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Purpose:  Soil Survey

The 501 sempling program is des
éistribution of the activily of varic
ond Enev Islands of the Bikind Ktoll,
1o integrote this sempling program wi
duplicetion of effort. The actval nu
collection sites will be 8 function o
(2} future home-construction plons, (
aerfal survey results or eny other mo
cxposure rates, and (5) the number an
collected by other programs.

liethods and Yeasurements:

Two types of sofl sanples will be ¢ollected for snolysis:
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Folder
fgned to—determine—the grographicet—

Every possible effort will be ma&c
th previous programs to avoid undve
rber of samples and their specific
f (1) the expected activity levels,
3) future agricultursl plans, (4) the

asure of Lhe verishb{lity in the gammua
d Yocstfons of recent soil szmples

(1) »

15-cm-deep surface core ssmple of €0 cuf srea, and (2) & profile collection

based vpon sidewall sampling ip & trench in which samples of 100 o
ere coliected &1 15 cm depth increments to a totel depth of 90 cm. ,
purposes of planning the survey, Bikini Island vsy be divides into the north,

centrsl, &nd south sections along the

may be divided fnto the north snd south sections divided by the airstivip,
proximste numbers of surface snd profile samples Lo be collected within

ih

cse scctions sre shown {n Yeble Y,

ared
for .-

Encu

respective second base line roads, e
we

Note that & mejor fraction of the sur-

foce samples will be collected within the central section of Bikini Istend.
.Ihis 1s due to the relatively higher and nore varishle gsmms cxposure rates
tn this sres snd to the fact that 2 major fraction of the returntng Bikinisns

will most Vikely reside withfn this s
planned in this ares becsuse severe)
doring previous surveys,

ection. Only & few profile samples &re
samples have &lready been collecteo

The north and south sections of Bilkini lslend and

311 of Encu exhibit relatfvely lYower conteminstion levels; hence, the sampling

density s lower.

Specisl emphasis, however, will be given Lo the lagoon -

side of [newr since futyre homes wsy br erected in this eres.

Tohle 1. Humber of sot) semple locations on each island.
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The exsct soil sampling locations will sctuslly be determined by &

rendom selection process Lo obtafn stetisticelly meaningful &nd, ugbiascd
results. Specis) samples will also be collected within "hot spot™ areas
or other areas of specialized dnterest, The samples will be placed in
plastic bags with sppropriate tdentification tsgs and readied for shipment
to LLL, vhere they will undergo preprocessing and gamma-spectrs] snalysis.
1t is enticipsted that anslyses for other radionuciides of interest, such
as, plutonfum-239 and strontium-90, will be performed at 3 contractor
lzboratory. .

Purposc: Genms-Lxposure Rste Survey

The gsmns-ray exposure measurements program conducted on the ground is
desipned to supplement the [G8G aerial survey by providing deteiled
examination of the geographical varisbility of the exposure rates within
selective srcas, &nd to provide overall verification of #1) exposure rete

measurements made during this survey.

Hethods end Feasurements: ~

Yhe progrsm utildizes the Bzird-Atomic scintillation detector which
consists of & 2.5-cm-diem X 3.8~cm~1?n9 Hal crystal with ratemeter rezdovt.,
The {nstrument §s celfibrated with 8 '3/Cs point source on the primsry cslibre-
tion renge of the Natfonal Envirormenial Research Center, Las Vegas, Kevoda.
Khile the response of this instrument {s energy-dependent, our oxperience .
st Lnewetsk s?oyed that this was not & seriovs limitation because of the
dominance of 13/Cs {n the radiztion background on the atoll. He will 81s0
vtilize the Revter-Stokes high pressure {fonization chamber, The current
produced by the redistion induccd fonization within the chamber {s messvred
by & sensitive electrometer with digitsl rcadout. The instrument exhibits
a f1st energy response over 811 gsnma-ray cnergies of {nterest to this survey.
1t is cepeble of messuring exposure rates {rom sbout 1 pR/hr to 200 wR/hr with
sn sccurscy of about 5%, Thus, the results derived from this instrument may
be chosen 85 & reference to which measurements obtained by other techniques
con be compared, .

Heasurements of the exposure rete gt 1 m above the ground will be made
with the RaJ scintillator st each of the soil sampling locatfons on both
tslands. The fonization chamber will be primarily used for measurements
within the central section of Bikini Island with sdditionel measurements to
be made 5t Yhot spot" srcas revesled by the serfel survey, Thus, & foirly
comprichensive picture of the gsmms-ray cxposure rates will be avsflable for
both {slands from this progrsm for compsrison and validation of the aerial

survey results.,

Bikini-Ground Heter Program

Purpose: To establish a petwork of well locations on Bikini and Eneu Islands
n order to assess the ground weler quality and to systemztically study the
hydrology end geochemistry of radionvclides, major and troce elements in the
ground water systemn, Mater movenent end residence times will be assessed 10
deduce the transpor{ rates snd nechenisms for radionuclides deposited in the
sofl 20nc or taken up by vegetstion. .

. PDOE ARCHIVES



T e ek 3 3 £ ———

e —— —————

-
]

. \

: R e Ce O R LA . e RN, S Lttt | . .
et od gé-"‘if-‘xa—t‘;-ﬂ‘l.&i&vf&&rk'-A-xuf-'.ubwi'i-ak\,_ﬁT' R TRt 2 AR AT ihrn I

Pt — T

-4.

_ Kethods snd Mezsurements:

. Approximstely 7 holes will be drilled with & ground power suger at
selected Yocstions along the center 1ines of B{kini and Eneu 1slands.

Pits will be dug with » back hoe to a maximum depth since the ground water

reservior surfsce will be approximately 2 meters below the ground surface.

Ve must emphasize thet the progress of this program will be seriously hempered
i1 » back hoe {5 not svaflable to support our effort, The suger will pene-
{rate the Eround weter lens to & depth of spproximately 3 to 5 feet. Esch
hole wil) be cosed with slotied 2 diameter PYC pipe and the pipe wil) be
-extended to the sof) surface. The pit wil) be back f11led to essentislly

provide no environmentsl impsct on the sres. ‘

The Tirst hole will be located near the 4sland center. The sslinity of ‘
the water wi1l be measured with an fn-situ conductivity probe. 2 holes will
then be drilled to bracket the center hole &nd the salinity wil) be messured
in each. He w331 continve driliing up to 7 holes on each island procezding
in the direction toward the freshest indfcated ground water; this will ?rovide
the msxtnum nunber of well sites. having the freshest water for potentis
vtilizetion. Hster will be punped from the wells, filiered and sampicd.
Redionuciides, major elements, nutrients end bacteris rmeasurements will be
made &t the laborstory to provide dats for water quality. Specific wells
(to be defined fn the field) will be pumped continuously over a dasy &nd
serislly sempled, to follow the changes in water quality &s & function of
usege. Recommendetions will be made on the potentis) usefulness of the
ground wster reservior for agriculture, houschold or drinking purposes. Two
cYosely spaced wells, Yocéted in high Cs137 disturbed and undisturbed soils,
wil) be sampled to assess the impact of disturbed sofl coluras on the Yocal
ground wzter qu&lit{. So11 Yeaching and lysimeter experivents are also
planned. The well locotions, drilling and sempling, however, are our first
priorities during the two weeks allotted for this program.

Assessment of the fresh water residence Lime will be made from the dats.
The well network, once esteblished, will be available for resampling on sub-
scovent trips we plan to the Atoll to thoroughly assess the dynamics of
redionuciide cyciing in the ground water reservior and to raintsin &
surveillence on the weter quality. The program operstion will be fashioned
sfter our Enevetek ground water study snd comparison of the dsts from both
ttolls should be especially valvable for predicting the rechonisms and
rates of constitvents in ground water st Pacific ztolls, Tho U. of Hawatd
(. R. Buddemeier) will have the snalyticsl responsibidity for major clement
analysfs snd LLL (V. E. Noshkin) w{11 have tho responsibility for radionuclide
assecesment.  He will determine the concentrstions of Cs137, S$rs80, and
Plutonium in 811 samples by redio chemical techniques. Gsrms emitters present
in & ferr{c hydroxide precipitate, will be fdentified and the levels assessed
from the spectrometry dsts. Tritium will be measured on seiected semples.

Plant/S01l Spﬂp1{gg Program
Purpose: The mein thrust of the progr%m will be to determine radionuciide
concentrations in food species, to correlate these with sojl concentrations
et various depths, to determine.nuclide availebility to plsnts in the coral
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| - jes radfioactivity to other ind{genous
. sofls, and to relate the food-species t y The untque

non-food species which mey have {ndicator species potential.
informatfon that this survey will provide 1s:

1. Spil-to-plent, and soil-to-fruit concentration factors for
detectable redfonuclides.

2. The relationship between food species and non-food species
at the seme locstion.

3. The relatfonship between tota) sodl redioactivity and the
radfoactivity which {s &veilable to the plant in tin soil
solution st the time of sempling. .

4. The rcletsonship of vegetstion, sofl, soil wster, litter and humus
fn the oversll cycling of radionuclides fn mature food crops.

5. The retstfonship of lens water radioactivity to that in soil
water and plants groxing shove the lens zone in erder to determine
the rate of loss (time dependent $nformation) from the coral atoll

environment. -
6. Intra-{islend varisbility in vegetetion radfonuciide concentrations.

7. Supply the dets base for assessment of terrestrial food chain
trensfer of radivsctivity from the sofl to nen for long term dose
evaluation upon rehabi]?tation of the atoll,

o
F'.\'ﬂ.w-n'.. - Py

- HMethods and Meesurements:

, The sempling program will thercfore consist of {ntegrated sample series

R composed of food species and 501l profile ssmplies which wil) be obtained on

& an »d hoc, specfes svailsble basis. A broader senmpling proorsm which will

be based upon a widely svsilable species, probably Hesserschnidis or Scaevols,
i1l also be carried oul to determine the intra-islaend varietions in vegeta-
tfon redioactivity. These date will be valuable in recommending future
sgricultural sites snd to correlate with the broad sofl radioactivity survey

snd the serial survey, *

An sttempt will be made 10 correlate some sanplinn sites with the |
ground-water survey Lo provide dsta on the cycling of radionuctides at the
given site. A1l food species presently prowing and fruiting on Bikint will
be sampled in triplicaete {1 the quentity of materiasl permits. Sofl profiles
(2/tree) will be obtzined in the root zone of the tree sampled to determine
the concentration of redioactivity in the soil, the soil water and the
orgsnic fraction. A large sample of sofl (3 ko.) from the orgsnic zone of
the soil (1-30 cm. dcptgg will be taken to mske a lcaching reasurcnent of
5011 solution radfoactivity, Both leaves and fruit will be sampled 1o
permit leaf-to-fruft transfer cocfficiant; to be calcvlated. IJon-food
species will 81s0 be sampled in the vicinity of the food species {o provide
information on species veristion in radiopuciide upteke, ind to evaluste the
use of non-food species concéntrations in predictive assesswent of humsn
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fnteke whon no food products sre svaflable for snalysis. This approach was
vsed §n the Cnewetak survey becsuse of the paucily of food species on the

stoll.

This program slong with the ground water program will supply the data
base for assessing the long term dose committment via food cheins upon
e &t0)) and fnclusfon of coconut, pandanus fruit, bread-

fruit, bananas and pspayas in the dfet.
Bikint Air Sampling Program

.ggggggg: The concentrations of radionuclides in air st the Bikini Atoll

tre expected 10 be very low, therefore, the sir ssmpling program is designed

to enphasize the determinstion of the mass Yoading (conceniration of tota)
suspended perticulates) on the islends of Bikint and Eneu. The mass loading
spprosch hes been used in the past to predict the long torm expected con-
centration in &air of redionuciides (particulerly 233py) by use of the relation-

ship )
| (E%i) sof1 X (;%éﬁﬂ) air (%5}) air

This relationship assumes that 811 of the suspended particulate metter in
sir is derfved {rom the sofl surfecc and thut the aversge nass Yosding of the
staosphere 45 100 pg/m3. Both aSsumptions are belfeved to be conservetive
for sm311 Pacific §slands &s perhtrs & large part of the total suspended
porticulates may be derived from the ocean, and it 1s 1ikely that sctusl

1555 Yopdings are lower than 100 pg/m3 on these small {slands. To our
knowledge, hovever, such mass loading measurements hsve never been made.

The sir sampling program is designed to schieve the foliqwiﬁg objectives:

1. - tessure the dsdly mass loading with associated wind velocity
measyrenents. |

-—

2. 5easurc the concentrztion 4n air everaged over the totsl sampling
period of a11 gsmma-emitting radionuclides, 90Sr, 239py, and 241Anm,

3. Determine the distribution of these radionuciides and mass with
. perticlie sizc. )

4. Determine the pCi/a of totsl suspended perticulates, so that this
concentration mey be conpared to that of the sofl. :

Vethods and Messurenents:

The exsct details of how this w111 be eccomplished sre not definitive
¢t the present time because the aveilabilily of sempler housings and
oenerstors §s not precisely known, However, both the minimum progrem and
probeble maximum program con be fornwlated, Two types of semplers will be
uscd, 20 cfin coscade inmpactors and 60 c{m high-volume ssmplers. The cascsde
fipsctors will be operated continuously during the course of the study without
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8 change of the collection media. The filters for the high volume somplers

w111 be chenged daily. Gravimetric snalysis of &1V collection media will be
done in order to determine msss collection. The collection surfaces from

the céscade {mpactors will be submitted for radfonuciide .snalysis. The high :
volumez {{lters may be analyzed depending upon the emount of collected mass, -~
the results from the cascade impactors, and the priority for available funds.
Heasurements of wind velocity will be made end recorded on both Bikinf &nd

Eneu Istends; it 3s entfcipated that additional meteorologicsl measurements

will be avaflable from the USNS Chauvenet. Afr sempling will also be conducted
on the USKS Chauvenet, &nd will be used as “background" measurements.

The following sompler deployments Src anticipﬂted.
1. Kinfmum Program ' ST
--h, Bikini lslend:- 2 cascade {mpactors, 2 high-volume samplers. "’
B. Eney Islahd:' 1 cascédé 1mpaftor,'1'high-volunc sémpler. '
C. USKS Cheuvenet: 1 cascede {wpactor, 1 hfgh»volume sampler.
JH. Probsble Haximuni Program ‘ o ‘
A. Bikint Island: 2 r;ascade {mpactors, & hiéh«voiume samp\éf;.
B, Enew Jsland: 2 coscede impactorﬁ, 2 high-volume sémpfefs. .
C. USKS Chsuvenet: 2 csscede fmpsctors, 2 high-volume ;amﬁiers;

In addition, & feir persons! sir samplers may be worn by thosc personnel
antfcipated to experience the maximum dusty conditions while performing the . .

soi\ senmpling program,
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Bricf Summary of Medical Findings in the Marshallese /;??
“ ﬂé

Accidentally Exposed to Radioactive Fallout in 1954

The accidental exposure occurred on March 1, 1954 following detona-
tion of a thermonuclear devise on Bikini in the Pacific Proving Grounds.

A shift in wind resulted in fallout on the following inhabited island g’

Estimated
Island Distance from Bikini No. of People Garmma dose
Rongelap . 105 miles 64 175 rads
Ailingnae 110 » - 18 65
Rongerik 135 ¢ . 28* 70 "
Utirik 275 " 158 14 "

American Service men

There were no deaths but certain acute effects were noted, particularly
in the Rongelap people. Transcient depression of blood cells was follow-
ed by recovery to near normal levels by one year. Fallout deposited on
the body resulted in ékin burns and spotty loss of hair in the Rongelap,
Ailingnae and Rongerik groups. The burns healed and the hair regrew with-
out complications in several months. Urine analyses revealed that inter-
nal absorption of radioactive material had occurred from inhalation and
ingestion of contaminated food and water but no acute effects were ob-
served from this source (as will be seen below late effects did occur).
Follow-up examinations during the first decade showed few findings
that could be related to radiation exposure. Possibly relateé was the

occurrence of about twice the number of miscarriages and stillbirths

in the exposed compared with unexpocsed Rongelap women. This differ-

- ¢ frer 5 .
ence was not seen after 5 years DOE ARCHIVES
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During the second decade there have been more serious developments.
Some Rongelap children showed growth retardation which was later realized
to be associated with a hypothyroid condition due to radiation injury to
the thyroid gland largely from radioactive iodine absorbed at the time
of the fallout., The thyroid dose was estimated to be 335 rads for
Rongelap -adults and 700-1400 rads for children, the higher dose in child-
ren being due to the smaller size of their thyroid glands.

In 1963 ;umors of the thyroid began to appear in Rongelap children
and to a lesser extent in adults. These tumors have continued to develop
in ensuing years until at the present time 29 of 86 Rongelap and Ailingnae

people (about 1/3) have developed abnormalities of the thyroid gland, the

majority in children.

_ Age at Thyroid

Group Exposure No. Abnormalities Surgery Canicer

Rongelap < 10 22% 18 (82%) . 16 1

| > 10 45 5 (11%) 4 2

Ailingnae <10 7 2 (29%) 0

> 10 12 4 (36%) 3 0

Combined <10 29 20 (707) 17 1

< 10 86 29 (347) 7 2

* 3 of these were exposed in utero, one of whom had non-malignant
thyroid tumors removed. -

DOE ARCHIVES

1 of these was exposed in utero.
i
The table shows that 24 have had thyroid surgery in the United States wich
three of the tumors proving to be cancer. No recurrence of tumors has been nored

following surgery. A low incidence of thyroid tumors has also been noted

in the unexposed Rongelap control and in the low exposure Utirik groups.



;—' /“ - {/

-3 -

The exposed Rongelap people have been treated with thyroid hormone
for the past 10 years and this treatment has successfull& maintained nor-
mal thyroid status in the affected people and enhanced growth and develop=-
ment in retarded children.

In 1972 a 19 year old Rongelap man who had been exposed at one year
of age died of acute leukemia in spite of ®¥e extensive treatment at the
Clinical Center of the Nationai1%;;;;;;&i;2;é;éé. The illness may have
been induced 5y radiation.

The annual medical examinations of the exposed Marshallese people
continue with a team of highly qualified medical specialists. 1In addi-
tion we now have a resident physician stationed in the Marshall Islands
who makes at lcantiquartcrly visite for health care to the exposed

people on the outer islands.
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