 4.0 0.15 16 i.1l Hl &7
140 45 ? 1.0 2.8 0.10 S8 1.8 v.wl n
147 50 -- 1.5 5.0 0.19 36 - -
106 20 4 1.0 1.2 0.27 32 MDL HOL 56
103 20 b 1.0 1.5 0.13 32 1.2 0.044 &6
120 25 4 0.42 4.0 0.15 42 1.3 0.056 40
99 19 4.} 0.42 1.6 0.059 i) oL ML n
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8ody Burden Date for Mon-Medically Regisiered Adolescents and Childien Prior Residents of Bikini Atoll 5
‘Eg

- - - u -~ = - 4 x x x '-

Age
(yr)

16
6
12
10
1}
5
3
14
10

Height
(cam)

155

100

138
136
125

92
104
154
121

126

Weight
(xg)

4]

19

3

»

23

15

21

50

25

25

Yre
on

Bikini _

5.3

Hay 1979 May 1979

Yrs ‘170. Potassium
of f Hesult Result

Bikini nCi  khbq Cram
2] 110 4.} lle
A2 1.8 0.06) 53

4.5 MUL  HDL 18

4.5 MDL  MDL 76
1.33 MOL  MDL 53
.12 MUL  MDL 54
.22 1.} 0.040 57

3 MbL WL N

k] HoL  WbL 56

9 ML WL 44
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61463
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“se
6188

(13 1)

Body Burden Dats for Mon-Hedically Megistered Adolescents and Children Mever oo Bikini lsland

Sex

14
r

X X =

Age
(yr)

12

11

January May
1979 1979 1979 1919
137¢, Potassium B, Potaseium
Height Weight Result Result Result Result

(cm) (hg) nCi kBq Cram nCi kBg __Cram
138 » 2.7 0.10 63 1.5 0.056 112
126 26 2.3 0.085 52 1.0 0.03? 11
106 19 1.2 0.044 4l ML oL 35
1o 21 1.0 0.0 46 - - -
104 20 - - - ML WL 22
146 49 - - -- 2.9 0.11 107
113 13 - -- ~-- 1.1 0.041 (Y]
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PERMISSIBLE DOSE FOR INTERNAL RADIATION

Table 1. Maximum permissible body burdens and maximum permissible concentrations of

radionuclides in air and in water for occupational exposure

41

Maximum Maximum permissible concentrations
Organ of | permissible
Radionuclide reference® burden For 40 hr week For 168 hr week
and type (critical organ | in total
of decay bold face) body (MPC), | (MPC), || (MPC), | (MPC),
g(uc) (sc/cm?®) | (ucfem?) | (uc/cm?) | (uc/emd)
|
yH3HTO or HiO" | Body tissue 10+ 01 5 x 10— 0.03 2 x 10—
8- [(sol.) ! Total body 2x 10 0.2 8 x 10— 0.05 3 x10°¢
(H3) (submersion) ! Skin 2 x 1078 4 x 10~
B¢’ (sol.) I GI (LL)) 0.0 10— 0.02 4 x 10~
&7 Total body 600 6 6 x 10— 2 2 x 10"
Kidney 8§00 9 8 x 10— 3 3 x 10—
Liver 800 9 8 x 10—+ 3 3 x 10-¢
Bone ] 2 x 103 20 2 x 10-% 7 6 x 10—
Spleen 4 x 103 50 4 x 10-% 20 2 x 10-%
(insol.) ! Luna : 10— 4 x 1077
GI (LLD) I 0.05 9 x 10— 0.02 3 x 10—
{CH(CO,) (sol.) | Fat I 300 0.02 4x10"* ;8 x10°% | 10—
g Total body | 400 0.03 5 x 10— 0.01 2 x 10—
{ Bone ! 400 0.04 6 x 10—¢ 0.01 2 x 10—
- ! .
(submersion) I Total Lody i : 5 x 107 10—¢
i 1 i
| :
JF38 (sol.} | GI(SD) 0.02 5x 10 8x 10,2 x10°¢
8+ " Bone and
¢ teeth 20 0.2 3 x 10-% 0.06 9 x 10—
i Total body 20 0.3 4 x 10— 0.09 10-%
(insol.) ; GI (ULD | 001 [3x10-|5x107 9 x 107
| Lung 2 x 10-8 | 6 x 10—
nNat? (sol.) i Total body ! 10 10 2%x1077{4x10*|6x 10°°
B4y | GI (LLI) | 0.01 2x 107 {3 x 102 |7 x 1077
(insol.) | Lan~ ! | 9 x 10~ 3 x 10~
: . 0741 2%x107713x 1075 x 10
L Na (sol.) : GI (SD | | 6 x 10-* | 10~ 2 x 10 | 4 x 107
8-,y | Toral hody | 7 ¢ 901 [2x104x10°:6x 10~
' i ; i
Ginsol. | Gr@L) ! 8% 10107  {3x10~5x10~
| Lung | | 8 x 10~ | '3 x 10-7

* The abbreviations GI, . §1. UL,

large intestine. and lower :a gv intes...

o . = LI refer to gastrointestinal tract, stomach, small intestine, upper
s p-cavely.
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PERMISSIBLE DOSE FOR INTERNAL RADIATION 63
Maximum ‘ Maximum permissible concentrations
Organ of | permissible i
Radionuclide reference burden For 40 hr week :  For 168 hr week
and type (critical organ | in total ! :
of decay bold face) body (MPC), | (MPC), | (MPC), | (MPC),
#(uc) (ucfem?) | (uc/em?) | (uc/cm?) | (uc/cm?)
aCel® (sol.) | Total body 30 2x10° ([4x 10779 x 104|107
g,y Liver 60 5x10-%1'7 x 10~ | 2 x 10-% | 2 x 10-7
Spleen 80 7 x 10-3% 1 10—+ 2x10-% | 4 x 10-7
Muscle 80 8 x 10— | 10—¢ 3 x10-%4 x 107
Kidney 100 8 x 10-% | 10—¢ 3x10-%| 4 x 107
GI (SI) 0.02 5x 10~ |8 x 10-* ] 2 x 10—¢
Bone 400 0.03 4 x 10—+ 0.01 2 x 10—¢
Lung 800 0.06 9 x 10—+ i 0.02 3 x 10—
(insol.) ! Luang 2 X107 ‘ 6 x 10-*
GI (L) 2x 1073 x10-7| 6 x 10—¢ | 10~
wCs!¥ (sol.) | Total body 30 4x10¢ 6 x 10 .! 2x30¢]2x 10t
B,y e Liver 40 Sx 10| 8x10*}{2x10*|3x10*
Spleen 50 16x10~[9x10*]2x10~|3x 10
Muscle 50 7 x 104 | 107 2x10 |4 x 10
Bone 100 10-3 2x 1077 | 5§ x 10 |7 x 10—
Kidney 100 10-2 2 X 10" [ 5x 10— |8 x 10—
Lung 300 §x10-*16x10-"12x 10-% |2 x 10-7
GI (SI) 0.02 S§x10¢ | 8x 10-%]2x 10—
(insol.) | Lung 10— l $ x 10—
GI LD 10— 2x1077 |4 x 10| 8 x 10
wuBald! (sol.) | GI LLY) £x 10| 10— ! 2x 10| 4 x 10
“y . Total body 50 0.1 2 x 10— | 0.03 7 x 10-7
Bone . 80 0.1 3 x 10— 0.05 10—+
Liver 107 20 4 x 10— 7 10-¢
Muscle 2 x 104 40 7 X 10— 10 2 x 10-¢
Lung 2 x 10¢ 40 7 x 10— 10 2 x 10—¢
Spleen 3 x 104 60 10-3 20 4 x 10—¢
Kidney 4 x 104 70 10-3 20 5§ x 10—
(insol.) | Lang 4 x 107 10~
Gi (LL) §x10° [ 9x107(2x107*|3x 1077
wBalt® (sol.) | GI (LLY) 8x107¢2x10"7|3x10¢|6x10-
By Bone 4 6 x 10~ | 10~ 2x10°*; 4 x 10
Total body ] 0.01 3x 10715 x 10-3 107
Liver 102 2 5 x 10-¢ 0.9 2 x 10—¢
Lung 3 x 103 4 9 x 10— 2 3 x 10-*
: 3 . 103 s 10—¢ 2 4 x 10—
KYSRUEN 4 x 10 6 10—¢ 2 4 x 10—t
Kidney 4 x 10% 8 2 x 10—+ 3 5 x 10-¢
(insol.) | Lang 4 x 10~ | 10-*
‘ GI (LLD 7 x 10~ | 107 ) 2 x 10~¢ | 4 x 10~¢
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. WaTERELON 8 0.031 5y 0.012-0.08
. Souss 6 0.034 0.024 - 0.15
Papava 5 028 o 0.052-0.39
SizeT Potato 1l 0.5 ' ( -
RoeEN FRUITS A 0.13 ) -
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ZET PoTATO) " ; |
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FEDERAL RACIATION CEUNE:
RADIATION PROTECTION CUIDANCE
FOR FEDERAL AGENCIZS

temorandum for the President

Pursuant to Dxccutive Order 10231 and
Public Lav 86-373, the Federal Radia-
tion Council hzs made a study of the
huzards and use of raciationn We here-
with transmit our first report to you
concerning our findings and our recom-
mendations for the puidance of Federal
agcncies in the conduct of their radia-
tion protection activitics.

It is the statutory responsibllity of the
Council to “* * * advisc the President
with respeet to rediation matters, di-
recily or indircctly aliccting hcealth,
including guidance for all Federal acen-
eies in thc formulation of radiation
standards and in the establishment and
execution of pirozrams of cocperation
with States * = *”

Fundamenially, setting basic rediation
protection standards invoives passing
judcment on the extent c¢f the possible
health hazard society is willing to accept
in order to reaiice the known bcnefits
of radiaticn. It involves inevitubly a
balancing Letiwezn total health protec-
tion, which might require forezoing any
activities inzrezsing exposure to radia-
tion, end th= vizorous promotion of the
use of radiztion and atomic ehergy in
order to cchicve opiimum benefiis.

The Federal Radiation Council hes
reviewed availzlle knowledec on radia-
tion effects and consulted with scizntists
within and outsice the Government.
Each member has also examined the
guidance recoraraended in this memo-
randuwm in licht of his statutory responsi-
Bilitics. Althouch the guidance dzes not
cover all phasas of radiation protection,
such &s internal emitters, we find that
the guidance which we recommend that
you provide for the use of Federal agen-
cies gives approprinte consideration to
the requireincnts of health protection
and the beneficial uses of radiation and
aiomic encigy. Our {further findings and
recommendations follow.

Discussion. The fundamental protlem
In  establiching radiztion proteciion
guides is to allow as much of the bene-
ficial uses of jonizing radiation as pose
sible while assuring that man is not
exposed to unduc hazard. To gct a true
insicht into the scope of the problem
and the impact of the decisions involved,
a review of the beaefits and the hazards
is necessary.

It is imporiant in considering both the
benefits and hasards of radintion to ap-
precinte that man has existed throush-
out his history in a bath of natural
radiation. This backeround radiation,
which varies over the carth. provides a
partial basis for vaderstandina the cf-
feets of radiation on man and serves as
an indicator of the ranurs of radhiation
exposures within which the human popue
lation has developed and inereased.

The benefiis of svnizing radialion.
Radiation properly contiolicd is a boon
to mankind. 1t Las been of inestimable

‘value in the dintnosis and treatment of

discascfs. IL can provide svurces of

encrrry ereater than any the world has
yet had available, In industry, 1t is used
as a tool to measure thickness, quantity
or qualily, to discover hiddcn flaws, to
trace liquid flow, and for othier purposes.
50 many research uscs for jonizing: radia-
tion have been found that scientists in
many diverse ficlds now rank radiation
with the microscope in value as a work-
ing tool.

The hazards of {fonizing radiation.
Jonizing radiation involves health haz-
ards just as do many other useful tools.
Scientific findings concerning the bio-
logical cfiects of radiaticn of most im-
mediate interest to the establishment of
radiation protection slandards are the
following:

1, Acute doses of radiation may pro-
ggce immediate or delayed effects, or

th.

2. As acute whole body doses increase
above approximately 25 rcins (units of
radiation dose), immediately observable
eflects increase in severity with dose,
beginning from barely detectable
changcs, to biological signs clearly indi-
cating damage, to death at levels of a
few hundred rems.

3. Delaycd efiects produced either by

acute irradiation or ty chronic irradia-.

tion are similar in kind, but the ability of
the body to repair rzdiation damage is
usually more eflective in the case of
chronic than acute irradiation.

4. The delayed efTects from radiation
are jn general indistinguishable from

familiar pathological conditions usually .

present in the population.

5. Delcyed effects include genetic
effects (effects transmitted to succeeding
generalions), increased incidence of
tumors, lifespan shortening, and growth
and development changes.

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

7. The various organs of the body differ
in their sensitiviiy to radiation,

8. Although ionizing radiztion can in-
duce genctic and somatic effects (effects
on the individual during his lifetime
other than genctic eflects), the evidence
at the present time is insufficient to jus-
tify precise conclusions on the nature of
the dosc-ciTect relationship at low doscs
and dcse rates. Mcereover, the evidence
is insuihicient to prove cither the hypoth-
esis of a “damage threshold” (a point
below which no damage occurs) or the
hypothesis of “no threshold” in man at
Iow doses.

-t

- -y - -

9. If-one asrumes g diroet Nnear v
tion betlween bivlozical eleel asnc ¢
amount of dosc, it then become: pe::.
to rclate very low dose Lo on usiure
blolormical effect even thouh it §: ne: ¢
toctable. It is gencrally arrecd t‘w
effect that may actually occur v} -
exceed the amount predicicd by 1.
assumption.

Basic biological aessumptions. Tr--
are insufiicien. data to provide o £.;
bacis for evaluatling radiation eflcoin !
ol] types and Jevels of irradiationn 57
is particular uncertainty with rezpoe: -
the biolorical effects at very lcw ¢:
and low-dose rates. It is not prucic:
therefore to essumne that there is a
of radiation expusure below which
is absolute certainty that no effest
occur. This consideration, in acZit.:
to the adoption of the conservative !t
pethesis of a linear relation batwesern @i
lozical effect and the amount of ¢:-
determines our basic approach to 1
formulation of radiation protocic
guides. )

The lack of adequate scientific infc
mation makes it urgent that sacis
research be undertzken and ne—
cGeveloped to provide a firmer basis ¢
evaluating biolczical risk. Approrvii
member agencies ¢f the Federal Rzc.
tion Council are Sponsoring ané enc:.
aging research in these areas.

Recoinmendaiicns. In view cf t!
findngs summarized above the followi:
recemmendations are made:

It is recommended that:

1. There should not be any mau-msa
radiation exposure without the exnect
tion of benefit reculting from such :
posure. Activities resulting in man-m-
radiation exposure should be authoris
for useful applications provided in 1.
ommendations sct forth herein &
followed.

It is recommended that:

2. The term1 “Radiation_Prefes:
Guide” be adopted for Federal use. 7.
term is defined_as_the_radiaticn ¢:
which should not be exceeded
carcful coasideration of the reas
doiny¢ so; every eflort should be nin¢:
encourage the maintenance of rodis
doscs as far below  this gum.
practicable,

It is recommended that:

3. The following Radiation Proleot:
Guides be adopted for normal peaceias
operations:

Type of enposure

Condition Dosc (rem)

Jadintion worker:
) Whels beelyv, head and {rimk, active blood form-
tug orpans, gattnds, or beta of ©) 6,

(1) Ehin of whole body and thyroid..

Accumulated dose .. 8ume~ un:numbcx of yeroa by
t{,c

1 weekS. . ccvcecnensss| d

Year. ...

() Hauds and forvarms, ket and anklee . .........
) Bane ...

13 weeks.

1 micorram of radium- e

bivlugicsl equivalent.,
() Other orravs. Yeor . La' opical eq
. WOCAS, o cicrecncocen
Tropulation:
() handnidand Year.. 0.5 (whale body),
) .\\'l'l’“}'l‘.'_.. JUR TR SO veveeee| & (gunads),

The followin® points are made in re-
Intion fo the Radiation Protoclon
Guides hereid provided:

(1) For the individual in the poru

tion, the basic Guide for aunual vk
body dose is 0.5 rem. This Guide :
DOE ARCHIVES
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Wedncsday, May 18, 1960

plies when the individual whole body

dos>s are known. As an opcrational
technique, where the individual whole

body doses arc mot known, R/ suitable
sample of the exposed population should

e davalanad whace nentastian eitirda {ar
ot GQCVCIORCA WaGLt PTOLCUION FuUiGl 30T

annual whole body dose will be 0.17 rem
per capita per ycar. It is emph:u.izcd

aL 4 At o mrtnasndloemal Sandizaiors
waL WIS lb an wprniaviviial K'Llllll\]ub

which should be modified to mcct spe-
clal situntions.
() Considerations of popuiaiion ge-

. netics Impase R por capita dose limitation

for the gonads of 5 rems in 30 years.
The operational mechanism doescribed
above for the annual individual whole
body dose of 0.5 ron is likely in the ime-
mediate future to essure that the go-
padal exposure Guide (5 rem in 30
years) is not exceeded.

(3) These Guides do not differ sub-
stantially from ecertoin other recom-
mendations such as those made by the
National Committce on Radiation Pro-
tection and Measurements, the National
Academy of Sciences, and the Interna-

tional Commission on Radiological
Protection.

£4Y "Tha tarm “maviFmiim narmieeihla
RE7 aal® TN T INAXIMUnl PeTTOlSEIS:S

dose” is used by the National Committee

on Radiation Protection (NCRP) and
the Intermational Commission oo Ra-
diological Protection (JICRP). However,
this term is often misunderstood. The
words *“maximum® and “permissibie”
both have unfortunate connoiations not
{ntended by either the NCRP or the
JICRP.

(5) There can be no single permissible
or acceptable level of exposure without
regard to the reason for permitting the
exposure. It should be general practice
to reduce exposure 10 radiation, and pos-
{tive effort should be carried oui to ful-
fill the sense of these recommendations.
It is basic that exposure io radiation

should result from a real determination

of its necessity.
(6) There can be different Radiation

Protection Guides with different numer-
fcal values, depending upon the circum-

atarane Tha Nuidepe hearain vanarm
[ 22 -t tie =N A4IC NAUIUVS  ITITAAL ATV UMaS

mended are appropriate for normal
peacetime oper?t.ons

{7) These Guides are not {ntended o
apply (o radiztion exposure resulting
from natural backeround or the pure
poscful exposure of patienis by pracii-
tioners of the healing arts.

(8) It is recoonized that our present
scientific knowledce does not provide a
firm foundation within & factor of two
or three for selcction of any particular
numeriecal value in preference to another
vahie. It should be recornized that the
Radintion Protection Guides recom-
mended in this paper are well below the

.1 Jevel where biolonical damage has been
< observed in humans.

It §s recommended thate

4. Currcnt protection guides used by
the arcnecics he scantinuied on an interim

S50 OO DO LONNIINNNE O3 RIL 2L

basls for organ doses to the population.
Recommendations are hot made cone-

anrnine tha NDadiatinn Dentantinn luidne
SOTHINT W00 SAQGIGLION PTTOICCHNN GRIHGES

for individual orpan doses to the popu-
anon. othcr than the romdq Unfore
tunnicly, the eomplexities of establishing
ruides applicable to radiation exposure
of all body oraans preciude the Couneil

from making recommcendalions concerie

FEDERAL REGISTER

ing them ot this time, However, current
protection ruides used by the agencies

appear annpronriate on an interim bacic
2088,

|FPURD RPPTONIR O Al Inenm

1t is recommended that:
$. The term *“Radioactivity Concen-

tratintn £20ida" ha adani.d fae Tl dooal
e YIS WA MIML [ -uupl-\u VI I Tl

use. This term is defined as the concen-
tration of radioacu‘vm in the eavirone
ment which is dolermined to result in
whole body or orran doscs cqual to the
Radiation Proiection Guide,

Within this definition, Radioactivity
Concentration Guitles can be determined
afler the Nadialuion Protection Guides
are decided upon. Any given Radicac-
tivity Concentration Guide is applicable
only for the circumstances under which
the use of its corresponding Radiation
Protection Guide is appropriate.

It is recommended that:

6. The Federal agencics, as an interim
measure, use radioactivity concentration
guides which are consistent with the rece
ommended Radiation Protection Guides.
Where no Radiation Protection Guides
are proviced, Federal agencies continue

present practxces
No specific numerical recommenda-

tions for Radisactivity Concentration
sions awaglidacuivily

Guides are provided at this time. How-
ever, concentration guides now used by
the agencies appear appropriate on an
ipterim basis. Where approprizte radio-
activity concentration guides are not
avzilable, and where Radiation Protec-
tion Guides for specific organs are pro-
vided herein, the latter Guides can be
used by the Federal agcncies as a start-
ing point for the derivation of radio-
activity eoncentration guides applicable
to their particular probiems. The Fed-
eral Radiation Council has also initiated
action directed towards the development
of additional Guides for radiation
protecuon

Ivisrecommended that-

7. The Pederal agencies apply these
Radiation Protection Guides with judg-

ment and discretion, to assure that rea-

SICIIL A0 QISLTCORI0N, L0 a330¢ Lal JCa-

sonable probability is achieved in the
attainment of the desired goal of protect-

inor man frem tha nndacirahla affaste AfF
4y AN AU W UNGeSITa0IC Ciuelis O

radiation. The Guides may be exceeded
only after the Federal sgeney havmg
jurisdiction over the matler has carefully
considered the reason for doing so in
licht of the recommendations in this
paper.

‘The Radiation Protection Guides pro-
vide a general framework for the radia-
tion protection requirements. It is
expected that each Federal azency, by
wirtue of its immediate knowledge of its
operating problems, will use these Guides
as o basis upon which to develop detailed
standards tailored to meet i{s pariicular
requirements. The Council wvill follow
the activities of the Federal agencics in
this area and will promote the necessary
coordination . to achieve an eflcctive
Federal program,

1f the foregoing recommendations are
approved by you for the puidance of
Federal agencics in the conduct of their

wadintinn nralertian antivitine it {e fur,
AdladatmaUes I VILULLIUT QURIVILITS, JV a5 s =

ther recommended that this menioran-
dum be published it the FEDERAL
RECISTER.
ArTiitr 8. FrLemmMmine,
Chairman,
Federul Radiaiion Council,

182910158020 4= 3 216 ) ¢ W)

44

The recommendations numbered *°
throurh “7" contained in the ab--

momaorandum are
aemoeranulll | are

annnavnsd  fae ®
Q. UvCu OV i,

guidance of Federal azencies, anc
mcmorandum shall be published 1n 153

FEDERAL RECISTER.
Dwicur D. EISENHOWER
ar . ea L Y.Y.7.
WATY 19, AP0V,

{PR. Doc. 00-4530; Plied, May 17, 19"
8:561 am.}
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[R‘eprinted from the Federal Register of September 26, 1961, as corrected]

FEDERAL RADIATION COUNCIL

RADIATION PROTECTION GUIDANCE
FOR FEDERAL AGENCIES

Memorandum for the President

'
Serrruen 13, 1961,
Pursuunt to Executive Order 10831
and Public Law 86-373. the Federal Ra-
diation Counci! herewith transmits its
second report to you concerning findings
and recommendations for guidance for
Federal agencies in the conduct of their
adiation protection activities.
Background. On May 13, 1960, the
first recommendations of the Counci}
were approved by the President and the
memorandum containing these recom-
mendations was published in the Fgp-
ERAL REGISTER on May 18§, 1960. There
was &lso relessed at the same time, Staff
Report No. 1 of the Federal Radistion
Council, entitled, “Background Material

for the Development of Radiation Pro-
tection Standards,” dated May 13, 1960.

The first report of the Council pro-
vided s general philosophy of radiatiod
protection to be used by Federal agencies
in the conduct of their specific programs
and responsibilities. It introduced and
defined the term ‘“‘Radiation Protection
Quide” (RPG). It provided numerical
values for Radiastion Protection Guides

‘for the whole body and certain organs

of radiation workers and for the whole
body of individuals in the general pop-
ulation, as well as an average population
gonadal dose. It introduced as an oper-
ational technique, where individual
whole body doses are not known, the use
of & “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 & suitable sample particular
ecare should be taken to assure that a
disproportionate 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 Frp-

gxAl REGISTER, May 1§, 1960, are ~qually

applicable to this memoraidurn.

This memorandum contains fecom-
mendations for the guidance of Federal
agencies in activities designed to lmit
exposure of members of population
groups to radiation from radioactive
materials geposited in the body as a
result of thelr occurrence in the environ-
ment. These recommendations include:
(1) Radiation Protection Guidcs for cer-
tain organs of individuals in the general
population, as well as averages over
suitabdble samples of exposed groups; (2)

. guldance on general principles of control
_ applicable to all radionuclides occurring

{n the environment; and (3) specific

guidance in connection with exposure

of popuhﬂon groups to radium-226, | In the development of the Radiation

fodine-131, strontium-90, and stron-
tium-89. It is the {ntention of the Coun-
cil to release the background material
Jeading to these recommendations as
8tafl Report No. 2 when the recommen-
dations contained herein are approved.

Specific attention was directed to
problems associated with radium-226,
$odine-131, strontium-90, and strontium-
89. Radium-226 is an important natu-
rally occurring radioactive material. The
other three were present in fallout from
nuclear weapons testing. They could,
under certain circumstances, also be’
major constituents of radioactive ma-
terials released to the environment from
large scale atomic energy installations
used for pesaceful purposes. Available
data suggest that eflective control of -

- these nuclides, in cases of mixed fission .

product contamination of the environ- .
ment, would provide reasonable assur-
ance of at least comparable limitation
of hazard from other fission products in
the body.

Establishment of the Federa) Radia- -

‘tion Council followed s period of public

concern incident to discussions of fall-i
out. While strontium-90 received the
greatest popular attention, exposures to *
cesium-137, iodine-131, strontium-89
and, in stil] lesser degrees to other radio-
puclides, are involved in the evaluation
of over-all effects. The characteristics
‘of cesium-137 Jead to direct comparison
with whole body exposures for which
recommendations by the Council have
salready been made,

Studies by the stafl of the Councu in-
dicate that obscrved concentrations -of
radiozctive strontium in food and water
do pot result in concentrations in the
skeletor. (and consequently in radia-
tion doses)
sumed in t.he past. However, concentra-
tions of jodine-131 in the diets of small"
children, particularly in milk, equal to
those permitted under current standards
would lead to radiastion doses to the
‘child’'s thyroid which, in comparison
with the general structure of current
radiation protection standards, would
be too high. This is because current
concentration guides for exposure of
population groups to radioactive mate-
rials in air, food, and water have been
derived by application of & single {frac-
tion to corresponding occupational
guides. .In the case of ijodine-131 in
milk, coisamption of milk and retention
of jodine by the child may be at least &s,
great as by the adult, while the rela-
tively small size of the thyroid makes
the radietion dose to the thyroid much
larger than in the case of the adult. In
addition, there is evidence that irradia-
tion of the thyroid involves greater risk
to children than to adults.

Recommendations as to Radiation Pro-
tection Guides. The Federa]l Radiation
Council has previously emphasized that
establishment of radiation protection
standards ifnvolves & balancing of the

. benefits Lo be derived from the controlled

use of radiation and atomic energy
against the risk of radiation exposure.

as large as have beén as- -

Protection Guides contained herein, the

. Council has considered both sides of this

balance. The Councll has reviewed
available knowledge, consulted with
scientists within and outside the Govern-
ment, and solicited views of interested
individusls and groups {rom the general
public, In particular, the Council has
not only drawn heavily upon reports
published by the International Commis.
sion on Radiological Protection (1ICRP),
the Nationa! Committee on Radiation

© Protection and Measurements (NCRP),

and the National Acsdemy of Sciences
*(NAS), but has had during the develop-
ment of the report the benefit of con-
sultation with, and comments and sug-
gestions 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 health
protection and of the beneficial uses of -
radiation and atomic energy. .

It is recommended that: -

1. The following Radiation Protection.
Guides be adopted for normal peaceume
operations,

Tavx 1—R4DLNON PROTECTION GUIDES POR CERTAIN
Bopy Oncass IN RELATION 20 EXPOSURE OF POPO-
wunox Gaours ]

RPG for* sversre

Organ RPG for indl- of suitable samupie
i wviduals of expascd popu-
Jatioo group
Thyrold.......] 1.6 rem per year...| 0.5 rem per year.
- Bone marrow.} 0.6 rem per year_..| 0.17 remo per year,
HBobe.....o...af 3.5 rem per year...| 0.5 rem [xr year,
Bone (slter- 0.003 microprams | 0.001 microsrums
pate guide) of Re~225 in the of [{s-220 ip the

sdult skcleton
or the biological

adult skeleton
or the blologiaad

uivalent of equivalent of
tuh‘xs amoust of thus amount of
Ra- Re-2Z%.

It will be noted that the preceding table
provides Radiation Protection Guides to
be applied to the average of a suitable
sample of an exposed population group
which are one-third of those applving to
. indfviduals. ‘This is in accordance with
" the recommendations in the first report
of the Council concerning operational

‘ techniques for controlling population ex-

posure. Since in the case of exposure of
a population group to radionuclides the
radiation doses to individuals are not
usually known, the organ dose to be used
as & guide for the average of suitable
samples of an exposed population group
is also given &s an RPG. .
Recommendations as to general prin-
ciples. Control of population exposure
from radionuclides occurring in tiie en-
vironment is accomplished in general
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 actual or potential con-
centrations of radioactive material in
air, water, or food. Cuntrols should be
based upon an evaluation of population
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[Reprinted from the Federal Register of September 26, 1961, as corrected)

exposure with respect to the RPG. For
this purpose, the total dally intake of
such materials, averaged over periods of
the order of a year, constitutes an appro-
priate criterion.

The control of the intake by members
of the general population of radioactive
materials from the environment can ap-
propriately involve many different kinds
of actions. The character and import of
these actions may vary widely, from those
which entail little interference with
usual activities, such as monitoring and
survefllance, to those which involve u
major disruption, such as condemnation
of food supplies. Some contro} actions
may require prolonged leac times befare
becoming effective. e.g., major changes
in processing facilities or water supplies.
The magnitude of control measures

should be related to the degree of likeli- !

hood that the RPG may be exceeded.

The use of a single numerical intake’

walue, which in part has been the practice
until now, does pot in many instances
provide adequate guidance for taking
actions appropriate to the risk involved.
For planning purposes, it is desirable

.that insofar as possible control actions
‘to meet contingencies be known iIn
-advance.

It 1s recommended that:

2. The rediological health activities of
Pederal agencies in connection with en-
vironmental_contamination witn rawo-
active materials be based, within the
Himits of the agency’s statutory respon-
sibilities, on a graded series of appropri=
ate actions related to ranges of inteke of

. radioactive materials by exposed popu-
- lation groups.

In order to provide gu.oanes tn the

.agencies in adapting the gridec &p-

proach to their own programs, toe
recommendations pertaining to the

_ specific radionuclides in this memoran.
@um consider three transient daily rates.
" of intake by suitable samples of exposed

population groups. For the other radio.

' puclides, the agencies can use the same |
-general! approach, the details-of which -

are considered in Stafl Repourt No. 2.
The general types of actior. appropriate

.when these transient rates of intake fall

into the different ranges are also dis-
cussed in Btafl Report No. 2. The pur-
pose of these actions is to provide reason-

anevy---4
population group. ave:. .

sample and averaged over perivd" ¢ . 1.
of the order of one year, do not exceed
the upper value of Range II. The gen-
era] character of these actions is sug-
gested in the following table.

A et e gyee— — -

average rates of

Tastz ﬁ—OIAbn 8CALES OF ACTION

Ranpe: of trandent

QOreded scale of action
Tels of daliy inteke

Range I ...........{ Pertodic

Renge T .........] Quantitstive survdhuu'e and
fouline coptrol.

Range III_..........] Evalustion and rpunuon of
sdditional contro! measures as
mecassary,

Recommendations on Jla-226, 1-131,
Sr-90, and Sr-89. ‘The Council has given
specific consideration to. the effects on
man of rates of intake of radium-226,
fodine-131, strontium-90 and strontium-
89 resulting in radiation doses egual to
those specified in the appropriate RPQ's.
The Council has also reviewed past and
current activities resulting in the release
of these radionuclides to the environment
and has given consideration to future
developments. For each of the nuclides
three ranges of transient daily intake are
given which correspond o the guidance
contained in Recommendation 2, above.
Routine control of useful applications of

_ radiation and atomic energy should be

such that expected average exposures of
suitable ramples of an exposed popula-
tion group will not exceed the upper
value of Range II. For jodine-131 and

radium-22., this value -corresponds to’

the RPG for the average of a suitable
sample of an exposed population group.
In the cases of strontium-80 and stron-
tium-89, the Council’s sfudy indicated

‘that there is currently no known opera-

tional requirement for an intake value
&; high as< the one corresponding the

C8EQ. Boile, s value estimated fo cor-

respond to doses to the critical organ not

greater than one-third of the RPG has

been used.

The guldance recommended below is
given in terms of transient rates of

‘(radioactivity) intake in micromicrocu.

ries per day, The upper limit of Range

10 is based on an annual RPG (or lower,

in case of radioactive strontium) consxd.
ered as an acceptable risk for a lifetime.
However, it is necessary to use averages
over periods much shorter than a life-
time for both radiation dose rates and
rates of intake for administrative and
rezulatory nurposes. It is recommended
1uac such --criods should be of the order
of orie year. It is to be noted that values
listed in the tables are much smaller
than any single intake from which an
individual might be expected to sust.am
injury. .

———— -

" fmoclude onty small children.

!t is recommended that:
(a) The following guidance on dafly

| inuke be adopted for normal peacetime

operations to be applied to the average
of suitable samples of an exposed popu-
lation group:

Tanrg ITT—Rancex oF TRaAnaEwr RaTes O Ity
(wicmovicrROCTRIEs FES DAY} vor Usr v Gxaprd

BCALE OF ACTIONS BNy mARIZED IN ’l amr 1L

Radionoctides | Ranpe 1| RangeII | Range ITI -
Radium-22¢...... 2 320 -0
Jodine-131 4. ... &-10 W-100 W=-], 00
Strontium-90. ... ' -0 S0-2.00
Stroptium-8v..... 0-260 | 2-2,000 | 2,000-, WO

$ In the case of fodine=131, the suituhle samjle wouid
For adults, the KPG fot
the thyvroid would pol be excerded by rates of inluke
:ghcv Ly & fuctor of 30 than those applicable to small

(b) Federal agencies determine con-
centrations of these radionuclides in air,
water, or items of food appliceble to
their particular programs whick are con-
sistent with the guidance contained
herein on average daily intake for the
radionuclides radium-22€, fodine-131,
strontium-80, and strontium-89%. Some
of the genersl considerations involved in
the derivation of concentration values
from intak: values are given in Stafl Re-
port No. 2. .

It is recommended that: *

4. For redionuclides not considered in
this report, agencies use concentration
values tn air, water, or items of food
which are consistent with recommended
Radlatfon Protection Guides and the
general guidance on intake.

In the future, the Council will direct
attention to the development of appro-
priate radiation protection guidance icr
those radionuclides for which such con-
sideration appears appropriate or neces-
sary. In particular, the Council will
study any radionuclides for which use-
ful applications of radiation or ailomic
energy require release to the environment
of significant amounts of these nuclides:.

" Federal agencies are urged to Inform

the Council of such situstions.

AsrAHAM RIBICOFT,
* Chairman,
Federal Raciation Council.

The recommendations numbered “1"
through *“4" contained in the above
memorandum are approved for the guid-
ance of Federai agencies, and the metio-
randum shall be published in the Fep-
ERAL REGISTER.

Joun F. KENNEDY,

SerTEMBER 20+ 1061,
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Table 9. Maximum Annual Dose Rate in mrem/y for a Living
Pattem Consisting of 100% Time on Eneu Island

Case When Imported Foods are Readily Available in the Diet

""Cs*”Sr‘

Ingestion External Gamma* Total
Bone Marrow 1w 20 141
Wholebody 100 20 120

Case wWhen Local Subsistence Crops are in Full Use

b ,CS"‘.".‘)J’

Ingestion External Gamma* Total
Bone Marrow 233 ) 20 253
¥holebody 189 20 209

’All food crops are from Eneu Island

*Natural background subtracted DOE ARCHIVES



Table 10. Maximum Annual Dose Rate {n mrem/y for a Living

Pattern Consisting of 80% time on Eneu Island and
20% time on Bikini Island

Case When Imported Foods are Readily Available in the Diet

137049 'Sr‘
Ingestfon External Gasma* ,
. 40t Exl
Bone Marrow 121 67 “q 32
Wholebody 100 67 44 32

Case When Local Subsistence Crops are in Full Use

©r o derpgeteget
Ingestion txternal Gamma*
Bone Marrow Z33 67 49 3=
WhoTlebody 189 67 Yy 35

Total
188
167

y ©
3 &

14
h

N

(l\'

ine
f017¢

65 137

14949 132

.
Poaty



Table 11. Maximum Annual Dose Rate in mrem/y for a Living
Pattern Consisting of 100% time on. Bikini Island

Case When Imported-Foods are Readily Available fn the Diet

137Cs4? 05

Ingestion External Gamma* Total
Bone Marrow 941 - 256 . 1,197« 1.2 ren/y
Wholebody an . 256 1,133 1.1 ren/y

Case When Local Subséstence Crops are in Full Use

1870490y
Ingestion External Gammat* Yotal

Bone Marrow 2013 256 2,269 = 2.3 rem/y

Wholebody 1849 256 2,105 = 2.1 rem/y

*ocal Background Substracted
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Table 12. 30-Year Integral Dose fn Rem for a Living Pattern
Consisting of 1002 time on Eneu Island and Imported

Foods Being Readily Available

:lngestion
1370

sr
2338200p,
;I
ipy i pg

External
Gamma

Total

Wholebody
2.25

0.433*

2.7

Bone Marrow
and Bone

2.25

0.70
00045
.0012

0.00058

0.433¢

3.4

*Based on an tnitial dose rate for Eneu Island of 20 mrem/y

and assumfng the entire dose is from 337Cs.
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Table 13. 30 YEAR INTEGRAL DOSE IN Rem FOR A LIVING PATTERN CONSISTING
OF 100X TIME ON ENEU ISLAND AND FOR FULL USE OF LOCAL SUBSISTENCE

CROPS. .

JNGESTION WHOLEBODY BONE_MARRONW_AND BONE
137 ¢s 4.25 4.25
’°Sr - ‘.s
2394280py - 0008
LT ™ - - .0021
™ . ' 0.0019
External Gamma 0.433¢ 0.433*

TOTAL 47 6.2

* Based on an ftitial dose rate for Eneu Island of 20 mrem/y and assuming

the entire dose {s from 137Cs.
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Table 14.

137 Cs

19.8

19.8

2.2

90 Sr

239+2NOPU

+00051

0013

AM

24]

241,
Pu/

241

5.54*

Extérnal Ganmma

25.3

TOTAL

* Based on an initial dose rate o

entire dose if from!27Cs,



Table 15. 30 YEAR INTEGRAL DOSE IN Rem FOR A LIVING PATTERN CONSISTING OF
100 £ TIME ON BIKINI ISLAND AND FULL USE OF LOCALLY GROWN SUBSISTENCE

CROPS.

INGESTION WHOL EBODY BONE MARROW AND BONE
137 ¢s 41,6 QN

’osr - 506
2394280 py - ,00094
281 Am - © 0024
281py /281 - ' -
External Gamma 5.54* 5.54*

TOTAL 47.1 52.8

* Based on an initial dose rate of 256 mrem per year and assuming that the

entire dose s from!37Cs,
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The Effects on Populations
of Exposure to Low Levels

of Ionizing Radiation

REPORT OF THE ADVISORY COMMITTEE
ON THE BIOLOGICAL EFFECTS OF
IONIZING RADIATIONS

DIVISION OF MEDICAL SCIENCES

NATIONAL ACADEMY OF SCIENCES
NATIONAL RESEARCH COUNCIL
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SUMMARY

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 biclogical risks of given develop-
ments, (b) a comparison of these risks with the
benefits to be gained, (¢) 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 aiter-
native options.

In the foreseeable future, the major contribu-
tors to radiation exposure of the population
will continue to be natural u&Cn“g“TOUhd with an
average whole- bod3 dose of about 100 mrem/
yesar, and medical appl.cations which now con-
tribute comparable exposures to various tis-

antae of tha hade
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under control or guidance by regulation or law

at nrocant Tha nea af \nrn'n'nrr radiatian
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medicine is of tremendous value but it is essen-

tial to reduce exmosures
t Xp

in
nmn

since thic can he ac-
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complished without loss of benefit and at rela-
tively low cost. The aim is not only to reduc

Vai. 23T &8 aa 22U VIS PP 2ERSLSLK

the radiation exposure to the individual but
also to have procedures carried out with maxi-
mum eﬁimenc) so that there can be a continu-
ing increase in medical benefits accompanied by
a minimum radiation exposure.

Concern about thk> nu:isar power industry
arises because of its potential magnitude and
widespread distribution. Based on experience
to date and present engineering 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

Vo osTuuLLY ©

@M 0.12.2

b

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) contro] of sabotage and di-
version of fissionable material, (d) avoidance of
catastrophic accidents.

The present Radiation Protection Guide for
the general population was based on genetic
considerations and conforms to the BEAR
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 Natu-
ral Background Radiation. Exposure to man-
made radiation below the level of background
radiation will 'pTOuute additional effects that
are less in quantxty and no different in kind

Fonn ¢hhne sy ekl a2 svasnismand and has

LI QI LIIUMT “IHL“ 1iari hﬂh CApElLITHLCU alld ias
been able to tolerate throughou t his history.
e

Rased mainlv on exneriments 1 studies in the

BOTL fsifiiil, Vis TApCI ental stu

mouse and Drosophzla and with some support
from observations of human popu]ations 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 vear (or 5 rem per
30-year reproduction generatlon) 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

DOE ARCHIVES



»

be about five-fold larger. Added to these would

he 2 esmaller number caused h‘ chramocomal
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defects and recessive diseases. (c) Risk Relative
to Current Prevalence of Serious Disahbilities
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In addition to those in (b) 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 (b) above, would be between 1100 and
27,000 per year at equilibrium (again, based on
3.6 million births). This would be about 0.75%
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 509 of ill-health
is proportional to the mutation rate. Using a
value of 209 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
gsomatic risks. However, this assumption can no
longer be made if linear non-threshold relation-
ships are accepled 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 estlmates have been made

hoaad an thic mram

-
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lation from the data from the A bomb survi-

vors 01 nlroésnima and ,Nagasa
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calculations based on these data fromirradiat-
ed humans lead to the prediction that addition-
al exposure of the U. S. population of 5 rem per
30 years could cauze from roughly 2,000 to

15, 000 cancer deaths annually, d
the ne:nmnhnnc used in the ecaleul

Commlttee considers the most likely st:mate
to be approximately 6,000 cancer deathﬁ an-

nually, an increase of about 2% in the sponta-
neous cancer death rate which is an increase of
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about 0.3% in the overall death rate from &

mancac
vauovo.

Given the estimctes for genetic and somatic
risk, the qu 'est on arises as to how thic infor-
mation can be used as a basis for radiatior
protection gu.d nce. Logically the guidance or
standards should be 1 ted to risk. Whethe:

we regard a risk as acceptable or not depends

on hovn avoidable it ls, 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

ebhimaald end oo USSR 3 a fau milliranas
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average annual dose to the entire U. S. popula-
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out of an effort to balance societal needs
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needs can be met with far lower average expo-

sures and 1nwnr onnof\r\ nhﬂ :nmnf\f\ r\nb 1}\9!‘\
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permitted by the current Radxatlon Protection
Guide. To this extent. the current Guide is un-

STLRIUT., 20 Sl CALTIIL Sa LIJT 22>

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

g
.

not be attempted the reductlon of small
risks even further at the cost of large

sums of money that spent otherwise,
would clearly produce greater benefit.
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d)

e)

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 injuryv 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 technigues and
optimal operation of radiation equipment.
Consideration should be given to the fol-
Jowing:

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

2) Inspection and licensing of radiation
and ancillary equipment.

3) 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 the . arious options avail-
able and the cost-eflectiveness of reducing
these risks. The quantifying of the “as low
as practicable” concept and consideration

g)

‘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

- acatastrophic accident leading to melting

of the core of a large nuclear reactor could
result in mortality comparabletothat of a
severe natural disaster. Hence extraordi-
nary efforts to minimize this risk are
clearly called for.

h) 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.

1) 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 sys-
tem to prevent potential problems from
developing?

j) 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 efliciencies of radiation as well
as further research on many aspects.
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pieast reey 1o Washington Office
FREEDOM OF INFORMATION ACT REQUEST

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. Jcridan:

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, Marshall 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.

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:

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

Please provide any and all records, documents,
reports and materials 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 egual 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:

"In 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 theoret1ca1
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.

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.

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
Island at Bikini Atoll," Robison, W.L. and
Phillips, W.A., UCRL-52775, 1979.

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 gquoted statement.

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
regquest.

. Mitchell

xc: Ruth C. Clusen
Bruce Wachholz
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