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6.1 lNTRODUCTIOX

The eSlimation of local and regIonal doses resulling from environmental
relea.... f,om nuclear weaponllem conducted at lhe main nuclear lest site, is
discusw! in 'his chapler. Global doses. as eslimate<! by UNSCEAR for allthe
le'I' from all nuclear lesl sites. are also presentM

The main nodear le,t 'ite' that a", considered are: the Nevada Test Site and
{he Pacific Grounds for lh. explo'ions carried ouI b; the USA. S<rn.ipalatimk
and No,-aya Zemlya for the fONn'" USSR. lob Nor for China. MUluro. and
Fangataufa for France. and AUSlra)ian ,ires for Ih. UK

The stalUS of doS' r~n'truct;on at these nuclear lest sit..,; is fim des<nbed
in general terms. More lechnical >ections then address specifically:

l. the mdlvidual doses from e."emal irradiation:
2. lhe individual do.., from inlernal irradiation,

The nature and amount of infocrnation lhal are a"ailable vary according 10 lhe
nudear lest site thaI is considered. Although errons ha"e bern made in thi'
chapter to prosect simIlar informalion for all nudear lest sit..,;. this has nol
alwa;s bern possible.

The wartIme e,plosions al Hiroshima and Nagasaki are considered 10 be
beyond lhe ,,"ope of lhis repon,

6,2 NEVADA TEST SITE (USA)

The USA began almo,pheric lesting of nudear."',eapon,-relale<! de'ices althe
Ne"ada Test Site (NTS) on 21 January 1951, Tesling conlonued inlerminenIly
until 5 Augu't 1%3 when lhe USA signed lhe Limiled Tesl Ban Treaty
prohibiting the tesling of nuclear weapons in the almosphere. underv..aler. or
In oulet space (US DOE. 1994). Dunng lhe period of almospheric lesling, 105
t..,;ts were conducled abo,.. ground surface., the "TS and 14 Nher lests "..ere
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at depths where ,onlainmenl was not expected (Church et al, 1990). The total
energy yield of lhe...xplo,ion. wa, approximately I Ml of TNT-equi\ alent
nplo'i'-. enorgy, Mo" of 'he atmo,pheric r.lea~, of radiooeliw malerials.
including about 5 EBq of Ill] and 6 PBq of ,-"C,. look place in lest series
conduetro;n 1951. 1952. 1953. 1955. and 1957.

In addition. approximately 800 lem. conducted undorvound since 1951.
we~ dos,gn<:<I for ."n>a,om""l of radi""c,i,"<, debn.: 38 of these: had rdeaS<'S of
radioaCl;ve material. lhal "-er<: SJrulJl in comparison wilh Ihose of Ihe atmo­
.pheric le,lS, bUI,uffi<1enl to be detected by monilonng equipm<:nlloca,td "fT.
'ito (US DOE. 1994).

6.2.1 SlalU'l of dow rttOflStru<tiOll

Public concern began 10 .urf.ce in 1953. when ""eral detonations of the
Upshot Knothole ,<,I ",00 led to conoiderabl< falkml 10 the n"fih and eaSt
of the test site. and continued to build during lhe late 1950s and earl}' 1960s
(Church., aI., 1990). Congressional hearings were held in 1957. 1959. and 1%3
to evaluate the impact on the public from fallout of nuclear e,plosions (US
Congress, 1957, 1959, 1%3), Allhough estimated doses to local populations
from e,ternal irradiation. reported by Dunning ,n 19~9, .."«e low and ofhnle,
if an}'. local concern. the preci.. magnitude and uncertainty of those: e,po.ures
were nol .."ell establi'hed during the 1960s and 1970., Public action groups
.."e.. formed to seek Federal Government ..hef for 'fallout \ictim'-. and
Congressional RepresentatIves from the States of Utah and Ne,..da began
propo,ing legi,lat;ve ..lief for persons ,ulfering from cancers aUegedly cau>ed
by' radialion. By the late 1970., hundreds of damage claim' had been filed "'ith
the US Government alleging that iUnesse>. primaril}' cancers. resulted from
nuclear lesting acti';lies at the NTS, The publication of one: particular epi.
demiological stud}' (l}on n aI.• 1979) implied a causal relalionship between
radioacti"e fallout depo,"ion and childhood leukemia. Public personalilies
and som< scient;'l' que'lioned the ..habilit}' of e,J>OSu" estimates pro,'ided in
1959. especially a. doses from internal irradiation had not been con'idered.
The....'ent' and concern, prompled the need for a thorough "",,'aluation of
radiation "p"'ure' to the public rrom rallout produced by nuclear detOnalion'
althe NTIi (Church n al" 1990: Whicker n alu 1996). In the 1980s. fOUT major
dose·reconstrucuon >ludies were undertaken: these studies are no'" completed.

The rour major dose recomtruction 5ludies are known as:

I. the Off·s"e Radlali¢n Exposure Review Project (ORERP) study oflhe US
Deparune:m of Energ; (DOE):

2. lhe Ulah leukemia ca..~mrol stud}',
3. the Utah thyroid cohort stud~:

4. the National Cancer Institute (NCI) faU¢ut >Iud}'.
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The firsl three studi"" are concerned wilh doses rece"'ed by 'local' populalions
(less lhan 800 km from lhe NTS). whereas the fOUMh 'tudy deals with the
e'timalion of th)'roid doses rece;,-ed by populations across lhe continental
USA. In all of Ihese sludi"". uncert.o.inly ""timates "ere atlached 10 the calcu­
laled doses_ The ilt'Cond and third studies "'ere COndl>Cled in lhe framework of
epidemiological sludies (Land. 1996)_

6.1/ I TM ORERP Sludr qf DOE

In 1979. DOE eslablished the OlT_';le Radialion Exposure Review Projccl
(ORERP) to:

collCCl and Mganize alOne cenlrallocalion all rel",anl document' and
dala pertaining 10 falloul in the olT-sile area and make lhese documents
a"I;labie to lhe public:
produce a dosimetric re""'alualion of the off·site area chameleriled by
region. communityllocak. and age/occupation (Church., al_, (990)-

A methodology",... de,-elope<! by the ORERP to model doses to individuals
resulting from specific NTS ",·ent•. This methodology is based on lhe estab­
lishmenl of dalaba... conlaining. for each Iocalion of interest. an ""limale of
Ihe exposure rate at 12 h after each event (H + 121 along wilh lhe estimaled
\lme of arri'al (TOA) of the falioul at lhal localion. Measured and calculated
relation,hips between exposure rale and relati'" amounts of each fission and
aeti,-ation product for each NTS ""enl as a fUnClion of time afler the esplosion
(Hick,. 1981. 1982) were then used to eslimate the deposition per unit area of
ground (also called depo,ilion den,il}') of each rnd'onudide_ These expo,ure
rates and deposition-<lensity estimates were used both to calculate external
dose, and to eslimate doses from internal irradiation based On en'-Ironmental
transpon model•.

The firsl pha... of the ORERP. designaled a, Pha... l. was performed al
locations "ith;n approximately 300 km oflhe NTS. where ground·monitoring
personnel mea,ured gamma espo,ure rales follo",ing nuclear e,-ent" These
,ur'-ey'meter readin~. along "ith available fallout pattern,. were used to
compile lhe To".... Data Ra.... with 1910 =ords ,n'ol'ing 74 ",-enlS al 353
localions (Thompson n al,. 1994). Each record in the Town Data Rase con­
la,n, Ihe '-alues and esUmate$ of uncenainues for H - 12 exposure rale and
fallout arri,-aJ time for an e'ent at a given location (Thompson. 1990).

The second pha... of the ORERP. designated as Phase II. included the $ta1<1 of
Arizona. 1'\'...... Mexico. 1\OIada. and Utah (excluding areas in lhe Pha... I study
region). southeaSlern California, ",-.stem Colorado. southern Idaho, south­
eastern Oregon. and southwestern Wyoming. An analogue of lhe Town Dala
Base. Ihe County Data Base (COB), wa' de'-eloped for the 142 counUes and
county segments that are pan of the Pha... II sludy regIon (Beck and Anspaugh.
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1991). The COUDI)' Data Ba5e was conltructed From !l'Cs deposilion-den~il}'

",,;mates for each of the 142 counli", and counlY segment. for each ",IS .'-em
th.1 depooired .illnificam fallout in lhal county, The manner in which the TDB
and Ih. COB ha"e bttn prepart:d has lxtn dcscnbW '0 dela;1 by Bc<;k (19'96).

O<>..s From external irradiation were calculated 'lOchastically using Monte
Carlo te<:hniqU<1 for nine age!<=upation catt$ones for each Phase [location!
.'col combination in the To"'o Data Ba", and for each countyl.,-cnt ",m·
binalion in lh. Countj Dala Base (Henderson and Smale, 1990).

Doses from internal irradiation "'"re estimated using the PATHWAY model
(Whicker and KIrchner. 1981). The modelling approach used .tate-<lf·lhe·an
dynamic models and sito.'pecific data on agricultural. Iif<Sl)k and <o,'roo_
mental ,ranspon paramctffl. Where possIble. model pr<:<!ictions w~", t~,t<:<!

again'l actual, independenl data sel' prior 10 u'" for lhi' analysi" Compu.
lation, "'~re c~m<:<! OUI for 15 S6S l0c0lion/.,'.nl rombinalion" 20 radio­
nuclides. four age cia,..., and 22 organ" L:ncenaimies in dala and mod~1

param~lers wcre propagal<:<!lo do'" ",timal'" uSing Monle Carlo 'imulation
lechniques, The ,hapes and magnitude, of uncertaimy distribution' of the
parameler values lhal ...... used in lh. model' ...cre "'limaled based upon
~xlen,i,'~ lit~ralu", "'arches, the elicitalion of «pen opinion, and lhe judg­
menl of the InvesugatoN_ The radionucbdc concenlralions in foodStuff•. the
human imake' of radionuclides, ~nd lh~ resulting ~S\imaled radiation doses
...... lypically best d~bed as lognormal distributIon" Therefore. medians or
geometric means (GM) and geomelric standard lknations iGSD} we,.. used a,
lhe d~ptors for cenmll tcnd~ncy and disper<lon. r.specli,-dy. of lhe radIO­
nuelide roncemralion' in foodstuff" of lh~ human imakes, and of th~

eStlmaled doses (Kirchner~, 1'1.. 1996: Whick~r., al,. 1996).

6.1.U TIt. Ulah Leukemia CaJe-mIIl.al Siudy

The Ulah leukcml~ ca".-<,omrol Sludy. ",hich was funded by lh. Nalional
Cancer lnstitule. "'-a, designed to te" earli~r obse".ations (Lyon CI al" 1979:
Machado er a/.. 1987) lhal seemed to ,ndicale an excess ofchildhood I.ukemla
in soul~m Utah fol1o"'ing atmosp~ric lesling of nuc~ar ""eapons at lh~

1\'TS, A subject's inelu'ion in lhe leukemia "ud}', e"her as a ca", or a, a
oon,rol. ....as based on lh. following criteria:

I. a date of birth prior to 1 No,=ber 1958. as hsted in the records of l~
Church of Jesus Chnst of Lauer.Day Sain" (LOS):

2, a date of dealh betw""n 1 January 1952 and 31 December 1981, as indio
caled on a Utah death certificale (Sle' ens" al.. 1990: Simon n al.• 1995).

Cases con,iSled of all indi,-jdual, ""ho meIth.... criteria and died of leukemia:
1177 cases "'..,.. idenufi<:<!. A rontrol population of 5330 subjeclS was seJ..,ted
randomly from deceased Ulah residen" and ""ere matched by age. sex, and
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year of death, Information on the residence of the ,ubject' durinl\ tbe period
was made a,-.ilahle h}' Ihe LDS Chureh f<om i15 r«ords exclusively for thi'
an.I~"i', Therefore.• emerion for inclusion in Ihis study was membership in
Ihal church,

The tissue of inlerest for leukemia is lbe ""ti"e hone marrow, When aU
pathway.. of exposure are considered, external irradiation from radi<>nuclides
deposited on the wound prtSCnt b~' far tbe most importanl dose COntribulion
to the acti"e marrow (Beck and Krey. 1983). ACli'e marro'" doses from
external irradiation ""ere calculated for an of the 1177 cases and 5330 controls
included in the study, The information nece.... ry 10 perform those calculations
include"

1_ the resIdence hislOI) of all indi'idu.als considered;
2, the lemporal '-analion of the e.posure rateS at each location where the

cases and controls re>ide<.! durin8 Ihe exposure period;
3. an age-<lependent con'ersion coefficient from ",posure rate to aCIl\"C

martOW dose;
4. shielding factors accountin~ for the fact that people spend most of their

lime indoors where exposure rates are lower than in the open.

The dosimetry melhodolol\} "'-''' ba>ed on the 1\\'0 ORERP databases (lhe
TDB and the COB). ,,-hieh pro,ide estimates of e'posure rates oUldoors at
12 h post·<letonalion as "en as tbe lime of arri,..1of the falioul cioud at each
location. "'ilh their associate<.! uncertainties. The >ariation "'ilh time of the
exposure rale had alw bttn estimated by Hicks (1982) for each NTS e"ent
within the framework of the ORERP, A residencr histN" database was cOn­
structed for all individual. oonsidere<.! ",ing mainl) the ~a,"" Membe"hip
File and the Church Census Record of the LDS Church. although .upple­
mentary information was pro, ided by telephone and CIlY ditCCIories (Simon er
01.. 1995). Con'''rsion coefficient' from exposure to acti'e marrow dose and
shieldinl\ faCIO" "'''re taken from lhe literature (Simon., 01.. 1995)_ The dose
assIgnment for the 6S07 subjects in lhe case-conlrol 'tud~ is one of the mosl
comprehen,i,'e and detailed e,er assen1blW for an lnl'esllgation of radiation_
indut'N leukemia,

6,11.3 TIle Utah Thyroid Cohorr Study

The Utah th)'roid cohort 'ludy..... hich ""as also funded by the National Cancer
In'titute, was a follow.up [0 a Stud}' COndUCIe<.! in 1965- 1970 by the Bureau of
Radiolopeal Hahh. in which children li,'inl\ in Wa,hington County, Utah,
and Lincoln Count). ,",nada. had been examined for the presencr of thyroid
abnormalilies. and children of Graham Count). Ariwna. had bttn used as a
comrol group (RallilOn el al.. 1974), The Utah th~'roid rohon study con'isted
of local;nl\ the same cohon of subjects idemified in the 1965-1970 slndy and of
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!'eo(xamining them fOT the presence of Ih}'Toid neop\aSlll§ and other lh}'TOid
di",a>e. Altogethtl. doses WC'" assigned for 3S4S .ubJeCls. of ,,-hich 3122 W"C1'e
re-examined (fill e, al.. (995),

ThyToid dOSl:s from :-.:TS fallout ace mainly duc 10 lhe consumption of
food'lutTs oonlaminale<! ,,'ilh 1)11, ..-jtb other. minor, contributions rtSulling
<SS<':nlially (rom th. oonsumPlion of foodstuffs comaminated "ilh "'I. from
external irradiation from fallout activity del'O"ited on lhe gmund. and from
inhalation of ai, comaminaled wilh bolh Illl and "'I. Because of lhe smaller
rna,. of their thyroid gland. child...n retti,.., highrr doses than aduhs for a
gi'cn intake of '" L The consumption of fresh 00"'. mill u,uall)" acroom, for
most of the dose because milk is consumed regularly and;n large amounl' and
~ause of its sho" shelf liCc. OIber foodstuffs with .hort Shelf Iif•. such as
leafy 'egetables. may also contribute significantly to the thyroid dooe. The
,"Formation~I) tocakulate the Ih}wid dooes recei"ed from ingestion by
all indi"iduals in Ihe cohort includes'

I. the depo>ition densities of 1)11 and 1))1:

2. the transfer coefficients from the deposition densities to the radionuclide
<:oncentration, in co"'s m~k and other imporlant roodSluIT,:

) 'he dietary and liFesl)le h.a.bits "f aU indi,iduals in Ihe coh"n;
4 the thyroid dose codliciems.

The depo>Ili"n ...lImales were "btained u,ing 'he OR ERP methodolo!}' and
the Iwo ORERP depo,ition databases. supplemented "';tb an additional
database. the Chher locations Database. specifically de,-e1"ped fo' Ihi, stud)_
Depo>ilion eslimates were ascenained for 5804 locations of subject l'e'iidences
andlor locati"ns of milk producers_ The lran,fer coefli(ients from the deposi.
tion densilies to Ihe radionuclide concentralion, in co"'s milk. goats milk. and
leafy '-egetables we.. oblalned usmg a Sulle of models and a su,-,.'ey of dai')'
management praclices (Simon" ul.. l~)_ A di.,. lir...tyle. and l'e'iidenct
bistory survey was conducted to obtain specifIC information on the milk con·
sumption rat.... the frequency ofconsumption of kaf) ,..,getables. tb. source of
milk and wgetables. a> well .. on l'e'iid"""" li",o')' Finally. 'he a~specific

thyroid dose coefficients "-ere based on literature dala.

62./,4 Th~ ,,'CI Falloul SlwlJ'

The N'CI fallout otudy consISts. in pan. oran asses,ment ortbe expo>ure oflhe
American people to 1"1 to fallout originaltog fr"m th. NTS (Wachholz. 1990)
Thi' 'tudy is carried out in response to Public Law 97-414. Section i(a)...'hich
sels fonh Ihr« requiremrnt!:

(I) oonduel tcicntir;" researeh .Dd prepare lnal)'"", oecessary to ,;e..'elop ,..hd
IDd on:dil>le '''''''''''''llS of ,be ri'ks of lllyroid <once, 'hal Ire a>so<iated ""h
Ih)'r<»d doses of tod;ne 131,
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(2) a>odll<'l .......lifi< mean:b ond~ aul)-~ 10 1lt>..1op '-a!Jd
ond credible IDrthodi '0 .'''''''''. 'Ilo "'1-.....1_ cllod"'" DI Wl:or< ......'od
b) oodJ'iduak from o..::ItM bomb I"doIll;

ill a>odll<'l _"fx' fefftrtll ond -"aul)_~ to Ilt>dop '"Obd
ondcttdible .,,= n.. dthe ..~ '" 1_ 131 thai the AmencaJr, JlCI"I*
....,.,.."" from the "c>-ada .'='1 t Ie __ .......

The cstim.atioD of \he oposurt atld IIl)TOId c;So,.,. r=:j,ed b) the Ament::an
pcoplo as a n::<Ul1 of n'l f.IIou' from the :"'TS has been compkted Cl'CI. 199~1
F...... in& the ' ............ndallOM of tilt ..nlOOrY comntJu,,", W' t$U.bo
b.tlcd 10 _ tilt "'"Cion addrtSilllllllo<: t&Ih. lIlyroid doocs eswMled
ror f<'I'l"C"CDtau... iDdi.,-,dual< III t'adl of tbe .I'J'f'W'I""dj 3100 COIUIUOS of the
con"l"""'" USA ror eacb ~_I.I the ''TS WI resulted iD sipific:anl fallouI_
upoou..... 10 "'I,n fallout """",f<! lIUItnly from tilt pti!ute--al'll miD: food·
chain_ Other. Je.s importanl nposurt roulCO (inhalatioD of IJ'I<OI\tamlUtfd
&If. and inJ"Slion ofrood.5tuff. Olller IIwt fmh <:000"5 mIlk) a.... aho~
bul III amuch n d<uiJed maOlltl". In lbe usnomml oftMnposum from tilt
~>1urt---<:oW-milkfoodo;haut. Ktima..... '" "",d< of:

I. lh. acti"i~of '" I t\cp<:ffilf<! on ...,,1 .nd 'tI"'alion:
2. lbe ilI110unl of 'Jtl COOlumed by da,ry ""'"5 and Ihe .....ultml "'I con·

cmlf1lI'ons in oow, milk;
3 1M "'[ ingesled by people;
4 Ih. absorb«! dose< from '1'[ on Ih. Ihj'ro,ds of p«>ple (80u,'ille tl a/,.

1990).

Con""ptually. this Study is -ery limilar to rho ORERP Iludy (as far as the
""imalion of thyroid dol'S from' "I "con""rned) and to lh. do'imetric efforl
relaled 10 Ih. Utah Ih}'roid cohorl Illldy. Th. basic d,fferenetS bet"...n Ih.
lh .... Iludi... are IMl:

in lhe l\CI falloul lIudj. lh< popul.liofll acros>lh. oonhguou. USA a",
con<idc-red....herea., lbe olher IWO lIlld.., deal only "ilh p«>pIc: residlnl ,n
a f"" .tat.. in the 'lCln"j oflhe N~-ada T.., S"c:

2. lhy1"01d do<c:s in tbe ORERP Sll>dy and in the SCI faUoul stlldy arc
a""sed for "'~tau'e. unspecified indi,idual.. ,,'hcras Ih)TOid doteS
'0 ",""ufied D>dJ'idual> are num:alf<! m 1M l.'tah .hyroid ""hon $tlldy

Special cfToru ....... made 10~ tilt dcpo<.ItioD of n'l IoCI'OM tilt
USA for cacb lOpt,6can, e'ot1ll al tile l"~-ada Tcst Sne. BIL (Ett"l'OIUltlOtW
M.......-m>ctll'l Labonttoryl I"ftI1Dlld-fiIm data ooIlcctcd bent..... 19S1 aDd
19S! ftom the 40 to 95 _lOfUlIlOUS Ioc:ated Ihrouibo<tl the COUll'!)" al WI
umc ....... It§Cd 10 c:akuIa.. csllmatn of d:aJlr dc-p<::$tiolll;, of n'l a' thoosc Illes
(Beclt el 111_ 1990). Dcpo>Il>C)II of '''I bet....... IDOIlIlorin! ..lC:l; ..-u <Wmalf<!

b) m\C1ll'Obtioo I15iIll Pf'Kip.talioa data aDd appropriate otistic:al tedt-
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niques, especially kriging (Gogolak fl aL 1988). for those [em durioa which
lh. gummod-film network "'" not in place (i", dunng lh~ Ranger lesl sc:ries in
1951 and for l..ls ... rrio<! oul afl.r 1958). an almospheric di,persion and
d.posilion mod.1 wa' de\Olopo<! 10 pro"ide "Iimal.. or OJ'I during lhose 1..IS
in lh. areaS (>flh~ LSA when: rainfall coincided wilh lho pa""go Oflho fallout
eloud (Hoecker and Maehta, 1990). In adduion. lhe ORERP mimates w.r.
usod for localion. in th. 'icinily of Ih. 1'I."ada Test Sil.,

Th. a......ment of th. thyroid dosos abo nOtt>sit~l.d information On th.
paStun: pr.<clices. milk dislribution. and con,umplion in th. contin.ntal USA
in lh. 19SOs. S~ial 'UTW)'s. along with .,;t.ns,,'. Iit.ralun: se:arches. w-en:
caniod out for tbat purposc: (Dr6cer n al.. 1990).

6.2.2 lotal and r~lon.1 dose< from exltrnal Irradial;""

Do... from txt.rn.1 irradi.tion ha". onlj l>oen ..tim.lo<! by lh. ORERP for
tho populalion, of th~ Phase: 1 and Pha... 11 ar~a" lIi'toriea.! ,...ul~ for lh~

Pha.. I an:a ha"~ l>oen compilod and analj;ed bj Anspaugh and Church
(1986) and by An,pau@hnal, (1990) 10 ..timate lh. eumulati," collocti'e and
indi"ldual •.'P"Su"" bj ,h~ communily in tha' r~glon. The resuh~ ~re

pr...mo<! in Table' 6,1 and 6.2; the tOlal eoUecti," ",,,,,,un: i' e'timatod 10 be
about 80000 porson.R. ,h. mos, imponan, ~onlnbution~being du~ (0 the tesl
serio; of 1953 and 1955 Most of the exposure, w.n: kM than 0,5 R (J.3 mGy)
and w~n: C'SSellllall; due to shon-li,'od radionudides (with a Iullf·life of los>
than 100 day,)

Thompson ~I ~I. (1994) used lhose: hi~to,,~al rttOrd~ and th~ published
fallout pau~rn, to prepare th~ Town Data Ba... "hieh pro.'id.. e'timat.. of
eAposun: rate at H - l:l and or falioUl am",J ume for 74 nudtar n<lllS and
353 location' of inle""t in tho Pha.. I area. A 'imilar errOrl wa, c.arried oul for
Ihe Ph.. II an:a and n:~uhed in lilt Coun,y Data fuse: (Ik<:k "nd Anspaugh.
1991). These t..'o d.laba.... used in conjunction ,,'ilh tho radionuclide
di~tribulions publi~hed by Hicks (1981), allo.. estimales of th~ d~fIO';lion

densily of all signific.nt radionuclid.,. productd by eaeh 1'o'TS e'·em 10 be made
for any localion in the Ph.>e 1 and the Pha>e II areaS.

U,ing lho TO"l1 Dau Base and taking imo .ccountthe amount of ,hi~lding

arrordod by Structures for mn~ generic lireslyl... Henderson and Smale (1990).
within th~ framrnork of th~ ORERP. d~ri\"ed eslimat.., fo,"

I. whole·body and 'kin do,"" due to g.mma ray, emitto<! by lhe radio.cti"e
m.t~rial, deposited on tho ground:

2. skin doses due '0 bela panIcles .mllled b, r.dlO'c",·~product' d~positN
on tho skin;

3. skin d~ due to bel" panicles nnitled b,' (he radioacl"'e malenals
deposito<! on lhe ground,
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Tobie ~.1 Cumula';\< collect;v< «,ima,ed extomol exp<>sute
by ,<>t ",ric••nd 'im< perioo (based on An.pouih "01.. 199(1).

Colle.;t;'·e e.'p<>sure
(pcrson-R)

'"

Roni'r
Bu"<r·Jan~1<
Tumbl<r.Snappcr
Ul"hot.Kn'''hol<
T"PO'
Plumbbob
Hardtack 11
se,~ral

Many
Total (rounded)

1951
1951
1951
1953
1955
1957
19~8

1%1-1%3
1963 1975

Sm.lI

.""00
~~
,,~

,,~

"00".,W
~8000

T.bI. 6.2 Distribu'ion of indi,·;du.1 cumulali.·o o'p<>sure> dunni 'h ....
,;mo pcnod' (An ,poup " al.• 199(1),

hp<>surr rang< (R) 1951 to 1958 1961 '0 196, 1963 to 1975

<0.01 to OJ ,,~ 180000 'W~
OJ 100.S ""~ ~ "0.5 10 \.0 ,,~ " •1.0 '0 S,O 20000 " •5.0 '0 10.0 'W " •10,0 to IS.O " " •To,.1 (rounded) ,w~ 180000 'W~

Organ and retal dose csnmar<' ",-ere alw calculaled. The nine life<lyl... con·
sidered included four adu!! lifeslyles c1a"ified accordinillo Ih~ Iype of occupa·
lion' homemak~r_~mplo) ed indoors ($<;hool t~acher. sale' derk. ele.), employed
outdoors (farmer. lelephone linesman. ~IC,). and sliepherd (assumed 10 be full
tim~ OUldoor,). The orher he Iif~\t)'lcs",ere age--dependenl: newborn (birth to 4
mOnlhs). infanl (4 mOnlhs to I y). pre-school child (I 106 YJ. elememary 'ludem
(6 to 12 y). and sec<>ndar) Studenl (12 ro 19 y), The reiul" $how. a\ e'p""-'ted. lhal
lhe greal~r "'hole-bod) doses from ~'lernal irradiation are recei.ed by people
spendmg all or most of the" "me ouldoo.-s (Hend~fWn and Smale. 1990). For a
g\"en plaee of ""idenee. ho"e'er. lhe differenees in lhe "'hole-body doses
re<...,,-.d b}' p<rwn, in the nme lifeslyle calegories are relatlyely small.

Estimale, of bone-marro" dose' for lhe 6S07 'tudy 'UbjeclS of lh~ Utah
cas<:-conlcol study "'..re abo deri"ed from rhe Town Data Ba'" and from llie
Counly Data Base (lIo)d el al,. 1990; Sle"ens el al.• 1990: Simon 'I ~/., 1995).
In the conver<;;on from expo,ure 10 dose. an age·dependent con"ffiion faclor
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T.... U l.:Lilb ~ll'ol S100y:~· oflCl"'t IIlilTO'I
...... (mV)1 for MOl ..<>dy .u\>J<cU (Simon ~llllll.• 199"

c_ C~_ 0",.,
\l"",, dooe 2.9 ,- a
M_dooe 3.~ " H
Mod< " " "Mm • • •
M~ • ~ ~

T_U c-.r- 01 npoollft ........ (R, obuiDod by •....-lIlC\hodsl""-1
OIl lbobI .. fill. Ii",", nd OIl Uord .. 01. (19'!1O '. no. _ rdn 10 """""""

Ioca""'" aid _1D1<p1l1<d f... '- otllTJ\oI otr.-' ................

~- Sool c.' "-"".. S"","," ......... Iln.:k TL

E!). :'Io"V OJ ,,
HUJTicaD<. ur " ,. ..
Kaoab.. UT .- 2.J ~.9
La vema.. ur " " "Lu\'qu, SV •., •.,
~m " "So1lI' G«q<. LT U " 6.~

Sal! Lal. G'). UT ,: l.Z
Wa.m"l'OIl. ur 2( " ~.9

• E>.poo..... booool oft _11 or "'0",000 (8«• ..., Kr<). ,ft})
Expooum _ oft Prrti... or t<>UI bou. dcPOO;l>Ofl .....,""'" "';,h ,.....,...:I iIltn (11«1"
,~,

, Ex"",."" ba><O O'l ,tie ,.....11'" of 'Urv<)' m<I<' ,<0<1",1' (An,pa"l!> """ Chur<n, 1~l. ,,,"III
~~'" 00'''·0_ '0 "",101<.>0< "1'0'""" ""'" ;"fioj" ,~.

Ex""'..... _,-..I from 0'><0'.'_" of """" '0 qua'" '0<1",,,,,,,,," h<i<k' (110...11 .. ", lll'Ul

was usod. hu, i' "'as assumed 'ha' 'ho amoun, of shi.khn••fforded by s,rue·
,um was tho sa"", (or alllubJKlS. Summary l'C'$ult, an: ~'ed rn Table 6.3
Tbo median dose "'u "'llrnaled to lie aboUl 3 mG}. bo'h for ""~ and for
coolrob. Th( ma.umum doses w= 26 and 29 mG~ f<>r cues and for ron'rob.
=poai>'.ly. The mInimum dotes ....... ltro.•,,, "'-....HUm<d 'ha' people "'ho
lived ""'SIde of ,he <101m," consodered (I.•. pan or all of UUlh. ' ...-ada. Icb.ho.
WyominJ. Colondo. , ... \ltxlltlO••nd Arizoo..J.I dunnl the period 0( Ul,m·
si.., fallou' (from 19S1 '0 19S81 tOCt>,'(d 1>0 from ""S (allou,

For the purpoxs of >allda,,,,,,- bric:k ples "'= ta1<"" from RrlIClU1C'l
Rand;", $U'IO! tb: tqUln,n. oftb: falloul period and ....... aaaJ)ocd to) ID£ID'I

of~ dosamcU}. (Haskell ~l ..1_ 1'J').t1. PaUl JIlo.,-n III T.bk
6.4 indic::o...~ aJllallCn, bc1..ttIlUat n:sullli otIUoil>cd ",th Uus teduuque
and ..j,b oda method, lIiCd 10~ the TO'VlD DaUi Eluc and ,he COOIIlI)
PaUl Base.
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6.2.3 !.«lll and regional doses from imernal irradiation

0<>... from imernal irradialion are mainly due to inhalalion of air contami·
nated .....ith radioacti,," malerial' and to ingeslion of fO<X!otufTs oontammated
wIth radioaeli"e malerial" A, far a, local falloul i' ooncerned, d"",s from
imernal irradiation are. for maS! organs and lissues, sub,tantially 'mailer lhan
those from external irradiation. The notable exceplion is the dose 10 the
thyroid from inlemal irradiation ......hich dominales he",'ily o"er both the doses
from external irradiation and lhe doses from inlemal "radIation 10 other
orga", and lissues (Whicker .., "I.. 19%),

Only the thyToid doses are oomidered in lhis seclion, As menlioned earlier. lhe
thyroid doses from NTS falioul re,ulted essemially' from lhe ingestion of milk
comaminaled .....ith llL 1; olher. u>ually less important. path"ays of exposure are
the oon,umption of leafy ,egetables and ew.

Thyroid doses from NTS falloU! reeeh'ed by lhe populalion, of Phases I and
II of the ORERP ha,'e been Studied exten,ively. Anspaugh eI al. (1990) oom­
pIled lhe e'timale, of thyroid doses for an infanl jj,ing in 51 ~rge. Ulah
"'hen lhe evenl HARRY occurred on 19 May' 1953. 51 Oeor~e was one of the
mare he",'ily impacted communities and lhe evenl HARRY aocounled for
most of the thyroid doses In Ihal area. The resull' ofAnspaugh eI al. (1990) are
presented in Table 6.5, It is of interest lhal lhe hislOnCal "alues, .....hich .....ere
deri,ed from meagre mformalion, are relalively close IOgether, and that lhey
compare .....ell .....ilh lhe modern 'alue of Ng .., al. (990). cakulated for lhe
ORERP, and with lh. preliminary estimale of the 1'C1 falloUI study, "'hich
.....a' added to Table 6,5 for oomparison purpo....

Estimates of jndi"idual thyroid doses for the 3545 ,ubject' considered in lhe
Utah thyroid cohorl study are summariud in Table 6,6 (Till el al" 1995),
O'·.rall mean lhyroid dose for lhe cohort .....a' 98 mGy. "'ith a median dose of
25 mOy. The muimum cakulated lhyroid d"", for am subject .....a' 4600 mGy,
For praclical purpose'. uro doses were as,igned 10 135 subject' "ho did nUl
resldc wnhm lhe domain considered betwttn 1951 and 1958,

The imporlan~ of the OOnmbUlion of lhe con,umplion of milk 10 lhe
lhyroid dose is illustraled in Table 6.7, The mean do," among the subject' who
did not drink milk wa' 12 mOl', wltereas lhe mean do," among Ih. 5ubject,
"ho drank milk w"' 100 mGy, Of parlicular imporlan~ are the IS5 ,ubject'
who drank goat' mHk al SOme poim in lheir childhood. The mean dose among
lhi, group wa, 300 mGy. and lhe highesl dose (4600 mGy') ""as found for an
indi'iduai in lhal group. Fi"e subjects recei"ed an absorbed lhyroid dose
greater lhan 3000 mGy: all of Ihem drank milk from a family owned goal
These data clearly demonstrate tlte imporlance of lhe goal mIlk palhway (Till
et al.. 1995),

Another important feature of lhe Utah thyroid cohan sludy i> Ihe e"alu­
alion of the radioiodine exposure while in u!em, A tOlal of 480 'Ub)ecIS "'ere
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Table 6.~ HISlOrical and CUTlenl CSIUllalCS of lhyroi<l do"" for an infant
li"ing in S, G<ori<. ljlOh 0\ lhe time of 'he .,en, HARRY (19 May 1953)

(Baoed on An,paugh ~I "I., t99(l).

Au,hors

Mays (1%3)
Rei.. (1963)
P<ndk'on" "I, (19631
Knapp (1%3)
Tamplin .nd Fi,her{l96i)
Perez and Robin"'n (196i)
NiNa/.(lm)
NCI (prelimiMl)--)

Th)r<»d dose (Gy)
Cen,ral ..,imat< and range of u",,"ain,y

0&
1 '0 7
O~

U '0 4.4
0.78 (0.1 '0 1.6)

O~

0,66 (0.1 '0 1.9)
0,5 (0,210 104)

Tabl< 6.6 Summary of 1h)'roid doses (mGy) from V,.h thYToid oohort "00)' (Till
el a/.• I99S),

W"hini'0n GrahamCo"n,). Lincoln County.
Coun,). V..h ,-- Nevada O"erall

l'umber of ,nbj«U ,,% ,,~ '". '"'Mean do.. "0 " " ~

Median dose " '.0 ~ "M,n,rnurn " " 0 "Maxtmum ""' .~ .~ ""'Mean GSD 1.7 '0 " ,.
Tab!< 6.1 Compo'i",n of 'h)Toid doses (mGy) be''''",n milk drinkers and non·milk

drinke.. (Till" "I" 19'95)

~on·milk drinkers Mil, drinkers Goa" mi]}; drin''''

Number of ,ubjec"
Mean dose
Medi.n dose
M.xunurn dose

3337
'00
~

.~

exposed in ""'<0 during the fanout perio<!. The a,,"mge d"'" to the thyro,d of
the retU, was 39 mGy: 'his accounted. on a",raSe. for about 20% of each
subject", lhyroid do,e (Till el "I,. 1995),

The NCI fanou' 'tud) i' the only on~ m "h'eh lhyro,d dOS<'S ha,e been
e;timated for each count; oflhe USA and for each important nuclear te'tlhal
was ",ndueted at the NTS. The metho<!oloS) and the data used 10 "'limale
the lhyroid dose" along wilh illumalioos or re,uh" are ",'ailable in hord·
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T.bIt 6.8 Comparison of pe, cal'"a lhy,old do... (mGyl
,ummOO ac,,,,,,.11 NTS ""en"

___0",'="",-'_-,'='=1 (1997)
245 III
125 62
113 7.S

" ~42 42
24 2l
0.67 0.93

St G<ori<. UT
Utah Connty. VT
La. "eps, NV
Sail Loke Count)', LT
Web<l- Counly·. vr
Bomalillo CounlY. NM
Lo. Ansel.. Counly. CA

ropy (NCI. IW7). and the delaJled ,e",hs for each nudea' ICSI. several age
groups. and several 1;1"" of diet ha,'e been p""led on the Imernel (address:
hUp:\\www.nC•. OIh.govl. Table 6.8 presenlS a rompa'i,on wllh OHERP's e",·
male, of "Cl cakulalion' of per capita lhyroid do"", ,ummed across all NTS
e,'""t> for localities in Phases I and [I. The NCI resull' a'e. for mosl localilies,
,imi[ar to lhose of ORERP. gi\'en lhe large uncerlaimies auached 10 the
.,lim'lion of doses '''''ei'ed .bout 40 years ago. An imponanl ,e,uh of lhe
NCI fallout 'ludy i' that depo,ition of "'I from NTS failoul occurred at one
lime or anOlher ,n e"ery Coun" oflhe conliguous USA .nd Ih.1 it i, likely lh.l
a[mosl all. ifnot all. oflhe people who re,ided in lhe contiguous USA belw..n
1951 and 1958 r«:<:i,·ed. lhyro'd dose from NTS fallou'- The colleclive Ihyroid
dose 10 the USA populalion from NTS fallout i' e'limated 10 be 4 x 10"
person·Gy. cor...sponding to a per capil" IhyrOld dose of .bout 20 mGy (NCI.
1997),

6.3 PACIFIC: ENEWETAK AND BIK[NI (MARSHALL iSLANDS)

The USA conduCled 105 testS 10 the Pacific RegIon between 1946 and [%2: [2
at John'IOn ['land, 42 a, Enewel.k (Eniwelok). 24 .1 Bikini (including ane
,hoI detonaled 100 km '0'-'''1 af Bikini). 24 al Christm.. [,[and, .nd lhree
eise"here in Ihe Pacific (VS DOE. 1994; Simon and Rab,"'n. i997). Exp[o,ive
yield ,·.Iues .... a,'.ilab[e for ali bUI fi"e of lho"'tesl'. The 10lal ene,gy }'ield of
the lesl' with a\,ai[.b[e ;Ield' "a, ,lightly g,e.ler lh.n 151 MI (Simon and
Rob'son. [997), From the po;nt of'iew of radialion do,",. the tests conducted
at Bikini and Ene"'elak Atoll, in lhe Marshall [slands were the mo,t import·
am, The 24 lesl' conducled at Bikini Atoll had a combined yield of about 77
Mt, of ,pedal impon.ntt amang tho.. lem W,S Ihe Shol Bra"o. a 15 Ml
Ihennonudear Ie", conducted in March 1954. The 42 tem delonaled al
Enewetak Atoll had a combined }'ield of aboul 32 Ml (Simon and Robi",n,
1997).
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6.3.1 SUM of cIosf rrronstr.-liOll
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Dose"""""""'U 1I>o'"C bml made for ,he popul,"ions of the Marshall bbnds.
nimlially fo' 'hm: reasons:

L ,he ldocalIOO of lbe 166 lllhabillUlU of Bikini AloII and of 1M 1~5

inh2bitanu of 1M fM'<onok Atoll 10 OIher uland' of 1M ManIial1 llbndt
an:hipelqo before tM lint Ie$U in thMe alOlh (Jwe 1946 al BIk"u and
Aprill!l48 al EMv.=k):;

2. the ben) falloul ,n Ronpp IdaDcI and l;bnk Aloll mllhlll, from lhe
teSl Bra•.., in \b.n:h 1~54;

3 1M n<boIopcaI ~lld) ro>~"1 all aloth III the nonhml Man.llall Island.
Lhal ..... COfOmI.....ontd by the Republic of 1M \lusball IslaDds GOVtt!l.
menl ill 1989

Detailed informallOrl on e>'eIIU maled 10 alomie ......pons tnullI III the
\lanhall I....nds ""n be fOllod III Semon (l~·n.

6.J.U BiJcilri _ &romJt A,()/I,

1l>e Bikim A'o/l conSISts of. n\llllher of <mall Island. on an elllplical ooral m:f
surroundin, a IaJOOn Th 101.1 land area i' aboul 6 km;. Most of the 23
nllclear lests Ihal look pl_ II Bibni Atoll re rondUCIed on liarIt'S
anchored in the la,oon or on Ih. m:f. All island' ere subjecled to ,aryln.
degrees of prollmal faUout. Musl "f the radinacti__• oontammatlon on Blkmi
1.land was due 10 the B,.,·o tnl of March 1954 (Gudikscn.' "I,. 19(6), A few
of Ihe individuals of the Bikini oommunit) lhat had b«n r<lo<:al«l in 1946
retumw 10 li>e on Ih.Il nalive islands In 1970 afle, a dose aSJCbmenl
determinw Ihal "'habltalion "'II aoceptable. Hov,enr. it ....~ u,ltt disco>ered
Ihat Ihe Iifnl}'ks of the returned resldenlS It>ulIW in llrtaler inlernal dllSe$
Ihan a"ticipatw (Mlllenbel'J<f" 0/.. 1987). C0=<luenlly. the small Blkmi
communily"',1S "'loClI.tW .pln in 1978 and. as of lW7. had nOl "'Iumed
(l'ied""thal. lW7). An nt""si,~ datahaoe of radi""""lode COl\CC'llirallOflS in
11K .1000 .......)SI= has been lk-.~Iopcd and used 10 make dose Isscssmm" for
aD oPOOSU'" path..... )" (Of llI5tItkmenl optJons a, Blkim AIOlI (Robison rI uI.•,....,

1l>e l!'t"'I"lpboc:al StTUCtllR or tbe EnN"elak Atoll " s"ndar to 111>01 or the
Bikini AIOlI. Al 1M lJJnO or lhelr ldocauoa in December 1947. 1M EnN-e<.k
people "'" "IN or 1"'0 IJOUP" the DR! (Dispboed Res>&ml llldl&n\OUS)
Eajebi. "'00 _ned 1M land tiFIS on uland. in the nonhml b.alf or lbe .tolL
Iftd the DRl Ene..-rtak. "'1>0 _ned the land ngbu Oft.......u III 1M _Ihem
b.alf of 1M 1101 (Robison n •.. 1987). AD nlcnSl'~ radiolop:lliW"'t) of
the llaD ..... earned out UI 1972 ·1973 in order 10 i11lliate ptt'pIorillom for the
mum 10 the .1011 of II> _tom (US AEC. 19-31 Tbe """'t) resulU "'-eK



ESTIMATION OF DOSES \29

,ufl""cn, H} determine that i,land' in lhe SOUlhcrn half "f the al"n could be
resettled because lhe p<>lenlial d""" were '-ery low, h"wever. lhe p<>lemial
do"" f"r Ih. northern half of lh. atoll w.re judged I" be too high t" all""
T'C'ClIlemenl "f lh. relocaled Enjebi people, Reselllement in lhe wUlhern pan
of the aloll took place in 1979. following cl.an.up of the atoll and a seriC$ of
new en\'ironmemal radialion measurements (Robi,on eI al.. 1987). A n.w dose
asses,men, for Ihe Enj.bi 1,land wa, prepared In \987 on lhe ba,;s of lhe
analy,i, of Ihe ""sr and [J'G concenlralions in man)' s.amples of food crops
collo:cled betwttn 1979 and 1987 (Robison eI al,. 1981), To da ... th. southern
half of Enewetak AlOIl ;s inhabited and the norlhern half of tho atoll i. onl}'
a"ailabk for food gathering and \,;,;lation. and not for unremicled liv;ng
(Marelli, 1994),

The dose assessments related to lhe Bikini and Enowotak AlOlls rely essen­
liallj on lhe large number of on"lT(mm.nlal radiation measuremom. lhal h,·.
been made m th. last four decades. W;lh the oxc<:plion of lho soulhern half of
the Enewelak Atoll. lhe do"" may be deli"ered only ;f tho p<>pulation, are
ttSCllled. Those p<>lemial dose' would be primarih' due to Ih. ingestion of
foodstuff' comaminaled by wCs, Stronlium.9Q and Ihe transuranic radio·
nu<:hdcs ("··"·Pu and W Am) would comribule rola'" .lj hlll. 10 lhe internal
dose, Tho eXlernal doso from '''Cs deposited on the ground would be th.
Stt<lnd mosl ;mp<>rtanl path"ay of exposure. Inhalalion. dnnking wat... and
marino food palhway, would conlnbu" only slightl,' to lhe dose (Robison €l

al. 1996a).

6.3.1.1 Rongdap Island and L'tirik Awll

In lhe .arly morning of I March 1954. a lhermonuclear de\'K:e nam.d Bra,o,
wilh an oxplosi\'. y..ld of \5 Me was detonaled on a lower at Bikini Atoll, An
unexpected wind .hear condil;on resulled in h.av) fallom .aslward ralher lhan
OHf open seas 10 lh. norlh, About 3-6 h afier lhe explosion. tho radioact"'.
cloud dep<>,ited particulale. a,h·!ike malerial on 64 ,nhab,lants of Rongelap,
localed aboul 200 km eaSI ,,'ard of th. dClonation 'ile. on 18 other Rongelapose
who were fi,hing and galher;ng copra al tbe nearby Aihngnae AlOIi. and on 13
fi'hermon on a Japanese v.,Sl:1. lh. S,h Lucky Dragon (Conard, 1980: Less.ard
el al.. 1985: Robbins and Adam,. 1989). Slighlly funher east. 28 Ameri~an

.sen-'icemen On Rongerik Al0ll were .xp<>sed. About 20 h after lhe explosion.
lhe radioactive cloud rea~hed Ulirik. localed about 600 km from lhe dOl0na·
lion ,ite. where 167 people were afToclod by a much decreased. invisible fallout
(Robbin' and Adams, 1989: Conard. 1992). Within a fe'" day,. the Ma"hallese
were e"acualed from Rongelap. Ailingnao. and Vllflk AlOlb 10 Kwajalcin
AlOIl for .linical evaluation and trealmenl (Cronkile n al., 1997). Whon
radialion levds on the residence i'land_ decreased to acceplabl. lev.I_, lhe
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people Wert aUowe<! to rtlUJD. The midents of Utirik ~Iumed 10 their atoll in
June 1954. The resident. of Roni"lap Atoll we~ r,lume<;! to thei' homeland
in June 1957 "'ilh restrictions imposed as to ".-hich i,lands could be ,'i.iwt and
"hieh oould be used for galh.ring food. Howeyer. in 1985. the Rongclap
Community. concerned abouIlhc ""rely of lheir people.•n~S1ed lhe assistance
of Grtttlpcace '0 ~"'cuale them from ,h." islands [0 an island III the
K",,,jalein Atoll (Maroni. 1994), Finally. tb. 23 fishC1'Tl'leD of the 5tlt u«ky
DragQlt. their "'dianon nposure unbeknown to the au,horlt;<s. relUmed to
their Japane.. harbour afte' 14 daY' of naY-igalion and ",-ere h",pila~zed in
Tokyo (Conard" al.. 1980).

Asst"mems of the d<l'es r=i,-ed before ..'acuation hal" been made on the
basis or limited porwon,1 monilQnng (radIochemical analyses of urine
specimen. and "hole.body gamma. spectrographic analy"",) combined with
the results of radiation measu=nlS On rhe alTected Atolls (Conard rr 01..
1980), The doses retti'ed before evacuation "e,.. essentially due to "'temal
imldiat;on from .hort·hed nldionuclides (with radioactive half·hes of up to a
few days) p.......nt in the radioactive cloud or depo>ited on the ground. and to
internal irr~diation caused by the ingesuon of short·ii'-ed radioiodine.
deposited on foodstulTs and on oookinil utensils (Lessard" 01.• 1985),

The doses =i'N after the Rongdap and Ltirik people ,..turnNto Ii'e on
their home i.land. are d"" to ra<!;onuclide. "ith relati'-ely long half·h,-es
(pnneipally ""Co. "Zn. 9OSr. and u'e.). Th"'" doses ".,'" ",sew:<! on the
basis of a large number of meaSurementS O<l peoplc and ;n the en";ronment
(Conard'lol.. 19801, The polential expo>ure, that could he itICurred if the
Ronielap Atoll "'ere resettled in the future h..'e abo been estimatN on the
basis of c,v;nsivc radiolog"al surveys (Robi>on " 01.. 1994)

E'-cn though ..ve",l radiological sun'eyo and d"'" as>essments had been
sponsored or conducted by tbe US Go'-crnmenl ,n 'he most alT..,ted "land.
and atoll., a. well as in the nonhern Marshall Islands. the entire nation of tb.
Marshanlsland. had nner I>«n evaluated un'illhe Republic of the MaNhall
Islands (RMI) commissioned in 1989 an independent radiological monitoring
provammt-the "'ation"ide Radiological Studj'-to determine Ihe degree of
deposit,on and tbe gcollraphical extent of "-eapon' test fanout o'er its nation.
the total land area of "hieh is 180 km'. d"'idN among 29 atolls and Ii-'e
separate islandS. dIstributed o,'er 6 ~ 10" km: of ocean (Simon and Graham.
1994a.b. 1995: 1996), The Nation"ide Radiological Study "as completN in
1994. In that Stud}'. all 29 atolls in the Marshall Island, we,.. sur\'eyed. Over
1300 in SilU gamma spectrometry measurements "'ere made and over 800 soil
surfatt sampl... ",e,.. analysed for gamma. emitters (",C•. essentially) and
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"··''''Pu. Natiye fruits, in paniculat roconul, w~r~ al'" s.ample<l ~xtensively,

Ext~rnal and internal dose assessments w"re m.de on the basis of lh=
measurements (Simon and Graham. 1997).

6.3.2 local aDd r<>glooal doses rmlll uTero.1 irndiatioo

Exlernal e~pooure ~akul ..ion; rdalW to lh~ ~"~ntua)jly of a reseltlement of
lh~ Bikini Atoll were made b; Robi"'n et al. (l996a). These calculations are
based on;

I. mca'urern~nts of upo'~re rat~' rnaM on Bikm; hland In 1978 and 1991­
the yalues are decay ~orrected 10 1999. daTe a"ume<l for the resolllement;

2. assumed dislributions of tIme indoo~ and o~ldoo~. based on o~r..alions
and on di<cu"ion, wilh Marshallese people.

A,,~ming that:

1. 10 b day 1 are 'pent in lhe bouse wbere the ayerage expooure rale is 1.6 R
h ':

2, 9 h da) Lare spent around lhe house and "illage area "here lhe a'erage
npo'ure r~te is g,5 R h ,;

3, 3 h da; Lare 'penl ;n the inl«ior region of The i.land ",h~re lhe a'erag.
exposure raTe;' 19 R h ':

4 2 h day I ar. Spenl on lh~ ""ach or lagoon "h.re lh. a,erag. ~,pooure ta'e
;$0.1 R h ':

the "'hole·hody dose from e'tern.1 irr.dialion arising from mCs released
during oud.ar weapon. 1.'Ting i' ..,l;mated to "" 0.42 mS.. y L in 1999
(Robi",n €l al.• 1996a), Doses for years oTher than 1999 can "" esTimaled
asswn;ng an annual decrease of about 2%. Th~ elTeCl;\~ dose accumulalw o...r
70 y would"" 15 mSv (Robi",n et al.. 1996a).

Sim;lar cakulations ...~re mad. for Enj.bi l,land;n ,h~ north"'" part ofth.
En~v'-eTak AlOIl on lhe I>;"i, of mea>uremenl. m.de in 1979 after debri,.
bunk.rs. and ",m~ "'il had bttn remO\'ed (Robi",n" a/.. 1987). Th' averag~
.nnual whole· bod}' dose from IJ"Cs was esTimaled 10 be 0.22 mSv;,' for 1'l'9O
(Robi'on" fJ/.. 1987): lh~ corresponding valu~ for lh~ year 1999 would be 0.18
mS,· y " The effective dose accumulaled over 70 y would "" approximal~ly8
mSv (Robi",n ~I ,,/.. 1987). A more recenl evalualioo by Simon and Graham
(1995) yielded approximately lhe same ,'alue for tho median annual "hol~·

body d= in Enjebi Island. and a "alu~ of 0.094 m$v}' 1 (in 1994) for the
emi.. nonh~rn pan of lhe Enowotak AlOll, In compari",n. lhe median valu~
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TUlr.., btumlCd ~1IolMody dosn from alCnlllllTldallOll
~ from "'" Bnl'" *'>01. n.. -.= akublCd r«lOll "'"

.-sa olr~ ...... co...,......, um<,lc>urd".~ 198~1

Eot.alCd .---""'" -C"",'>',",=_
":_~"_..__ So.IIoo... _ IIoood. 19~5 t-d ..... 19M

Raqdap U' 19
Aibnpo< 0-.69 I I
Rc.l..,,-il; 071 0,11
Uunl 0,1. 0.11

for 1M annual "hok·bod~' dose for Ih~ ~n,i" ""Ulh~rn Pi'rt of lhe Marshall
lilands, "'hich "'a, resettled ;n 1979. "'U ..limaled by Simon and Graham
(199') 10 bt: 0,0056 mS, ; , in 1994.

6,3.1,1 RMgdGp '-,IGod ""d Uli,ik Aloll

OaK ..umal.. from ~.,,~rnal ,.....d... lion are a'aiL1bk for'

Ih~ ClOrl) ~.~pomres (bd'~ ",,'IoCU.lllion or bd'~ the JaPi'~ fishenncn
roo"""

2. ~ co,duation lIIllde II) l.c:u:Ird~, <II, (19S~1 on !be buIS or mcllSunme,ns
or !be rad>otJlJl:hde """'posol"'" or fallmu .....t or exposure ral"'. Rnul'"
an pr'e'mted iD Table 6.9: lilt ,~o !lei, of ,,,Ioes are 111 f~ IOOd
JIItt"""',_ 1l>t .I>ole-body doIa llf'( estimated 10 "",~ beta of ,be order
of 1 Gy al Roo~p. Aihnpae and RlXI,erik.and aboo' 0,1 G) al l:tirit.

Tho 23 JapaDeOe fisbeTmm of lbe jill LMdcy ~"" ~'el"t t~~ 10 hc:a,)
falloul lhal ..'U ~ted on !be enlire boll (deck. cablM. eu:.), DurillJ !be
moil Intenoi,., falJoul period. 1M fil.llnmtn could not keep Ihtlr "'mUM and
tyes open, and falloul d~'Posntd on lbe ded "'a. thick enoulb 10 ""'"
fOOlprints (Conard n oJ. 198O), TIlt doses f,om external ,lTlIdl&lion d~ <0

lad_eli,., malcnal. dellOSlled on Ihe boal ""err ..,;mated 10 ranI" from
.boIlI 1.7 10 6 G;. depending on ;ndi'idual bt:ha>;our in lhe boal and lhe
conlamlnahon of Ihe cabin, ThO$( do<cs "ere 'e«"'td durin, lhe 14 day.
sepa'allO' lhe on"'l of fanOUI and Ihe !"elurn 10 harbour; half Or more of the
external dose< ",e,. rece"'td du,;n, lhe fir<l da, aflor the onsel of fallout
(Conard., 01., 1980),

ReJiduol E:,p()JI"~J WhoJe..body doses f,om .,;lemal irrad,luon lhal "'=
recci,'t<! up 10 1979 bl adullJ who murned 10 th." ISlandJ to 1M 19,5Os are
numaltd to ilIDOWIl 10 aboul 20 mGy for Rongelap and j(l mG) for l,;llnk
ICOlWd., <II~ 19801.
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POlemi,,1 £xpQlUrr. The "'hole-body doses from e'lemal "radiation lhat
"'ould be incurred jf lhe Rongelap Island, localed in the soUlhem pan of
Rongelap Atoll. was resettled ha"e been estimaled by RoblloOn.1 "I. (1'l94) to
be ew:nlially due 10 "'Cs and to amount to 0.11 mGy y_l during the lim y.ar
of reselliement (a"UmN to be 1995) and 10 aCCUmUlale to 39 mGy ow' a 70-)
lime period. Annual doses for olher y.... of ",..ulement can be "limatN
using a d""ay rale of aboul 2'/ per year.

There is a significant difTe",nc. betv.'cen lhe SOUlhern half and lhe norlhern
half of Rongelap Atoll The concrntra\lon of radionudides in soil and
,'egetalion i. about a fa<tor of five lo",,,r in the southern half of Ihe alolL
COnlaminalion l.vel, in Ihe nonhttn half of Rongelap are rna", 'imilar to
Bikini Island because the crnl'eline of lhe falloul pallem cro=d th. northern
half of Roniel.p Atoll (RobiloOn ., "I.. 1996b). R...nlem.nI of i,lands located
in lh. nonhern pan of Rongelap Atoll would resuh in dose' high.r lhan Iho..
"'tim.led for Rongclap bland

6.1.1,1 Olhe' }.f(miuJillslonds

The whole-body do... from C'lemal irradialion in lh. remainder of lh.
Marshall Islands were .,timaled by Simon and Graham (1994a) to be. on
",'.rag•. much smaller lh.n those Oblained for Bikini, Enewetak. Rong.lap.
Rongerik. Ailingnae. and Ulirik Atolls. CurreDl ",erage whol.-bod}' dose
mle, arc .slimaled to be I." Ihan 0.01 mSv y-' in the remainder of the
Marshall I'lands.

6.3.3 Local and region,' doses f'<)In internal irradi.tion

6.1.J.l Bikini and Ene~"'ak AlOils

DO>e ...."memS arc a"ail.blo for:

1. Ih. people who resellied Bibni belwcen 1971 and 1978. and the soulhern
pan of Enewelak Atoll ,incr 1979;

2. ,h. people v.ho oould resettle Bikini and lhe northern part of Enew.tak
Atoll in lhe future,

For those populations who were nOI'.,posed 10 early f.l1oul. internal efT""ti"e
do= rC>ulting from nucl.ar t"'ling in lh. Mar>hall Islands contribule about
90% to the 10lal efTeeli\< dose from eXl.rnal and imernal irradiation. These
internal doses are mainly due 10 Ihe consnmption of foodstuffs contaminated
with "'Cs; their magmtude vary according to the ongin of tbe cODlumccl
foodstuffs
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-';l:ClEAR TEST EXPlOSIO:-S

T... Ull EswaalQ II 7l).} dfCl.1i'oc IIo5cs ror
B,t"" 1>IaIId _u for aoneo, _ ....
"bon imponcd f<>otlds a.Habit 1'1IW.Cd ') .....
"bon -t) "-l foodl I (1o<:al dote')IR-.." •. I_,

76-) dI«tio... <be (mS»

·M...... <bol' '1.0<:11 don'

,.""'",.­
lrC.

"">--,..''''"
"'Am

InhalalMln
""'''''p",,, Am

E".mal

T",a) (fOWldC'd)

1M",; AU'" Greenhou'le rr ai, (1980) calculaled I"" 101a1 .. hole·bod} do5es
r-..ttI,~ by lhr Bthni ~tnll bct..'ftIl ]9~ I and 19~8; lhey <:$IlI1Ial<d lhal 1hr
a'~ "hc*-bod' """""" from a\n'I'W and mlemal irnd1&lioll. ..= 2 J
mS, y '.
~ mlemal doon lhal "oWd k ddMnd la peopk raorIdlll' B:kmi Illand

III 1999 ..=...wnated ~ Robotoa r, '" (1996&), Ll>IIlI' nlefUl'''' radionuchd<
CCIDOenlral..... <!ala den'eel from anai)1oIS of food cropo.. pOVJld ....w-, C>~
....lIlT. fiI,h and od>IIT nurtlIo<~ ammah.;ill. and soil. T..'O t)l'"' of die!
....... 0l'l0JIdered: one "lIh Ioaal foods onl). 1M other ",Ih a mullin' of local
foods (60'!. or IhI: d,"1 and IIllporlcd food< (40" of 1hr dltl] L'oin,1bo
UiumpUon lhal on!) Ioca.I foodt ..-ould be ron.umed ('local dl(l'~ IhI: mni­
mum an""",] dl"O<1"" dose ,,'Ould k aboul 15 mS, ) '. and lh< dl"O<1i"e d_
accumulated 0''''' 70)' ..'ould tit 560 mS, (Rob'SOD rI <d.• 1996&). If a mixlure:
of local a"d ,mpon«! food. rm;,ed d;rr');' ."um«!. the Cil;mar<d doses are
lov...,r: lh. muimum aDnual.fTO<1;ve d_ "'ould be aboul 4.0 mSv y I. and the
effO<1;"c dose accumulal.d o\'.r 70 y ,"ould be 150 mS•. Table 6,10 pr=ms
Ih. contribulion, of inhalalion and iDge,uon and of ....,·.ral rad,oDuel;d« 10
Ihe ;Dlemal 7Q.y elT""tl'" dos« nl;mar«!a"um;Dg a 'Iocal' and a ·m;.'cd· di.t;
do>e1 from exlernal irradiation are: Idded for romparison purposes.. I, is clear
f.om Table 6.10 lhal mool of lhe tslimaled do>e1 arur malDIy from "'C.
uptake 'ia lbe le-rresu-ial food cha"', and WI ""s. ronlributeS '""'1 hule 10 ,hi:
dl"0<1"l: doK '\I Wll">1lO11; lhlS 15 W roDlfti' '0 .. 113\ IS P'flIITlIlly obwr>-ed in
COrIUfle1\la!. 1ilicI·ba>ed solis. (or "'ludIlbe uptakes of"'Sr and of '''Cs .re or
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th~ ",me order of magnitud~. It is "'onh noting that a comparison, for th.
~,posed populalions of Rongdap and Utiril, of Ih••stimated 'l'Cs d~ri,'ed

from assumed di.la!)' intal~, and from m.asurem~nt' by the "'hole·body
counting lmthod show that the 1"'0 SClS of"alues are ,n g<X>d a~m ....t if il is
a"umed that the di~t includes both local and imported f<X>d. (Robison and
Ca,!"'r Sun. 1997).

E,.....·.,uk Atoll S,m,lar cakulation$ "'.Il' mad. for Enj.bi [,land in th~

nonhern pan oflhe Enewetak Atoll (Robiwn el al,. 1987). U,ing Ihe a>sump"
tion Ihal only local f<X>d, would be consumed ('local diet'). th. maximum
annual errecti"e dose "'ould be aboul 3.2 roS,' } L. and the effect;'-e dose
""",,umulatO'd 0""'" 70 Y would be 115 mSv (Robiwn .' 0/.. 1987). If a 'm,.,ed
diet" i. assumed, the maximum annual effecti"e dose is e'limated to be aboul
I .5 mS, !' '. ",h,1e the err""ti"e dose """,,umulated O'er 70 } ",ould be 54 mS,.
Simon and Graham (1995) used differeol die1ar)' a"umplion, 10 estimale
efT""tiv" doses from in1ern~1 irradiation for the nonhern and the southern pan
of Enev.-elal Atoll; for !"'rsons eal;n8 a ditt of aboul 18"/. locally grown f<X>d'
and 82% imported f<X>d•. th.}· "um.ted median annual .rrecti,-e doses of
about 0,2 mSv y L (in 1994) for the nonhern pan of the Enev'e1al AtolL and
of abou, 0.01 mSY' y_t (in 1994) for th~ southern pan of 'he Ell(Cw~tak AtolL
The corresponding "alues for person' eating a ditt of about 7S'1.locally gro"'n
r<X>ds and 250/0 ritt wnh no other U'I1ponO'd f<X>d would be ~bout I and 0.05
mS, l' " respeeli,-ely,

6.3.J.2 Rooge/ap I./and and CIi,iJc Atall

Dose estimates from internal ;rradial;on a", a"a;lable for:

L th••arly e,rosures (befo", e"acuation or before the Japanese li>hennen
"'turnO'd 10 harbour);

". for the residual •.,rosu..... rettl"O'd by the people "'ho r<'$C1Ued Rongelap
bet"een 1957 and 1985, and Utirik Aloll 'ince June 1954:

3. for th. potential •.'rosu"" that could be incurred if the Rongelap Ato)l
were resettled in th~ future,

Early Exposure$ Becau.. of the e,..cuation of Ihe mo,t aff"'t«l populations
"ithin a r.w days after the detonalion, the dooes from internal irradiation s",
essenlially due 10 the inhalation and inge-st,on ofshon·l" O'd radionuchdes. The
mos' ,mponanl of those are the nldioiodines. "'hich concenlrale in the thyroid
gland, and the radiOleliuriums. "'hich d",ay into radiOlodines. A ,horough
evaluation of the thyroid doses was !",rformed by Lessard tt a/. (1985), ThaI
e"aluation i~ ~ on the mealUIl:mt:nt of "'1 in a pooled sample of urine
colleeted en the 17th day post-d~onation from 6--l persons evacuated from
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TI.bIt Ci.ll f,llm.ltd Intakes of radKl«:llurium, and of radioiOOines. in ~lBq_

,<sultiJlll from the >hot Dr"". 11>< i"uUs.r< calculated from ,he " .... of
fallout until <,"aOu>t;on lim< (i.d.sard "at" 1985, Robbin. and A<bm•. 1m)

Int>k.' (Mllq)

R.d,onoclid. Half·life (h) Rona,l>p A;lin~n•• Ulink

'''-r. " 16_3(1 0.' 0.9 03 0.6,.....,.. " ,~W 2.1_4.8 11_41
,>I r 19) 2.0-J.6 OA (1,7 0.5..(1.9m, 2.l 11-21 25-U 2.2-4 T
"'I :og 4477 " " 59-12", "' 25_44 16 29
"'I ., ~,. 25-44 2.9- ~_2

Rongolap [sland. Complememary mea,u,«l '" deri'e<! information include ,h.
lo;,;al l,me of am,-a] of falloul and its duralion. ,he 5j,. and rndionudide
compo'ition of ,h. fallout. and dina')' and ii"ina pattern•. The intake, of
radio'ellu'ium' and of radioiodines, estimated for lh. aloll, of interest from 1M
onSCt of fallout un,,1 ~'aou",ion lime. art nllllol)' due [0 lh. conlamonation of
foodstuff, and of rookinll ute",ils, as 'he prepara,ion and consump,ion of food
in ,he Ojl<:n "'as a commOn prac6cx among ,he Marshallese people. 8t1m,ned
"alues of in'akes a"" presented in Tablc: 6,11. The in'akes of all radioiodines
and radio'ellurium. are C'Slunall:d 10 have ~n higher at Rongolap 'han in ,he
o'her a'olls. The intake of '''1. a radionuclide "ilh a rela,ively long half_life of
8 days. i'llreater at Ulirik 'han a, Ailingnu, but the snua,ion is re'-erso<J fOf all
Nher radionuc!ides sho"n in 'he 'able, "hich h..e a shor'er half·life than '''I.
lbi. is due '0 the fac"ha' il,ook about 2Q h longer for ,he mdioacli,'ec!oud '0
""ach U,ilik lhan 10 reach Ailingnu. allo..-ing 'he ,hon·ii,·ed radioiodines
to decay substantially dunng tha' period of time. The C'Shmated thyroId doses
for 'he evacua,ed people of 'he 'h.... a'olls are presented in Table 6.12: 'here is
a .tronll '-arialion a. a funClion of ago. wi'h ""'"mum values f,,< 'he ,nfan...
....ho ha,-e a smaller Ihyroid Ihan older children and adul ... Abou, half of the
Ih)'roid dose ..-as due '0 ,he int-ake of '''1. whereas I" I contribu'ed 10--15"·, of
,he thyroid dose at Rongelap and Ailingnae. and about 2ll"/. a, Ulirik (u-ssard
e, 0/" 1985). The maximum Ih)'roid doses are es'imated 10 have ~n four time'
Ihe a'-eral!" (Lessard el 01.. 1985)_

The ,hyroid doses from "'I 'ha' "'ere ~i,-ed b) Ihe 23 Japanese fishermen
oflhe 51h Lucley Dr"KOn were eslima'ed by ex,emal oountinglo range from 0.2
10 1.2 Gy (Conard n 01.. 1980). In addi'ion '0 '''I- otho< roon·hed radlD­
iodines contributed to the thyroid dose. Assuming that 'he fishermen inbaled
radioiodines for 5 b after the delOnalion. the lo,al,hyrold dose was estima,ed
'0 have bttn about 0.8 '0 4.5 Gy (Conard.' 01.. 1980).
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Tablt 1>.1! Estim.t«1 .,'era!:. th)Toid d"",,' from mtcrnal irradi.,ion duc to
thc shot B",.o (L=rd "01" 198'1.

A,'cro!:. thyroid do... f,om intcmal irr.diation (Gy)

Adult mlI",

Adult f.m.1<
Fourteen'j".' old
T",..I'..-yc., old
t-.i"..)..., old
S;';-j".' oKl
One-yoar old
~'c",l>om

'" uu,o. 3rd trim..te,
10 u""', 2nd trime""

Rongelap

""""W
"W
",..

Ailing"'o,.
2.9

"",.•
""

Utirik

",.•
2.2,.,.•
H.,
"',.
2.6

• The ""''"ttlWll th'l'nKl d"'" ar< '''imo'ed to b. fou, 'imes J""" t",-" tOe '''''''J<
,h"nKl d<»e<.

Resi,iwll Exposure; Whale-body dos<:s fTOm int.mal irradiation that w.re
tttt"'ed up 10 1979 by adult' who returned la th.ir i.lands in the 1950< are
...imat.d to amount to about 20 mSv fo' Rongelap and 14() mSv fo' Uti'ik
(Conard eI "I" 1980), Mo't of the whole.body dose at Uti"k was contributed
by "'Zn, a ,.dionudide with. ,.dioacti,.. half·lif. of 2~5 d.ys, Rongelap w.s
,""sottl.d th'ee y.ars .flor Uti'ik.•llowing time for "Zn to dec.y ta ,'ery tow
l,\,.ts ~fore Rongdap ",a$ 'esouled. Con>equenlly, the internal dose. rec.i,'ed
by th. peopl. who resel1led Uti'ik are subslantially greater than tho.. recei\'ed
by the people ... ho rese"ted Rong.lap, ",'.n though th. falloUlI,\,.ts at Utirik
w.re lowe, than at Rong.tap,

Potemi,,1 Expo",re, The .ffecti"e doS'$ from internal irradiation Ihal would
~ incurr.d if the Rongdap 1,land had been reseuled in 1995 ha"e been
estimated by Robison eT "" (994) 10 ~ ew:ntlalt) due 10 th. inge..ion of
foodstuffs contaminated with "'e. (Tabl. 6,13), U.ing the aS$umption th.t
only local foods would ~ con,umed ('local diet'). th. m..imum .nnual effee·
tivedo,. would ~ about O,~ mSv r', .nd the effeeti"e dose ac<:umulated ,Wor
70 y would be 18 mSv (Robison" o/.. 1994). If. 'm;,ed die'- is .ssumed, the
maximum annu.leffeeli". dose is eslim.tOO to be about 0,26 mS,' r J , and the
effect;"e dose ac<:umul.too over 70 y would be 9.7 mS", Simon .nd Grah.m
(lma,b) used differcnt dietary ~ssumptions to estimate effective dos<:~ from
internal ir,.di.tion: for persons <O\lng a diet of about 18"/. loc~lIy grown food•
• nd 82% imported food., they estimated medi.n annu.1 effect;,.. dose, of
about 0.3 mSv y 1(in 1994): Ihe corresponding value for pel"On, eating a dIet
of .bout 750/. locally grown foods and 250/, rice with nO other imported food
would be 'bout 1 mS" y_l,
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Toble ~.13 E'timates of riJ-y eff«t;'. d"'" for Rong.lap
bland re,ident> forcur",nt ;.land oondition. when impaned
fc>o<b arc ""il.bi< ("m"cd di<f) and w'bc:n only local food'

are ""o;amed ('Ioeal dief) (Robi«>n" 01. 1994).

Mode of "po.are 'Milled dief 'Local dief

Internal

Inmtio"
PC. " """ D.ll 0,48
''''''"'P\l .... 0.23
'''Am D.OS7 0,10

lnholation
""""1'0 01) 0.13
""Am 0,08

"~Extem.1 " H
To..1(rounded) " "

6.3.3.3 Oln" .lfarsnalll<lorul.<

The effect;". doses from mt.rnal irradiation that are currently =eiwd in the
remainder of the Marshall Islands were ..,;tim.ted by SImon and Graham
(19940) to be. on awrage. less than 0.1 mS\'} 1 for persons ealing a diet of
about 75% locallj gm"" f<>Ods and 25'1. rice with no other imported food.
Cumulat;'-. effect;,-. doses incurred bt,,,..,o 1959 and 1~ "ould be. On
ayerage. I,,, than 5 m$,' (Simon and Graham, 1994a), Almost all of lhe
effecti"e doses is due lO "-es

6.4 SEMIPALATlNSK (KAZAKHSTAN)

The Semipa1alinsk Test Slle (STS) i••illliUed in Kazakhstan. al a distance of
aboul 200 km from Ihe border wilh Ihe Russian reg",n of Altai. The former
USSR began atmo,phent ,esl. of nuclear de';';" al lhe Semipalalinsk Tes'
Site on 29 Augu'l 1949, During the period of nudear ,,'~apons lesling. 456 lesl,
of nud~ar de'ices ..'~re carried out at Ihal ,ile (Mikhailov, 1~1), There ,,'ere
88 almospheric lesls and 30 surface le<ts, Th~ lasl almo<ph~ric lest was con­
ducted on 24 Decrmber 1%2, The firsl ground th~rmonuclear test on 12
August 19S3 (400 ktl and the high-ahitude nuclear lest on n No"ember 1955
(1.6 Mtl had lhe greatesl )1~lds. Th~ lotal energy yield of almospheric nudear
e,plosion. al Semipalatin,k Test Site was about 6.6 :>'It (Dubasov "al" 1994).

Following the Sl8mng of the limited Te'l Ban Treaty (Moscow, 1%3).
which banned nud~ar tem in the atmosphere, open space and under waler,
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exclusi"ely underground tests in plleries and mine> in mountain rocks ,,'ere
conducted al Ihe STS. More than 300 devices were e.' pi oded underground
including four exca'"tion explosions of which two cratering explosions took
pia", on 15 January 19M (140 kt) and on 14 October 1%5 (about I kt)
(Loborev N al., 1995; Mikhailo". 1997). The last nuclear teSt c<md""ted at the
STS OoXurred on 19 October 1989.

The main contribution' 10 the local and regional en,'ironment.1 radio""ti"e
contamination are attributed to Ihe atmo>phefi,' nucleaf ,elts that were
conducted on 29 August 1949 (22 ktl. 24 September 1951 (38 ktl. 12 Augusl
1953 (400 kt). 16 Man;h 1956 (14 kt) and 24 August 1956 (27 kll. These tests
are eSlimated to ha'" contributed more than 950/. of the expected C<lliecti'e
dose of the exposed population living close to the STS (Dubasov .r al.. 1994a).

Underground tests. in comparison. have a small en"ironmental and health
impaCt. The radiation Impact of underground test< could result from the
leakage into the almosphere of noble radioacti"e ga"" from the e'cavatN
underground eavities produced b; Ihe lest,. Due to the mixture "ith almo­
,pheric air. however. concentrations of radioacti"e noble jill"" rapIdly
decreased with distanC(C and, a, a rule. remained undetected wilh radiation
su"ey inSlrument' beyond the boundari.. of Ihe lesting grounds of Ihe STS.
Those release' of radioaeti"e noble gasel resulted in negligible radioaeli,-e
fallout on the ground surface, ThUs. underground nuclear t..ts produced prac­
tically no impact on Ihe en""onment and on the heallh statuS of Ihe populatIon
residing close to the STS, An exception must be mad. for four experimental
crateringdetonatlon5 peffonned wllhm thewope ofa programme on the use of
n""lear tests to develop the country's economy on I5 Januar; 1965 (140 kt). 14
October 1%5 (LI ktl. 21 October 1%8 (0.24 kt) and )2 No"ember 1968 (0,24
kt) (AndD,hin e, al., 19%),

6.4.1 Stat"" of d__sttllC1lon

U,ually after the tests, measurements of gamma radiation levels ,,-ere con­
dueled around Ihe STS, In SOme ca"" these mea,urement, extendN as far
a"'ay as 1000 km (Anon;mous. (994). In the fanner USSR regime. until 1991.
r(j;ults of 'hese measurements were Slrictly c1a"ified and kept in .n;hi,'" of the
Ministry of Pefe"'" and other State Pepanments (the State Hydrometeor_
ology Committee. and the Federal Agency of Medical Biologic.1 and Extreme
Problems of the Minist') of Public Health). Ne"erthele" in the populallon of
Ihe regions adjoining the Semlpalatin,k TeSl Site there wa, an .waren.., of a
potentiall;' negative health impact of lhe lesls that Wefe Conducled at the
Sem,pala'in,k Tesl Sileo These reelings became public during the late 1980..
and. more "idely. in the earl) 1990s.

In 1993 a resolutIon of the Go,,,rnmem of Ihe Russian Federation marked
the beginning of a Federal programme on the rehabilitation of the population
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and on SOI:ial and economic del'elopment of sel1lernmts of the Altai Region
e.'pos«t to nuclear lesl' at the STS. The ""O~ and charaCler of rehabil't.t;\,<
measure, applied 10 ttrl.in groups of iodi"idual' is specifitd in ~gula'oT)' lexls
and is expressed in terms of efT",,!;... dose (Gord«v, 1995<;). All persons
exposffi to nuclur lests al the STS are divided into 1"'0 group'-

individuals with. lotal effective d.,.. greater than 250 mSv. as "-ell as their
children and grandchildren;

2 individuals with elTeclI" do"", ]0""0' than 250 mSv bUI greater than 50
mSv Ingelher "'jth their children and grandchild'en,

I'crson, ."igned to the first group are entitltd 10 compensation measures
\lhereas members of lhe SttOnd group members benefit from general rocial
mea,ures. Ordina') ",n;tary and hygienic control of the heal1h ,talUS is
administ~red 10 'UbJttlS exjX>SW to dose' 1"" than 50 mSv.

A law .dopted in Russi. in 1995 ~xlended soci.l t>en~filS and compensations
lo lh~ populauon exposed due to place of residence when lh~ nudear d~,ona·
lion' w~re perfonned. Thus. lhe probl~m of dose rtCon\truction for irradiated
;ndhiduals pTlmarlly Originated within the >cope of a social probl~m 10 identIfy
lhe groups of resid~ms lhal were exposed lo nudear 'em

Within lh~ "'ope of the SCienlific dir"'lion of Ihe Federal programm~ on
rehabilitation of lhe population and soci.1 .nd economic M,·~lopmenl of
seHlemems of lhe Alt.i Region ~xjX>SW to nucle.r tcllS. a numt>er of we1l­
koown retrospttti,c population dose reconstruclion method' were applied, lhe
m.them.lic.1 mod~lling of f.lloUl fonn.lion and of fUrl her migration of
rnd,onudides in lhe en,·ironment (Loborev n al,. 1m): use of r.dialion 'ur..ey
me.surements conducted immedi'lely .rt.. 'he tem (Loborev N al,. 1994:
Gord~ el at.• 1994. 1995a); measurement, by electron param.gn~lic !'tiOn.nce
(EPR) of r.diluion effeelS in looth enamel of «posed indi,'idu.l, (EPR
dosimelry) and of lhermoluminescence (TL) of qu.rtz-ceramic m.terial, (TL
dosim..ry) (Gordee, ff Qt. 1995b); and measurement of residual ,clivities of
long-lived radionudide5. in p.rticular. "'es. in lh~ soil (l.gulin el QI.. 1994)

Pr=ntly. lh~re .r~ se'·...1 groups of Rus".n e'pens lh.t .re aclively
m"olved in Ihe reconstruction of doses recei'ed b} the popul.tions of lh~

Altai r~gion ., • result of nude.t ~xplosion~.t 'he $cmlp.lalin,k Test Site, The
most important groups are lhose from lhe Moscow Inslitute of Biophysic< (lBP)
.nd from lh~ e~n'tal PhYSIcal Techmcal InSlilute (CPTI) of lhe Russian
Mini,uy of Defense, Although both groups assess the dose' from e.xlemal and
from inlernal irradIation. the group from the ecnlr~l Phj"Sical-T",hnical
In'litute concentrales on lhe atmospheric lransporl of radioactive parlicle, and
develop, mathemalical models of almospheric dispersion of radioacti,~ par­
lid~s and of lh~ir depo>ilion on lhe ground. Th~ main con~m of the group
from lhe In'litut~ of B,ophy,ic/; i, lhe eslimation of imernal radialion do,",
rcsuhinll from the deJ'O'ition of radioacli,·. mat~rials on the ground. Th~"
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models simulate the lr~~,po" of radioacti"e particles in 'oil. vegelation and
animals. lhe activily ;nlake by human beings. and, finally Ihe doses from
inl",""al irradialion,

6,4.2 L«al .nd regional dOS<'S from e~ternal irradialloa

The essence of malhematical modemng as a method of popUlalion dose
recomtruclion Ii.. in Ihe use of a "'I of phy,;cal and mathemal;cal models thai
describe all slages of lransformation of radioacl;"e producl' in space from lhe
moment of the explosion 10 lh. formation of .,lernallOdi,idual doses. Such a
sel, ordinarily. comprises the following malhematic.l model, and method"

I. a physico·mathemat"al model of the formalion of the isotope conlent and
radioaeti"e character;'tic> of Tadioacti'"e particles'

2. a model of a ,'olumetric source of lhe comamin.t;on of lhe environment.
"hich is a ,urn of e~pre,,;om that describe the distribution of rad;oacti"e
particles by sitt and spaee of the cloud when the cloud stabihttS in the
atmosphere:

3, a physico·mathematical model of the distribution of radioaeti'e
admixtures in the atmosphete,

4, a method of calculation of dose fields aoo"e. comaminaled area

The me,hod described "as e>lablished by a group of :\Clenlisls from the
Central Ph}'sical-Techmeal InSlitute of lhe Russian Minislry of Defense
(lobo..., ., 01., 1994b). This group proposed a model for the fonnal;on of the
isotope contem of radioacti"e part~les thaI describe<l pr<lC<'sses of lhe forma­
tion of two types of parlicle<

L Particles formed due to the imensi"e heal and mechanical Impact of
lhe delOnatio~ on the soil coveted by lhe fireball al initial slages of it>
de"elopmem. The dis!<"ibulion of lhe rna" of these parlicle< by size is
appro,imated by a logarnhmic normalla" "ilh paramete" lhal depend
upon the nature of lh. ground ,urface (granite. cia). :;and).

2, Th. formal ion of particles conditione<! by mechanisms associaled with the
condensation of 'oil "apours and "apouri~ed conSlruclional materials of
lhe ammunition and fission products of lhe nuclear fuel. The distribution
of Ihe.. parlicles b) size in accordance wilh lhe a"ailable material is also
appro~jmaled by a logarnhmic normalla". with Ihe median diameter of
lhe distribution and Ihe mean squared de,.iation of the d,ameter's
logarilhm bemg _1.1 mkm and _015. respecti\e;Y

In the case of ground le,lS a, g,,'en heighlS -0.3 < ii " Hlq'" " 0.3 (H is lhe
absolute heighl oflhe lest. m; q is the yield of lhe Ie... t), in order 10 represenl
the formallon of paniclC$. an unbalanced molecular kinetic model is used.
The model makes use of a comple' approach 10 lhe problem under study. lhe
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general Features of which art described hj Frtiling fl al. (l968). A cI~t

analogue of ,t>. model was publi,htd by Krasilov ., "I. (1971) with 1\1 e<>mpkte
description siHn in a book Ihal was published recentl}' in Russia (Bocharov or
al.• 1997).

In the case of detonations at gi'~n heights H >0,3 m I "'. the calculation of
'he isotope conlOnl is p<rform<d on th. basis of a half-cnpiri<:al fractionation
scheme. which repr•..,nt' the sum of model. koo".-o in the literature as models
of 'the distribut'on by radius degr=' (Frciling. 1961 >and ·'h. thermodynamic
balance' (Miller. 1953; fzrael. 1973).

The modd of a 'olumetrio:: sour« of ""dioae''''e oonlaminalion of lhe
en';ronmem is based on 'esnlls of modc1lilli the d"".lopmenl of the cloud
from the 11:,1 using numerical methods and actual data Obtained by radial;on
sur".y using aeroplane, to monitor clouds from nuclear explosions. In accord·
ance with the data. Ih. distribution of part>:les in th. radioaet",. cloud and the
size of particles is appro,imated U,inii the follo"inii laws:

I. in the horizomal plan. b) a circular normalla" ";Ih a he,ghl-<jepcndem
'''riation;

2. in the heiiiln of lbe cloud by a normal 13" wllh paramc:lers (Ihe "erueal
'·ariation. the po,ition of the center of the ma",) that depend upon the yield
and type of the detonation;

3. m Ihe size of panicles b) a logarithmic normal 13" "ith a median "alue
that depend> e,c1usi"el~' upon the h.,ght (de<:reaS<:'S ".,th Ihe he,ghl by an
exponentialla"'). "ith con,tant decrease.

The distribution in the atmo,phere and Ihe fallout of radimcti"e panicles
under the innuence of air currents. atmospheric turbulene<: and gra,ity are
described by a half--empirieal equation of turbulem diffusion, The mc:thod
applied to $01... lhe problem was a system ofequations that represent 'pace an<!
time e.'olution of the di'tribution the rna", co"""ntration of panicles. numerical
solutions for dilTerenl fraClionations. The den,ill of radioaCli,.. fallout is found
by lumming all size fractions of panicles, A detailed description of the malhe·
malical model of fallout of radioaCli,'e panicles follo" ing a nudear te,t i' ~i"en
by Ilocbarov el al. (199"71,

Based on tbe models described ahoYe, denSities of lhe rontamination of 'he
surface "ith certain radionuclides and the fallout dispersion romem presenl
initial data for calculation. of extemal exposures of an indi,.,dual and the
inlake of radionuclides "ilh contaminated air and foodstufT' of local origin,
To e'timate oral intakes a method of accumulation coefficients described in the
Iilerature (GUst" n al.. 1991) is applied, Adjustmems roncernin, rondition. of
major agricultural work and a mtiif"tion chain of radionudides cbarneleristie
fOT the area under Sludl are made to the method adopted lbe transfer from
intak"" of radionu<:lides to ,nlernal d"""" is earned out by means of the dose
coefficients recommended by the leRr,
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SpecialislS from !he Cnmal Ph)'SICa1 T.-:hnx;al Inslilute (CPTI) of I""

Russian ~{inisu)' of Defeo,.. (Loborev ., III.• 1994) and the MOSOO'to' In,UlUlC
of Biophysi<:s (IBP) (Gon:I«'. .f III. 1994. 199»'d) prop<l§Cd method, of
popubotlOll dooe ~tno;tion bafCd on the radi.ltion ,u"'~ <!ala \tathe·
matical models al IlI= r.~l$ fonn the foundation of tM~ adopted.
Mudeb.~mtt;rJdcd fOf lhe cakuJaUOft of:

I. radi.ltioo <ituatioo plBIDC1cn '" hidI determine e-.tcmal and I>ltcmal
exposure (absorbed do>e> III thc IlIr hom lhe ra,boac,i,e faBout and thc
doud. thc ()OIlICCIIU'J.l>OQ of radioal;1l\~ pmdurn in tbc abo>~cround1lIl.

lbc demit~ of JOiI CO<llan1Ullltion "'1111 eatai:n radionud>dn "'ben fallolu."""",
~. plrameten of thc """'-'aUOft and h)pmc ...11&...... (ootIl2mUIatioo of the

'etfl&tioo. mal. milk and OI.bcr prod""" of local ortgln);
3 d'fcn"" doses ofel.lcmal <lnd IIllcmal nposures as "'rll as do2lI ill anal

human orpns.

lbe melhods <Je-"dopcdt~ .f 111.• 1994. 199».d: Loboml.f 111•• 1994)
UI~"", on lilt "'hok. "",~ar InPlU I>lfOfPlall()Jl. Th"" main componenl is t""
k\el of pmma mialion measuml by lile rldialion ",r.-~· abo,~ lhe alft of
rad'O&Cln e fallout. The methodl d,ff., III "11)-' of rlclr:rminina dem"ed plrI'
met..... lilal depend on IIIe delonanon', characleriSl1c5 and yield: 1M CPTI',
mothod uSC'S lh. mallltmatll;lli modcl1 dncnbt<J abo'e (Loborev., Ill" 1m).
"horea. that of the: lBP april., empirical formulae dOriHd by Pn':>CeSimll
.,perimen,a! data.

The follo\\ing o'pr•.,;,onl are proposed for calculation' of the densily of soil
conlaminalion. inhalatot) and or.1 ;nt.kes of rad,oaeti,-. producl"

G~""Hk

(6,1)

(6,~)

"'be-re ", ;, thc demit) of lOll <Oll1&llUll&_ "",lh 'M iLh radionuc:lick ",11m
faBout', ...opped; G'!'- .. thc ,'&lue of mbalalOf} mule of lhe /Ill radionlOdilk
durina fallout fOlllUlioa.; G if; !be inui. of !be iLh r.dior"dick "'ith tile fth
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food,lUfT in case of the aerial contamination of agricultural prodlillS: P, i> the
)'icld of gamma radiation f,om the radioacti'-e cloud abo'-e ground at a time I.
afl« a \l:St: >.., and Y, are the con'tanl of nuckar fi,sion and the cumulati,.e
output durinS the 6..ion of an ,)h radionuclide: >.c. and Yeo are analosou,
,'alues for "'G: «Jl is the reloti,.., contributIon of mC. into a total gamma­
equi"alent ofa miuure of fission product. which are contained in a panick of
a diameter d: d i'the median 'lu nfpanicle, which formed fallnut at the point
under 'tudy: k, i' the ionizing samma-alnstant of "'c, (I:, " 3.242 R m-'I
(lOCi h 'j): I: i, the stretch codlicic:nt-ir[P,]" R h I. [".I" Ci m '. [k,) "
Rem 'l(mCi h-'j. then k "" 3.3; 'i.e.(Jl is the fractionation coc:/1icient of an 'lh
radionuclide to "'Cs in a particle of ,i"" d, V, IS 'he rate of human lung
'ent~ation: HI is the annual consumption of a jlh product; kZ i' the coc:fficiem
of the 'ransition of an Ith radionuc1ide from falloUl into a jlh food product
pro,.ided its complete bioloSical a,..ilability and a maximum retention of
panicles by the ,.getation: flu is th. rat. of a -dry' precipitation of an
impond.,."ble admixture on the surface: (30 " 0.036 km h I); j,.(d) is the
distribution of rad;,,"cti"e fallout panICles in a gi,-w am< by si",,; ltld) IS
the rale of the gramational precipitation ofa panicle ofdiamc:ter Ii. af(dj is the
conteOl of an ith radionuclide In the ,'olum. and on th. surface ofa panicle of
diameter Ii; J.1(d) is the coeflicient of biological a"ailability of an ,)h radio­
nuclide-in order to esuma" the ,.al"" of the coel'ficient it is =ommended to
apply the follow;ns expr....ion

(6.4)

whcrt: <r.(d) is the content of an Ith radionuclide on the ,urface: of a panicle of
diameter Ii; fJ)(d) is the function that re~nt' an ""presston of ,he coel'ficlCnt
of Ihe primary aerial contamination of the ,,,getation from the 'ize of fallout
panicles--accordinS to \~asov ~r al. (1994)

{
l.d<dO'

3)1J)" (dld~r·.d > do. {6.S)

",-hert: "I i. 'he coc:fficient dependent upon the 1;1" or the '''aetation and the
$lage of its d..."lopment (If)" 0.8... 1.1) and do" 40 .~ pm; and Ct.(d) ii th~

coc:/1iciem of aerosol aipira,ion,> with

Ct(d)={l.d<5: SO l'm
• O,J> SO I'm

(6_6)

Equation (6.1) rt:nect' a theort:tical connection between the yield of gamma
radiation abl"" an in6",le nat sourtt wllh an "en dl,tribution of the activity
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and radiallon characlerislics of the souttt. Equalion (6.2) rence!S a wnnce!ion
belween the fallout density and the wncentralion of ,adioaclive products
weighted In the neat-ground alr during lh. passage of ,h. cloud. Equalion (6.3)
is the result of lhe method of coefficients, wilh adjuslments made for lhe
dependency of coefficientS of the primary aerial wntaminatlon on 'he ,I.. of
fallout panicle"

Radiation charac'eri'lics of parlides (";(d), a)(d). old)) In equations (61) to
(6.3), coefficienl' of fr~c'ion'llon of radionudide' (r,.c.(dn as well as a
characteristic of particle fallout di'lribullon in an area ([,·(d), J), and the lime
't of ,hel, faUou', are derl,-ed ";Ih the help of lhe model. described abo\t,

Formulae described below form the hasi, of lhe dose recon'lruction melhod
(Gordeev et al,. 1994, 1995a.d), For lhe relalionshlp between the surface
demlly of soil contamination. ". and the Ie,-cl of gamma radia'ion, P"

is used for 'he lo'al of fission products and

i, used for Individual radionuclides, u here o~, ai, 3i are .-mpirical coeffidenlS
P, (I " 24) i' the Ie"cl of gamma radia'ion calculaled from Ihe moment il w-as
measured 10 24 h afler the lesl and X, i.lhe distance ••\tmawJ by lhe formulae

W~X
X"_

, H ...,V

with Xthe dislance from the cenlre ofa 'esllO lh. g,,'en ",nl.-mentlaken along
lhe route of the radIMell," "loud, W~ the rale of lhe gravllational precipl.
lation of aerosol panicles with an aerodynamic diameter J" 50 I,m, Hma• th.
maximum h.lghl of lh. lift oIT of lhe radioact;'-c cloud when il slabilized in th.
almo,plle" and VIlle a\trage s~ of lh. wind from maXImum almud. 10
lhe ground surface.

TIt. dislance 10 lhe cenlfe function of th. proportIon of radioactiv. fallout
products on th. surfatt for panicles of diameler d< 50 J1m is delermined by

(6.9):

It is assumed lhal ;1 is this fraclion of radloacti,-. particles lhal d.lenomos
""n'amination of the ,,<setallon in lhe area of r~dloacti". fallout and the
intah of radioacli"e products in th. Inhalatory ~},(em,
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The moment when falloU! ceases is determined by

X
""l/+tll. (6.10)

,
"hert..'.I" 1.5 ; and L is lhe "idth at distan"" X fcom \h. cenlrt of the le.l,

E"emal gamma ,.,posu". D"". is delenmned b)

[,." ( ,,- ,.) ;,.,']Dm "0,87 p. (24) -:aT T. + k +~ ,
,] "kdd ,]

(6.11 )

"hert To is the period during which an indi"idu.l remained outdoors "'ithin
24 h; k, is a oo<fficieni for ,,-hi.h Ihe value dep<nds upon the char~Cl'f of Ih.
distribution of radioact;'. produclS in the cloud from the lest (k, = 68. _.91);
k" is a c<>cllkient that rtpres<:nlS n:duclion of gamma radialion from fallout
through shielding by a building: k,lO is a coefficient that represents ..dueti"n of
gamma radiatIon from the cloud through shidding by" building. The first item
in equation (6. I \) conditions lhe dose obtained from the moment "hen f.lloul
ce.ses 10 • oomplete fission of radionudides.•nd the ,""ond oondition' the
dose over the period of f.llout.

To o.kuJ.te .verage fallout oon<:entrations of radio.cti... product' in the
.bove-ground .ir. theoretio.J expression i, used which describe,. relationship
betwe.n Ihe value sought and a dose of radioactive aer"",1s weighle<l in the air
in approaching their even distribution in space. i,e

i:, D",
C~==.

~I' ,
(6.12)

where D,,,, IS lhe dose due to exposure to the cloud of the tesl; E, i, Ih~ avetag'
yield of gamma radiation of lh. cloud of th. te't; and i: is tho sizeabl.
coefficiont

The valu. of Ihe dose accumulated during tho fallout period (the seoond Item
in equal;on (6,JJ) is tahn as an e,'allUlt;on for the ,alu~ D,,,,
Th~ ,-alue of the inhalation intak' of an ilh radionuclide in a critical organ is

furth.r derived from th••,pression

"'." (1i .)"G, =Lr"J,ido-V"~,·F."-ki(d<50r ....
~

(6,13)

"here k'j(d < 50) i' the ooefficient of biological a' .ilability' (solubility) of an ith
radionuclid. in particle, of ~ize d<50 I,m; f~~ is the ooefficient for Ih~

precipitation of the aerosol in respiralory organs (assum.d F.,," 0.7); and F;"
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Toble 6.14 btimate. of <"<mal do.... In mS,. in lh. op<n and for lwo iroul" of
inhabltanl' of lh. "illago Ve><loya",k in lh< Altai ",gion aft., the e,plo"on of 29 AlIiu"

1949 (Barkovu;" aI.. 1995J.

Tim<: of dose ;nt<gnt;on Ou' of doors rarm<rs Indoor worker>

Dose dunni lhe PM'Oi< of the cloud ,.•
"

U
Dose for lh. firs! day ,~ " "Do"" for lh< firsllhreo day, ,~ " '"Total do'" ro, '" ..
i, the proponion or an ith radionudide from il~ INal detained in ,.Spiralory
orgam "hich ",aches a CrihCal orgaD. provided Ih.,. i' complele solubility of
the r~dionuclid<.

The S, Petersburg group (Barko,·,ki .1 al.. 1995) ."umod in lheir eXlernal
d"", asse"mentthat radioactiR falioul ",mainw althe ground surface and lhal
the ground surface w", a two-dim<nsional pl.ne (a"umpli"n ofan infinile plane
sour",). They look into con,iderali"n the fraclion of lim. lhal "",,pl. ,pend OUI
or doors. and lhe fraclion of lime lhal "",,pic ,pend in wooden Or brick bou.se..
etc. Ooses w.re calculated for 22 li,~u<s and organs of lh. bod)', This model wa~
used for instance 10 e~tlmale doses for inhabitanl' of the ",11.11" Veseloyarsk in
RublSO"sk dislrict .fI.r the explosion of 29 Augusl 1949 (Table 6, 14), Because
lhe oUldoor expo~u,. rales are subslantially higher lhan lhe indoor ex"",ur.
rates in lhe same locaiity. lhe average external doses recei' od by indoor ,,<,,kers
(0,(16 Gy) are 'maller th.n lhose receivw by fanners (0.2 Gy),

The """ond approach to est,male lhe depo-silion of radioacti"e malerial' on
lhe ground. and. ~ubsequ.ntly. the dose' from external "radialion. is based on
lhe contemporary measurement of long·hvcd radionuchdes such a, ll1e.. "'Sr.
,,,·,.°Pu, etc. in the soiL It is ,upposed that if the radlonuclide compo,ition of
e"cry te,t "plo,ion i' known. lhe compo,ition of dePOSiled radionuclides at
thaI tim. can be delermined from the comemporary mea'uremeDl of a fe"
long_II,'W r~dionuclides (Kozmin "al., 19%, [zrael n al,. 1998). This melhod
r<quires "cry p=ise mea~urement'of maay baroly delCCtabl. concenlralion,
of radioaeti"e male,ial, in man, places and al diffe"'nt depth,. This approach.
which ,,'as~ to rccon'lruct doses from lhe Ne\'ada Te" Site (Bec~ and
Krey. 1983: Beck. [996), has yet to be applicd to the Semipalalin,k Tesl Site.

[n addition. it may be poinled oUllhal a number of dose estimates ha" been
deriyed from Ihennolumine"",nC(C (Tl) aDd electron spin resonanC(C (ESR.)
measurements (Gord.... eI al,. 1995b: Takada <I ai.. 1996: J. Takada, personal
communicalion, [997). ThermOluminescence measurements of a few sampl.,
of bricks collected in 1995 in populaled areaS near the S<mipalalin<k N'udear
Tesl Sit< point 1o whole·body doses of 0,21 Gy m Tchagan, 0,27 Gy in
b"yetska, 0.36 Gy in the city of S<mipalatinsk, and 0.89 Gy in Dolon (Takada
el al.. 1996: 1. Takada. personal communicalion. 1997), The doses in Dolon
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Table 6.15 Coll""'i,-~ dOl<; of .".mol irradialion re,u1ling from lhe cons<qu~nccs of
n!>Clear t..to by ~-y period' follo",n; the bciinnin>; of j;ro"nd and almospheric t..".
for the inhabilanlO of. number of pop"lanon CC1l' ..... of lhe Abal'. Bcshragay .nd

Zhana,.rncy d"'ricu and Scmlpalaun,k city (T'l b " al.• 1990)

ColI«t"e do,. (person-Sv)

Di"ric' or >el,~<nl 19~9 19~3 "" 1958 1958 "" Total

Abay districl W, 018 6021
Ik'hraj;ay districl "" " " 1397
Zhanas<mey dlmkt ., , ..
5e'mlp.lalin,k cit}, W, M'
Total. (rounded) ,~ ,~ "

,,,,

and Tehagan an: Sim,lar lO p"'vlou,ly ",ported "alue' (T,yb " 01,. 1990);
how.-·". the value for lhe city of Scmipalalinsk. which i. much higher lhan
p",'iously reponed (0.006 Gy), will have 10 be confirmed (Takada cr a/.. 1996).

Esumales of coll"",i,·. dol-eS from ""lemal irradialion are availabl., In the
,icinity of lhe Scmlpalatin,k Tesl Site. lhe larg.,t collecti,-. dol-eS w.'" recel"ed
in tho Abay and Bc,karagay regions of Scmipalatlnsk ObiaSl and in Scmi·
palalin,k Cily (Tsyb ~I al" 1990). Results are pr.",nled in Tabl. 6.15 according
to 5_y lnl.,...·al' bet"een 1~9 and 1963; according 10 lh. rc,ull$ of that RUSSIan
study, lh. 10",1 oollecll\. dose from .xl.rnal irradlalion i' .stimaled 10 be
aboUl 3000 person-S'- for th. populations Ii,'mg dOl< to lhe leSt S;l< (T,yb ~I

al" 1990). In Table 6.16, th= esllmales are compaml wilh those that oan be
derived fronl =nl publication, by sci.mi", from Ka.akhSlan (B.!. Gu",v
and N,N, Kuraklna. unpublished dala. 1996; Kazakhstan. 1997). Th. dose
estimates derived from lh. Kazakhstan studies arc hlgh.r lhan thol< pre"",ted
in tb. Russian SlUdl'; lhe rea",n, for lhe dilTerenoes belween lh. two sets of
resull' remain 10 be explained. Regarding th. populallon of the Aha; regIon. II
is esllmated (Kisel",' 01 al.. 1994) lhallhe oo!lecti"e .IT,,,,,ive dose =i,-ed by
lhal populat;on i' 42 000 person-Sv. including. romribulion of 32 000 pe/SOn·
Sv from Ihe .xplo,ion 01.:29 August 1949 and a conlribUllon of 3000 person-Sv
from the explosion on August 1962,

A research group fTom the Altai State Unl'ersitj i' aCliv.ly working on Ihe
de"elopmenl of m.thod, of population dose =oo'lrUOI;oo USIng lh. present
valu. of fallout mes on the ground (Lagutin n al,. 1994), Th. basi, of lhe
proposed method of .xt.rnal dose reconSlruollon Is made from mathematioal
model' Im.nd.d for lhe descripllon of lhe formation of panicles and assess·
ment of param.ters of th. dispersion ront.nl of n,dioaoU\'e falloul at a>slgned
distance' from lh. lCSl ground.

The model of formation of r~dioacti,-e panIcles i' 'imilar. In regard to iI'
cont.nt. to lhe on. pUI forv'ard by brael (1973), Thi' mod.1 is used to estimale
a<ll"illes of nude; of an ilh radlonuclid. that fonnedlnslde (V,(I» and on th.
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Tobl< li.16 E"imate. of doses of aternal irradiation r=i"<d by Ih. population, of
Kou~h"an li"ina in Ih. ".,inlly of the S<mipalalm,k T." Slle during th, 1949 196.2

lime period (Gu,",' .nd Ku"kin•. 1996, Kaza~h"an. 1997, T.yb " a1.• 1990),

Coll<C1i"e d""" (penon-Sv)
Average,.., ,"em.l d"",' Kaza~h T.ybetdl"

Di"ricl or ci'y population' (penon_InS,') >ludies ,..,
Aba; di",ic!:

Koraul 233l 3S7.9 ."Suzhal m 1163.3 ..,
l&>Il'o'al) 602 (total)

Be.karap) di"rict'
Budene m 1679.4 ""Dolon .., 2174 ,%,
Klnonorka 1227 .." 1032
Mostik "" 127 •
Teh<remu,h~y m '" ".l634 (total) 1397 (total)

Zh.n..."",) di"ric'
Sa"ran '"' -.., "Znarnenka ~; -.., M

43l (10101) 0.11101.1)

Semipalatin'k city 1630()() '" 607 ('otal)

Sum of colk<,i'e
dose' (person-Sv) "00 '000
• Gu,,,'" and Ku"kllll. (1996)
t [>.cop< fo< S<mipilil;n>' <il,. Ih< ""Un>.«< of....,..&< """",-,I dose .re "k"o from K...'h"..
(,m),
I hi... of ""llecti'" _ ~·.re. for the K...l;hm.o "udie~ ob<"r.e4 ., tbe p'04.... of ,be 1%Ol
_"',"'" .ed or the ....,"&< """",-,I dose, ,he ,'.1 .... ref<-rt«i 10 h,b " <d. (11'90) .,.. d;"'"
q""'.. f,om 'ho' reference
, Th< <>um>lW ....,.... 0>:""",1 00t< for tbe s...upW'lns' "udy ~.. 00ta,ee4 .. ,be qUOlie1Jt of
lhe ""II«:<,\< ~"'" report<d b} h,b" 01. (19'JO) .ed or ,he 1%0 popw.u"",

$urfa"" (5,(1)) of T.dio.eti"e panicles, B}' the model of aerosol faUout the "al.e
of lh. expres,ion V;-IS, i' "'limated, wh.,.., V. i' the \'olum. of fusion of all
r.diO;OCli'·e fallout at some dhlance from Ihe ""ntre of the e~plosion, and S. is
Ihe surface area of Ihese partides. Further, from deri' ed ,'alues of paramete...
Ihe d.nsily of fallout of an ith radionudide is cakulated'

_ ' V;(I)k + S;(I)
",,(I) - "'c.(r } Vc,(I')k+ Sc,(,.) (6,14)

whe~ I'c,(I'), Sc,(I') a~ activities of "'Cs in Ihe YoJumc and on lhe surface
of panicles al a time I' > 20 min;
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(6,15)

with VIS the relation of a fusion ,'olume to a ,urface of all particles enga~ed in
the irradiated area; <'c.(r);s the dens;ly of fallout of "'C. calculated as

"c,(r) " (,,(,(t.) - u:,,(t.») exp{(I. - I').\c,} (6.16)

with <,,,,(I.) the densit}' of contamination of soil with lJ'C. measured at a t;me
I. after the test, <1,(I.} lhe density ofglobal fallout of "'C. at a time I. and -'c.
the r~dioact;ve decal constant of t"Cs

ESlimat;on of effecti"e d""" of external exposure;, perfonned with the help
of rate dose coefficient' (pSv S-L~(H.q m ') fOf dilTerent ~amma ;rradiat,on
nudides. Values of lhe coefficient. in question are obtained from published
data (Jacob eI al,. 1988),

In order to make up a hst of tests that ,,",ulted in fallout on the territo,)" of
the Altai Region. trajectories of the tr~nsport of air masses from the centre of a
test ....'ete m",klled (Loborev 01 al.. 1995), In addition. an anal}'s;, of fallout of
beta radiation on meteorological station, and adjacent areas. from 1952 to
1962, was carried Out (Gamayunov 01 at.. 1995).

An interesling melhod of identification of nudear test, that could h3\e
conditioned radioacti'e fallon! ;n area, with an anomalou, content of mC,
was proposed by Illael nul. (l998). The method i' ba>ed On the analysis ofthe
content in radioactive parltdes identifie<! from the radioactive falloUl palleln
of Wme long-ii"e<! radionuclide<-nudear fuel fiss'on prodUC1S. soil neutron
aCli";ty ('''Eu. ''''Eu. etc.). and the comparison of lhe ratio of lheir panicle
content wilh similar ratios for other product' of a test. Implemental;on of the
proposed melhod. howe'er, requires precise measuremenls on the edge of
capabiliti.. of modern equipment,

Of other ,lud,es rdated to dose reconslruction methods, nOleworthy is the
work by Barko"ki eI 01, (19943) lhal demon,lraled lhe necessily to consider
beha"iour 't)'les of a populalion ;n oontaminated areas, and lhe one by Via",...
(1994) who put forward a probabilily method of calculalion oflhe stroclure of
radioaCl;"e conlammalion of agricultural products,

For practical applicalion of method' of mathemalical modelling in problem'
on do," reconslroction iI,s necossul)' to have delailed informal ion on the
.lrocture of air currents "'hen nuclear tesl e-,plo,ion, were perfonne<!, A
network of 'lations for hIgh allllude ",unding of the almosphere in the area of
Western Siberia-KazakhSlan was not dense enough 10 recorullruol the ,truc_
lure of air current, wilh required preci,ion toda;. For lh" reason, methods of
full-scale mathemalical modelling haw nOl been widel}' adopled in practical
works on recon'truction of doses of Altai Region and Kazakhstan populations
due to nuclear tesl' at lhe STS.
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Al pre>cnl Ihe firsl resulls of Ihe Altai population do>c a,se"ment ha"e been

obtained on Ihe basis of data from measurtmen" of currenl me, conlami·
nalion of SOIl. These re,ults. howe"er. have not been publi,hed yel.

Mo"" reliable and numerou, dala on Ihe a'se<,menl of dose< of Aluu and
Kazakhstan residents ha'" been obtained with Ihe help of melhods based on
mathemalical pr""""ing of archival radialion 'ur....y dala. In particular.
Lobore.... ~I al. (994) and Djachenco eI al. (1998) wilh use of aClual dala
(Andr;-.;hin eI ul.. 1995) conducled reconstruclion of external and inlemal
effecl"" dQl,e, and lhyroid dose< of resident' of Ihe Altai Region and
Kazakh<lan due 10 nudear upla<ions on 29 August 1949 and 7 AuguSl 1962.
This group of ,pecialisl' estimaled dose< for lhe population of a number of
seulemem, in Kazakhslan due to all nudear explo,ion, at the STS (whore,'"
al.. 1997). Gord""" ~I ai, (19950) eSlimated Ihyroid doses for Ihe Allai Region
populalion due 10 lhe nuclear lest on 7 August )949. The results obtained
demonstrale Ihe following detail,.

The nuclear expla<ion on 29 AugU<l 1949 produced Ihe greale't impact On
lhe AltaI Region populalion. In Ihe Uglovski districl maximum external dQl,e
(ED) "alues attained ~ I&J() mS,'. the length of an area from Ihe conlre of Ihe
lest where dose. e,ceeded 250 mSv ".-a. ~ 270 lorn (Lobo""v ~I al.. 1994). and
lhe colleclive dose for the Ailai Region population was ahoul 30 000 person-S'
(Djachenco eI al,. 1998).

The largest a""a of conlamlnalion-pracliCall}' Ihree-quanen; of the Ahai
RegIon terntory-wa, Ihe resull of lhe explosion on 7 Augusl 1962 (woore,
n al,. 1994). High po<l_l..l population expo>;ures are nOl expecled: Ihe highesl
ED ,'alues. formed in lhe nOrthea'lern pari of lhe ""gion. did nol exceed 30
mSv. "ilh lhe coHective dQl,e for the regional populalion being about 3000
person-S' (Djachenco eI al,. 1999).

6..4,3 Local and regional d""'" from inte....1irradiation

As for dose< from external irradiation, dose< from Inlemal irradIation are
deri'ed from the knowle<lg<: of the acti,;tie, thaI we", depo,ited on the ground
There are four po"ible ways for radi""cti..e malerial' le) enter Ihe human body
(Gord"." n a/.. 19941'

1. lhrough food. when people eat food'lulh polluted by radionuclides:
2. by the inhalation of polluted air:
3. contact. when radioacti"e materials penetrate lhrough 'kin,
4. thrOUgh wounds,

The most Imponanl pathwa:'!, of e.• posare for Ihe ~eral population are
usually ingestion and inhalation

Internal do.. by oral intake of all radionudide<. e.'cept radioiodines, i,
deri'e<l on lhe hasis of the method of accumulation coefficient'. To estimate



'" I'UCLEAR TEST EXPLOSIO~S

intakes of radioiodine with mill; an exponential model is applied. The model
has lhe following fonnula

11,(1) "Ai...., "p{-(\ + ',)(1 - I, .... )} (617)

,,-here A/(I) i.the specific contamination OfTt1llk with an ,1h radionuclide al a
lime I after a ,est; 11,,,,.., is lhe maximum specific contaminatIon of milk
monitored at a lime "D''': >'i;$ lhe ConSlanl of lhe fission of an Ilh iodin'" and
>.." i. lh. con.lanl of biological purification of pastu~_

The calculation of internal exposure through rale, of oral and inhalalory
imake. of radionudides in Ih. organism is porformed on the hasls of dMi.
metric models of organ' which the authors hay. dey-elope<! themseh-es. and.
generuny .peaking, ore different from dosimetric model' rt:rommended by the
JeRI'. Researchers from the Moscow In'l,lule of BIophysics ha'-e de'-eloped
an e1aborale model for the aSseSSmeDl of mternal dose' (Gordcev el al.. 1W4.
1995a.b), In lhe model for inhalation. il is a.sumw lhal panicle, "'lth a size
e,=ding 50 I'm are too large 10 enter Ihe respiralory ,yslem lhrough eilher
lhe nose or lhe mouth_ Another assumplion is (hal radioacti"e male rial' enter
lhe human body lhrough unprolectw brealhing organ. only altime D(I). when
lhe radioaclh'e cloud pa>...s lhe locality cons'derw.

The amount of radioacti"e materials which can enter into lhe re,piralory
lract system and remain there, G""" is cakulatw a,'

G",,"F..,'CXVXIXR

where F." is lhe fracuon of inhaled acti,;ty lhal remains in Ihe re,piratory
sy'tem: C is lhe ",erage concenlration of radioaeti'e aerosols near the ground
during passage of lhe rad,oacli'-e cloud (ei I '1-it is proportion"lto the net
dose, contained in the doud. when it passe, the location: V i' the brealhing rale
(L h '); and R is lhe fraction of acti,-ily in the cloud that can be inhaled, A
similar expression is recommended for lhe calculation of lhe amOunt of any
part;cular radionud;de in lhe body. Afler Ihal il is possible 10 <:<timate the
di'tribution of ;nhaled rad,oacli"e matenals III different organs of the human
body. e.g_ nose. lung,. blood and lhyroid.

The main source af internal radiation i' food. According 10 Gordee, el al.
(199Sa). food i, re,ponsible far 90-95"1. of the dose from internal irradiation.
One af lhe Ill"'l imporlant paramelers lhal enters into lhe calculalion. is the
fraction of falloul act;'-il; that i' retained b}' "egetalion; Gordeev el al. (1m.
1995a,b) e:slimatw the >alues of Ihi' paramelel as a function of the distance
from the ceDlre of ewlosion and the dens;l}' of 'egetalion. In agricuhural areas
"here cow.. are kept on pastu","" milk is the main palhway of e_'pesure to
humans. A<xordmg to Gordeev el ai, (19950). if ~, is lhe rale of radioacti'-e
decay of radionudide i, and ~~ is Ihe rale of grass growlh, lhen concentration
ofa radioisolOpe in milk al momenl I. A~lt may be expressed by the folio"'ing
fonnuloo
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11'(1) " A:.,.,' exp[ - e\, + ),.,) (I I...,)]

where I..., is lhe lime of maximum radioiodine con';enlration in milk and Ai....,
descrit>e. lhe maximum concenlration of lhe radionuclide i in cows milk-il is
proponional to daily g,....'s consumplion and in,er... to excrelion of the
nuclide,

Although mo,t fi"ion products ha,'e a low uplake 10 blood. some of Ihem.
'uch as L 0. and Sr are absorbed effectively b}' the blood syslem and accu­
mulale in "arkm' lissues and organs of the body. In the model of Gordee" n
al. (1995a), lhe dimibUlion between organ$ and lissue, of the mDSI importanl
radionuclid<s en1ering lhe human bod}' with milk isestlma,ed. The net dose for
a gi"en organ by Ihe ith Tadionuclide ~" as a function of (1) m,11: con$umption
V"" measured in litres, (2) lhe effecti"e energ)' of bela irradialion of ,)h radio­
nuclide £,. and (3) the mass of the con'idered organ. m. i"

Dk = 5.12 x lQ'gd,£, -'-(1 _ expH.\, + ).,,),1])
m),. ),.,+),.,

... e~( -~):I _ exp(.\, _ ).,,)>11

where g, is the amoum of the considered radionuclide thaI emeIS the bod) in
lhe first da)'. it is proportional to Vm; Ii i, lhe amOUnl of lhe nuclide Ihal
reaches lhe considered organ; lhe last portion of the nuclide enters tlie bod} al
'he moment >1: ),. is a comlant of effective excretion of ,he nuclide from lhe
bod}' daily; and ),., + ),., is an e!Teeti"e rate of milk purificalion from lhe ith
radionudide.

With Ihe help of (h,s modd. doSC$ arising from internal irradiation were
calculated for inhabilanlS of the Allai region afle' the explosions of 7 August
1%2 and 15 January 1%5. Calculalion' include eSlimates of intemallh).roid
doses for almost every "illage in the Allai region that wa' e~posed to radiation
impact resulling from the nuclear lest of 7 August 1962 (Anon)'mous. 1995)
Th= do... estimates. show1t in Table 6.17. were obtained b)' specialists from
Ihe lBP,

Table 6.18 gi,·.,. obtained doses in different organs of an adult from test, on
29 August 1949 and 7 Augus' 1%2 (u.borev" al" 1994; Djaclienco N al..
1998). For the test on 29 AUgUSI 1949 a point is considered _ 24(J I:m aW'ay
from the centre of Ihe e'plo,ion on lhe axis of the route of the radioacti"e
cloud (Uglo',ki district), For lhe te,t on 7 August 1%2. a point is considered
at a maximum falloul area lfi the northeastern p.art of lhe region (Zarinski
district).

As seen from Tables 6,17 and 16.18. there is a significant di!Terence in
thyroid dose as,.somenl of "'sideots of the Zarinsk di'trict afte' Ihe explos,on
on 7 An8ust 1%2. Do..-. calculated by lhe IBP's methodology (Gordeev el al..



'" ,"UCLEAR TEST EXPlOSIO:-;S

TobIt6.17 Inl<mlilhyroid dole< due tn tho nll'kalltsl OD 7 August 1961-
mG,

Ai< iIT'up

s..."le1TIen, " " W, '" ~,

Aiciok 00 ,~ ,," ~ """. ,., 00 ,~ " ,~

llama"! ,~ ," 'W " ~

lIurk. 'W '" " n "Alam!xli' ,,~ ~ -,., ,,., "00
Ra"yp."y,' W~ ""

,,., ,~ ,~

"almonk> no '00 " " "K""ikh.o no '" 120 n ro
I'otp<likha ,.,

~ ~ m '"Rodi"" ~ '" '" • -,
Rublso"k ,W "" ,~ ,~ '"Udo,'.ke" 'W 210 'W ,," '00

• SeI,,,,,,,",, of ,I>< Lonn,k <1",,,,, locot«! ,n ." """ <:>f """m"", f.I"'"

T..... 6.18 [."mat.d d""" mGy, in d1tT<rm, "'P"" of. h)'po"<lical
adul'. For ,he '0;1 ."pIosioo OIl 2'J Au,">! 1949. the I"""'i"" e<>tUid<m1 i<.
po;ot approxunatell~,j(I krn .~ay f"'m ,he STS In ,he U""....l" d",nc1; for
,he 'est on 7 AoJUSI 1962. ,lit locotion ron"der<d i•• poin'.'. maximum

r.llout uu;n 'he nonh""<m pon of til< ",gion (Zarin,b district).

Dose.mGy

T." 00
OrIOn 29 "'DiU" 1949

Un...ry bladder 20
Stomach J7
Small III,...i"" S6
Upper pan of tilt 1a'1I" ,ntoshoe 230
l<>",~ port of 'he t.'¥' m,..,i"" 660
Kidney> :ro
Lj'.r 21
LunR' )(i
Skeleton 116
Yellow hoI>< rna""", 136
Red bon< m,or"", 70
Skin 18
SpI= :ro
Tesld 19
Th)"oid 2&00
Ute"" 21

T." on
7 A"lInl' 1961

B,.,
"".205
2,6

""...,
H
B
24

,~

27
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Table 6.19 Feed anim.ll~..n.fer facton from feed to .nimal proooct. (m<>1 .nd milk)
IVl.uov" cl.• 1994),

,~ ......1(flq ka ')lfflq d.y ') Fe«! milk (flq I-')/Iflq d.) "
Radlont>elide Minimum M",;mum ~l'"lJtlum Ma,;mum

" 2.0xlO' 6.0 x 10-' 1.0x1O' 2,OxlO'

" 5.0xlO' U x 10-' 5.0x 10 • ].SX 10-0

'" 2.0x 10-" ~,OxlO' 1.0x10· 1.8 x 10-0, 2.0xl0·' 6,OxlO' 5.0x 10 ' 1,5x10'
C, 5.0x 10" 1 1X 10-1 5.0x1O' 1.5xlO-',. 2.5xl0· 7.5xlO' J.OxIO' 7,OxlO-'
C, S.Oxl0' 1,5xlO-o 5.0x 10" 1.5x 10-0
~ 5.0x 10" i.5 x 10-' 5.0xI0' 1.5xlO-o

1995d) are nearly a magnilude hIgher than those deri\od b) the melhOOolol\..\
de\'eloped by the CPTI (Lobore\ el al,. 1994).

Another model wa, del'eloped in Obninsk (Vla>ov. 1994). The model
asse,,,,, the oontamination of agricultural produ,,". 'Ianing from grass to
meat. by randomly distributed radionuclides with a gi'en composition. The
model takes into accountland·use structure. soil cond"inn,. inhomogeneity of
contammalion of arable land. eto. The model was usod to estimale the con·
centration' of different radionuclid.. (Sr, Cs. Ce and Pu) in agricultural
products of the Altai ",gion after Ihe explosion of 7 August 1949 (Vlas(>\' N al..
1994). The animal feed transfer factors for radionuclides from fodder 10
anImal products (meal and milk) are shown in Tabl. 6, 19.

Estimates of doses from internal irradiation are also available for Ih.
populations hing in the' icinll) orthe $emipalatinsk Test SilO (Tables 6,W and
6.21). Internal doses presented in Table 6.20, pmumabl) in lerms of efTecli"e
dose. are aboul equal to Ihose due to e"ernal irradiation (Kazakhstan. 1997).
In Table 6.22. e<>lIecliw doses from inlernal and e~ternal irradiation are
compared (Tsyb £1 "/.. 1'J'9()). In Table 6.22. Ihe internal doses are expressed in
lerms of organ or tis,"c doses: as expeclod. the Ih}TOid do,"s are much grealer
Ihan Ihe external dose"

6.5 ;-';OVAYA ZEMLYA (RVSS1A)

The first nuclear ",eapons lesl at :-"o"aya Zemlya (Northern T"'I Site) was an
underu.aler shot of 3,5 kl conducted on 21 September 1955. and Ihe last one
was an underground Ie" on 24 October 1990 (Andr),h," £1 ,,/,. 1996), NO"aya
Zeml)a was Ihe sile of Ihe la!)'eSl nuclear weapons le,t. a SO MI e,plos;on aI

an altitude of about 3.5 km on 30 October 1961. In all. 130 nuclear leSl, look
place aI NO"a)'" Zeml)a. '" ith a 10lal c.'plosi'·e )-'iel<l of 26S MI (Andryshin et
,,1.. 1996)
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hbl.6.20 E"im.tt<I dose> of ..temal .nd ill1ernalmad,ation Iecci~ed by the popu·
l.o,ion. of Kozakh,tan li,-;oi in the vicinity of ,be S<:mip;11a<insk Test SI1< doring ,he

1949-1%2 period (Kozakll't.n, 1997!-

,~ A.<TO¥< .".m.1 A,·....i< internal A"orai' total
Di"rict or city ""pula';on" dose' (mSy) do..' (mSv) d"", (rnSq

Abay dhtoct:
Koranl ':335 3579 ,W ,W
Sa"h.l 8.12 1163] ,~ -!k<karaaaY dimi.t:
Bud.n< 32\ 1679.4 ,~ "'"Dolon ~ 2174 O~ "'"Kinon.," 1221 840_9 ,~ nw
M"'tik m 12.7 ••• "Td•• ",mU3hky '" '" ", OW

Zhan.",mey dim""

s.a...."'" '" -~ -~ -",
Zoam",h W, -~ -~ -",

• ON'" 000 Ku"klll& ,1m,
t KOLOkh"'_" (1997)
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ESTI~IATION OF DOSES

6.3.1 SIal... ord_ r<'ro/lSlNOlioo
'"

E,-en though the nuclear t"'l' conducled on Ihe No'aya Zomlp i,lands
accoumed for aboul halfof the IOlal ene'llY yield of all nuclear tC$1$ carried OUI
"·orld-wido. lhere i' "ef)' Iinle a,-ailable informal ion on 'he local and regional
d01e1 ""ulling from 'h01t: 1"'". It i' likely. howe,·er. 'ha' ,he local do1es '0 off·
,ile "",dem. were rela1l"el)' low for 1"'0 reason'.

1. mOSl of 'he almospheric dc,·icc1 were exploded al high al1ilud... so 'ha"he
e.<panding fireball did nOl louch lhe ground surface. Under 'h"'" condi·
tions. ralloU! occurs 'cry ,lowly and i' dilu,ed o"er "ery large area', Only'
one surface IC$1 was COndUCled. a 32 kl delona,ion on, Seplember 195,.
There were also 17 underground le'l1 lhal ,=ted. resulting in most cases in
on_.i,e conlam,nalion (ml) (DUNSOV (, a/.. 1m)

2. T1>c No'"ya Zomlya tesl 'ite is large and isola'e<l, The t"'o N",,,ya Zomlya
islands ,ogelhccr mea,ure aboul 900 km in length and gl loOO km' in area.
The ne....' village. Amdenna. is 21lO km away The much larger popu·
lat,on centre of Arkhangelsk i, approxima,c1y 1000 km away. and three
"illag.-. lie al intermediale dillances (IPPNW. 1991),

An integrated research prollramrne of analy,i, of lhe seismic, radia'ion.
sani,af)'. and c<:ological ,ilualion ,n tlie a..,a of lhe 1"0' aya Zomlya tesl sire has
been undcnaken (Dubaso' el "I.. 1994b) bu, ""ul1, ha,. no, been publi,hed
y.l. The availab1c infonnal;on "mainly rclale<l1O on-sile comamina'ion and
10 Ihe doses re<:ci"e<l by' reindeer herde... ,,'ho are lhe crilical popula,ion in ,h.
lichen-reindeer-human foodchain, High values of we, concenlralions. and.
10 • smaner degree. of ""sr. ha"e been observed in reindeer m.al. which i,
Ihe Slaple food of ,h. r.,ndeer herders, Th"", "'C. concrmration, rough!)
dc<:reascd ",'i,h dislance from 'he ,.., 'ile, Lt,'.I, of ,,·c, in reindeer were high
becausc Ihe l;eh.n,. ",h,ch arc an imponanl food for Ih"'" ammal' dunng
winter. efTecli"el) entrap a .ubs'an,ial fraction of 'he ,'·C, actj,'ily falling on
to lhem. and relain il for sc' eral years. A comprchen,i"e IQ,csligalion of lh"
foodchain has been performed for lhe en'ire Ru'sian coo,1 of the Arcl;e Ocean
(Rarnza., er "I.. !993).

6.5.2 Local anod ~iO<lal doses from .......nal imodia'ion

Currcnl •.1po<ure rat", in thc 1"o,,,ya Zemlya islands 'af)' ~neralJ)' from 810
12 I,R h ' . ..-hich i' 'imilar 10 the range obs...ied in adjacent area, and rep­
rcscnl5 .-ISCOliall)' nalural background radiation (Dubas<>' el al,. 1994b).
HowcyCf. much higher expo,ure ,a,es can be measured in -Imall area, locally' in
IOn. 'A'. '" here Ihe surface nuclear IC$I ..-as detona'ed on i Seplember 1957. Ihe
cxp<»UtC ra'c docs nol e~cccd I mR h l in an area I.,s than 10 m1; in lOne 'U·.

w~ic~ is (~c sitc ..-~crc lhe underground nuclear t",1 conducted On 2 August
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TUIt U3 M~WOl:tfIlfIllODS 0( ,,·c, (Bq tl ' j ill~ 1'CIlIdm. aDd 01bc:r
••" ..........IaI ....tmalo fMllllb< R..- ollb<Artu< 0<:a4. r...... 1963 to 19\10

(Du~ 199-l~

Typo '" oampIe 196J ,... 1",-ln 19l1O-19U 19U 19\10

M_ ill-:60 '" .~ -,~ "..... I'll 110..... "SO 1"00 I )l)l)...1700 "SO-ISOO._- -5-'-0 10-1100 lIOJ"O "',. <0-"',.. 16-r " " lOo-l.· a-J.7 H
Milk ., .. ." .~

Goeto. <ho;ks I' -22 " " • S-IS

1987 '<filed. 1"" exposure rale il up 10 80 "R h \ in an area ofabout 100 m:; and
in lone ·C·. whICh wa, lh. ,it. of atmosphenc .,p1OSI0nl, tlle exposu", ral< does
not .>.C«d SO I'R h ' in an arc" of about 0.5 km' (Dubuov., al" 1mb).

Infonnolion on "PO,UfO ,ales or doses from "'<rnll] irradiation In OfT.•il.
areas hu nOl been found.

6.5.3 LonIl .... ~.l ........ r... 1m..... , irnHIio'ioa

Rcsu.ltl 0( rTln$\Imn<'Il'-' of WCJ ,n l~bm. mndcrr. and otbtT en';ronmenllll
....1nWi (rom II>< Russian toUI o(lM Amic Ocean are preocnlCd ill Table 6.13
(Dubasove,aJ.. 1994bl· Tbc "'Cs Ir\'ds in mDden meal a... mudl pa,l..-than
\host IJI nu.Ik. fiih.~. or duc4 Thc1d"ore. people oucb lU I'eIf>d«r borden..
..1M> uK reuKlcer ",...1 a> a lolaple food. =ej,cd mllCh "'chn il11emal do<>oe5
\han llw: IIfbI;n ~u.. ...100 con_ i(....x•• ....,.1 onI)'~~ II"
""lIDlIled that the reuKlcer biudullla,·~ncri'w iDtanIl ~«tn~<10K ral..
fl'Olll Iren",,". 10 a ......tIer dqr<c. rrom --Sr. of 1 mS, ) ., 011 a'-ma... """" tbt
carl) I960t (RamzK'\ ~I aI.. 19931; ilx dOtG 10 Ilfban rnidmu.. ill <:OIl1rul. an:
numated 10 ha,~ been aboul 100 limes Iov.w (RllJ1\2U'\ ~r aI., 1993).

66 LOa NOR (CH1:-'A)

Ch;na conduclr<l)4 nuclear ",..aponll..ls !>ell....n 1\l64 Ind 1988: ofl!>ese. 22
"'..... Ilmospheric lesl' and lhe olhefl "'.... und~r¥round (IPP", W, 1991; De
Geer. 1996; Liu Ying and Zhu Chan..hou, 1996). Th' lolal '-'rio,"'" )',dd or
Ihe 22 almosrher;c 10m "'II lboUI 20 Ml.

6.6.1 Sta"" or dow ,__I......,1on

lillie UlromulJOn is a il.abk 011 dote reconstruction efforu earned oul ;0
Cluna For cadlltiL M'alsurW)10& mnho<b "' ,,00<1 UI ol'lkr 10 ,xl","""""
tbt mjoaOf) of lbe cloud eal'T)i"l tbt radlOKli ckbnl. Balloons n:leasc<l
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before the test helped 10 prediCI lhe IrajeclOI)' of the radloact",'e cloud. After the
test, an .eropl.ne equipped with sens;ti\'e radi.tion monitoring instrumontS
flew b.ck and forth to detenn;ne the posilion of the cloud .nd w measure
exposure rates, Also. sounding b.lloons carrying r.diation delecto~ were
released below the ra<!i<>;<Cli-e cloud in order 10 measure the vertic.1 profile of
rad;oaet;"ily wilhi~ the cloud (Zheng Vi €I at.. 1996), A model of almo,phe,i,'
transport and deposil;on wa, developed in order 10 prNliet external exposures
up to. dist.nce of 800 krn downwind from the tesl sile (Zheng Vi., aI., 1994
1996).

I~ addilion w the early detection syslem described .bo,·e. a nationwide
mon;loring netw'ork for en";ronmental radio,cli, ily of 45 stations was sel up
in lhe early 1960s by Ihe \1;ni'tl)' of Public Health (Zhu <I al.. 1994). MonI_
toring data include lhe deposition densities of import.nt f.lloU! radionuclide'
and radlonudide concentratiOn> in air, drinking water and in foodstuffs
(China. 1990. 1995). Dose' are deriyed from lhe me..urNlle\'els using ICRP
and UNSCEAR model, (Ye. 1994: Zhu el at.. 1994: Liu Ying and Zhu
Changshou, 1996),

6.6.2 L<>eal ond ~onal doses from external irradiolil)ll

The .bsorbed doses in air mea,urNl ouldoors in """'eral populalion centres
locate<l downwind from lhe leS! sile al di"ances ranging from 400 10 800 km
are presenled in Table 6.14 (Zheng ~I aI., 1996). The measured le"els. ".-hich
include exposures resulling from .Il imponant Chinese teslS.•re compared
Wilh predicte<l \'alues obtained us.ng lhe atmospheriC lr.nspo't and deposition
model (Zheng V; €I al" 1996). A re.sonable agreement bet""een measured and
predinNl "alues i' oblaine<l for mOSl cities. The aYcrage absorbed do,,", in
outdoor air is 0,18 mGy: a"umi~g Ihal people spend. on a\'erage. 80% of their
lime indoors where lhe sh;elding f.clor to ouldoor radialion is 0.2, and that
lhe con"et1;on coefficIent from absorbed dose in air to effecli". dose is 0,7
(UNSCEAR, 1982. 1993). a mean effecti"e dose of 0.044 mS, is estimaled for
the population, l;vi~g downwind of lhe lob Nor nuclear tesl ,ile'l distances
ranging belween 400 .nd 800 km.

6.6.3 loc>Il and regi<Hlal doses from inf~rn.1 imldiafi<Hl

The en\"onmental contammalion caused b}' llLl h.s been reponed b)' Liu
Ying and Zhu Chang,hou (19-%), The highest depo,ition !e"d, measured m
the $lation$ of (h~ nationwide mo~iloring nelwork are presonle<l in T.ble 6.25.
and eslimalNl lhyroid doses for adull' are 'hown in Table 6.26. The adult
thyroid dose' arc found to r~nge from 0.06 mGy i~ Taiyuan 10 2.S mG} in
lanzhou; th}TOid do,,",s to i~fant$ would be .bout 10 times higher. Th~ a"~rage

th}'roid do,,", recei\'ed by lhe Chin= population as a resull of the tem
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Tobie li.24 Outdoor air absorbed dOlO', in mGy,
in url>a" ....., k.",,,ed b<:''''ccn 400 .nd 800 kill
downwiod from the l<>b Nor .." 'it< (Zh<nJ Vi

<I al.. 1996)

Cit; Or 'Own

Xihu
Ami
T.,h,
QiaowlI.n
Yumrnzh<n
Yumen,hi
Jmt.
Ji.)ug~n

A,··....i<

"~
O~

0.065
O.ll
0-015

'""0.0045
O.Oll
O.IM

Tobit 6,~ falin"' of "'I. in kBq III '. in "'",. ..goon, of Chin.
(li" ViOl and Zhu Cb.n~hou. 1996).

Test number "nd <la,.
4 (27 October 1%6)
5 (28 December 1%6)
12 (7 i,nuoI)' 1972)
IS (11 June 1974)
18 (11 No"ember 19;6)
22 (16 October 1m)

R~on '''I deposition (~Bq III 'J

Xi." (3)

Sh<nj'.nll 4.&
Lanzhou 5,1
Lanzhou 10
Hohhol 0.22
Xinina 10

Thl'mid Effe<t,,~

R.g,on do.. (mGy) do.. (rnSv)

Chanj!<h"" 0,16 O.DOllI
Sh.ny.n~ " 011
T.,yuan O.OS9 0,003
Xi",n 0.14 0,0012
It.niZhou a.ls O,007J
Cbang,h. 0, II 0,0054
N.nning 0.097 0,001
Hohhot 0.97 0,0$
Xininll '" "'bn.hou " 0.1 J
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""ndueled at Lob Nor i$ e$tnnOlod 10 Ix about 0.14 mGy (Lu Ying and Zhu
Changshou, 1996).

The long. lived fission produclS ~r and lJ1C. ha,'e l:>e<n monilo~

lhroughoul China since lhe eafly 1960<. E'..n though the a"erage deposition
<knsil} of""Sr $«ms 10 b< hale l:>e<n lower in China lhan in the remaind.. of
lhe Korthern Hemisphere. lhe imemal doses from ~f are eslimated 10 b<
higher ;n China than in lhe remaind.. of lhe Northern Hemisphere. This
apparenl discrepancy i' explained by the faci lhal the Chinese diel i$ not
l}'p;cal of lhal of lhe populat;om of Ihe North..n Hemisphere (Liu Ying and
Zhu Chanllshou. 1996). The a' eralle effeclive dose =ultinll from the intake of
""Sf is eslimated to b< 0.27 m5\' (Ihu .r al.. 1994). Mos' of thi' effeclive dose i$
due to tem Ihal were not conducled On Chinese so;l,

6.7 SOUTH PACIFIC: MURUROA AND FA~GATAUFA(FRANCE)

The French nuclear leslS in the atmosphere were carried oul al Hamoudia near
Reggane in lhe Algerian Sahara in I%0 and 1%1, and on the unmhabiled atoll'
ofMurwoa and Fangalaufa in French Polynesia from 1%6 to 1974(Ooury and
Mu,,", 1996). Nudear test. were interrupled in lhe Sahara m 1%1 hecause of lhe
impendi"t! independence of Algefia in 1962. French Polynesia was lhen selecled
a, a new t"'l site. mainly t>ecau;e only 5000 inhahnant> 11\ ed w'ilhin a l000-km
radius of lhe planned gfound zefO in Mumroa (lPPNW. 1991). Fouf almo­
spheric 1"'1S were conducted in Ihe Sahara and 46 ,n Polyn",ia (four at
Fangataufa and 42 al Mururoa), The 10lal energy yield of lhe 5(1 atmospheric
lesl' i' equivalenl 10 10 Mt ofTNT (Ooury and MUla. 1996). After 5 June 1975.
all test< in French Polynes;a were condueted underground (lPPNW. 1991).

6.7.1 SIal'" of d.... re<:oBStrllClion

No public infonnalion has been found On dose recon<!ruction effom relaled to
lhe leslS conducled in lhe Sahara. Regarding lhe Ie", condueted in French
Polynesia. annual reportS on the radiological situation in populated atoll' and
island' around Mururoa and Fangalaufa are made a,ailable 10 lhe puhlic and
are communicaled 10 lhc Unite<! Kation' (..... e,g. RF. 1970. 1984. 1993. 1995.
1996). Because French Poljne>ia i' composed of a ,·er~ large numb<r of islands
sca!le~ OHr lafi:< distance>-lhou"'nds of kilometres-in Ihe Soulh Pacific.
radiolollical mOnilOrin£ ha' been mainly carried out for se,eral islands deemed
to b< represental;..e of large afchipelagos or grou!" of island"

1. Tahili (l1O(j()() inhab"anlS) for 1I,. Soc;el}' 1,land,. localed al more lhan
I(j()() km away from Muroroa and Fangalaufa'

2. Tureia atoll (140 inhabitants), the population crntre in lhe Tuamotu

archipela£o lhal is lhe closeS! (120 km) to lhe lesl ,;lee
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3, Hao {liOO inhabitants). also in the Tuamotu archipelago;
4. Mangareva (600 inhabitants) for the Gambier Islands:
5. Tubu.; (1700 inhabitant') for lhe Tubua! archlpelago;
6. NuXu Hiva (1800 inhabitants) and Hi,-. O. (1500 inhabitanlS) fo' the

Marquise lslands (RF, 1984).

Doses are asse~ on lhe basi, of radiation measurements for lhe ",,1"'t<'<l
;slands co".ring lhe terrestrial and lhe marine en'-IronrnenlS. Although occa­
sional v.nting may h3'" occurred follov.'ing Ih. underground {esls conducted on
or afier 1975 (lPPNW. 1991). it does no' seem [0 have lod to a deleclable
,nCrease in lhe .wo,u,e r~l'" or in lhe radionuclide concent,al;ons in foodstuff'
(RF. 1984): thi' implies Ihal annual do~ haw generally decreased 'ince the
mid-l97Os.

6.7.2 u",aJ and .oglonat~ ftom e~lern.1 irradiation

Doses from e'lemal irradialion have only been reporled 'lnet: 1982; lhe
elTeclive d= rates ranged bel"""n 1 and 10 $,- y I in 1982 (RF, 1984) and
"ere eslimated to be Ie" than 4 Sv y" in 1995 (RF, 1995)

6.7.3 Local and rrgioullloises from iOlerl1lll irradiallon

0=, from intomal irradialion ha"e only been reponod ,in.. 1982, Iho
elTectivo dose rate, have been eslimaled 10 raoge from 2 to 32 Sv I ' in 1982
(RF. 1984) and to be 10""' in the e.rl}' 19901 (RF. 1993. 1995. 1996), Tablo
6.27 summarize< lhe dose eslimates for lhe populations of ,·.rious atoll, and
i,land. of French Pol}'nesia in 1982 (RF. 1984), As in lhe Marshall Island"
m"'l of lhe d= is due to the midual presen.. of "'c, m lhe en'-Ironmem.
Tho collecli"e olTecli," dose ,alo for lhe population, of French Polyn..ia i'
esl,rnaled 10 ha,-e been aboul 1 person·S,- in 1982,

Even lhough doses "ere nol reporled before 1982. e'limales can be deri"ed
from reported radionudiM eonet:ntratioo measurements on foodstuff', For
example. lhe thyroid doses due 10 Ihe comaminalion of milk by llLl in Tahili
have been cakulaled b, lhe UNSCEAR Comm,ttee for most years dunng Ihe
almospheric lesling period in French Pol}'nosia (UNSCEAR. 1977). Results
are preseoled in Table 6,28: lhe highesl anoual lhyroid d=s to infants are
estimaled 10 haw been aboul 7 mG}' and 10 h"'e occurred in 1974,

6,8 EMU. MARAL!NG,>. AND MONTEBEllO (AUSTRALIA)

T"el,-e full-",ale lests of nudear "eapom "ore conducled bl Britain 10
Australi. in fi"e ..nes bel"ecn 1952 and 1957_ In O<lobe, 1952. the only toSl of
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ToW. 6.21 blimo,.. of <ff~,,¢ dooa <=Ivtd ;" Fmd> Pol) ...... '" 1m... I
.....1' ofltmOSp/KriI: ...1> comod <)<I' II F.....II..c. &Dd MUJUIOII from 19l16 to 19U

fRF. 19S1).

ElT<etmO <loot rala {S~ ) C~.

"'-b~ ,~ .....
"""- -- lob'I"_ '.....- ,-, <_S.)'}

,- "
~-

, ... U ".... , ... '" •,.- , ... " "TltIlIupon , ... " ",-- o.on,- ... >D 33.... ... U ,
Gom_ ...

Manptt'l " ~ U W
Morq..... ....

"uku-Hi... , ... "
,

A_ "Tub.., , ... ,,. W

Tol>I< 6.28 CO<K."¢l1'ro'iOll' of ," I ,n m,lk In Tahit; aDd oorrnpond.
,n, 'h)'fO>ld d""" '0 ,nf,n" dunnl ,be "moopbenc tnt;nll"'riod in

FTnKh Poll,....,. 11%6-1974} (UNSCEAR. 19771-

'",~
'"'"~".noo

Timo.inl"rlltod m,lk
.,••",. con«ntraMn (lIq day 1 'j

,~,%,
,~

,~

""lonl
,~

19~3

,n

Eotimatod 'hyroid d"'"
to ;nf.n" (mGl)

0.55.,
"~J
0.11

"..
!he KM HlI1"I'iI;:an¢ ..... oond...:te;l on • s1up lICal" \Ion'dodio l$bnd.. W", 111
Oc<ob¢r 1953. !he ~o leiUof!he smes T_ ..~ ""'ll"if:d 0'111 in Emu Fi¢Id.
SA. in \b.) J\DlO 19S6. !be t..o l6tS of 1M KM \l.-i.e ..~ tkIonated OIl
Monldodlo I$bnd.. WA, row IlIOf't WSU"'¢n' ooaducud ill lhe series Buffalo m
Sq>tcmhtt----Qrl:obn 1956 in \IM1Imp. SA; 6naII). Ul Scptnnbcr-Oc<obn

195-, t"" thttt leSU oft"" smes "otlor ..~ dotonated '" \lon.bnp.. SA 1M
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yield of1~ testl \alle'll from 110 60 kl of Thl-cquh'.lctl1: the lotal eoo])'

}rld of tho!;e 12 (<$I, "as Icts than 0.2 Ml of T'\T-equ;'lllmt (\\1~ and
Moroney. 19851.

Ul Sfa_ ....... .-rwct"
Roqb estimates ofdOlI< ha,~ been made for local PJPUIatoon ""'IreS as "'dill
for populalioa. orntrn lhroulboul AlISUll1ia (V,;';" and MOI'OIIot). 1985\

Tbt nwn bod... of radl.allOll dati. and Olher ~1UI1 mfonnauon .,"1.11&1*
10 estimate the do>e> l'bUllUlJ froon lilotc te>U 1IIdtxk:

I. for lbc Dint ntJdea' 1$$ compnsml Ma.aic. Buffalo. aDd Antlc1" lou.!
bm an;'1\..s of r1d>oaucl>dcs m f:allou' d<PMllion aDd '" ... from
AU'ltrll.lia·... i<k lDODltorml propammc5 {Butemellt ~I ill.• 195-, O"}fl" ~I

aI•• 1957);
2. for aD 12 ..uo;kar LnlS--trlI..JCC1onc:s Iakm b). the 13dioacI,,~douds IoCI'OSS

AlI5lraJia (Ga~. 19~. Gale and Crooks. 195-1; f'riroon, 1955, Butemelll
~, 01.• 1958; Ph,Upot. 1951. (959) and metwrolotical rondUlOIli for popu­
l,nlQn c:entrn. u>ch"d,n. rainfall:

J, for lh. >e>''''' ItslS of Buffalo and "o,kr ",l...-nal dooc rate and Lotal bela
aet;,ity of ",diQfludldcs in fallout lkpositioD and '0 lIT "nhon the
proximal regIon of failoul (Carter, 1957: Oal. 1957; Calcr, 1958):

4, for lh, two 11:111 of Totem airborne so...·") of around contamination
(Cambra)' and Munnock, 19S4):

5, for thc lhr<;t tCStS of Ilurric~nc and Mosaic iround conl~m;nallonelf th.
nearby coastal regIon of the mainland and of di<tant population <;tntr.s
(Gak and Crooks. 19S4: Matth ....man. 1957),

6.lU J..ocs,I aad , ..Ional doMs'roon ul......1 irradialiool

External do>ts front local fall""l are not a'lI.ilable for t'" scnes Hurrica....
Totem. and M.....ie of 19S2. 19SJ. aDd 19S6. respect"..,I) External doson for
the series Buffalo aDd Antln of 19S6 atld 195" ..= estimaled from the local
measurm>t<l1< of nl"'lo""' n~ and fallout deposil. .uum,n, llwlll'" e~tet1lal

doie nt. '-an.d as a flJl\C\ioIl of time. I. as r I :. and i'" tiJlJ tbe e:.temal
doie .alC 10 I )_ RnuJu ..,.., ~ted ill. Table 6,29. lbe hole-bod) doses
from exlcmal inwbauoa are ewmaled 10 ha,.., been < I mG) III all local
populauon CC1lUU that ...= _tortd.

For dilunl populat>Oll CC1l1re1 ll1roulbout AUSlraha. .... e:.,emal ...-lloIt-
bod) """"" D('I for Mosaic. Buffalo. and AOIIn' ...= calclllaled
......, .... (............, tq lIOIl:



EST[MATION OF DOSES

Tab'" 6.29 ESllma,ed .,.....¥< .,;,<ma[ whole-body do...
from pro,ima[ fallou' f'om nuclea, t.", of 'he ><ri... Buffalo

and Anti., (""10< "nd Moronoy. 1985),

'"

s.ories and '<>'

Buffalo, ,,,,t [
Buffalo, 'ost [
Bull.lo, lCOL [
Buff.lo, lesl )
Bnff.lo. 'cst 4
Bull.lo. 'cst 4
Ann.r. t<s, I
Antl.r. 1." 2
Antler. te" 2
An'lcr, to" 2
Antler. tes, )
Antler. Ie" j
An'ler. t<>t j
Antler, ,,,,t 3

Popu[>tion =1...

Coobe' Pe<ly
Iniom.or
McDou.ll Peak
),1.ralinp Vill'J<
Coober Pe<ly
Ingomar
'm.
Coob<r Pro)'
Ingomar
~hbel Creek
Bn1llannia
Ea[biIno
MoDou.ll Peak
Mulgalhmll

EJI'.ma[ whok-body
d"'" (mGy)

0,2....0,68
0.11....0,)

0.0;
0.003
0.045
0.12

0-05-0,)7
.~

002
0,0)5
0,00.1

0.26....027
0003

0'

D(t) '" 0.17 x 1°'''''' F" S

where D. in lOGy, is ,h. e"ernal whole-body dose d.li"....d dunng Ihe fim
y.ar following the e,pl",ion (In faCI, Wise and Moron.y (1985) "pms Ih•
• "emal dose in I.nn, of .ffecti"e dose .qui,'alent. Th. numeri<:al mults of
lhe two quanlilie, are similar in lh. case of .,lem.1 irradiation from fallout.);
I, in days. i' lhe lime of falloul me.surem.m after lh. O'plosion. in the range
from 0.110 2() day>; F, in MBq m ',i, the .mount offalloul per unil a...a of
ground' and S is a shieldmg factor lh.l lakes into a"ount the ground rouglt­
ne" and the absorplion of gamma radialion by wall' (For Aumalian oon.
dilion,. lhe average "alue of S w.s esl;mated 10 be 0.28 for urban cent ....
and 0,34 for rur.1 communities. Th. overall a\'erage for Australia was lahn tQ
be 0.34,).

The number of di"ant p<>pulalion cenlres that were monilored was 85 fQr
Buffalo and Antler. and 29 for M=ic, Estimales of e"ern.1 doses are anil.
able for .ach monilored p<>pulalion cenlre and for each te.t oflhe lhr.. serie•.
External doses for lhe series Hurricane and TOl.m were e'timaled by ocaling
the resul .. from .imilar nuclear tesl, oflhe serie' Mosaic. Bullalo. and Amler
a"'ording to the known yield' of lhe explosions. The ."erage do'" from
external ,nadialiQn for lhe AU'lralian p<>pulal;on we.. found 10 be quite low:
OJ)II mGy for M=I<:, 0.0041 mG)' for Buffalo, and 0.0031 mGy for Antle,
(Wi,. and Moroney. 1985),
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Tlbk 6.)(1 E,timat~s or a"crage indhidual a~d oolle<:li"e elTecti'e
dose eqU"~I,nt oommitmonts ",.uJtml from fallout in 'he Briti,h

nuclear Ie'" in Australia, 19S2-1957 (Wi", .nd \loroney, 19S5),

Col!c<ti.'e effccti."
Se,io< T,.. Av=l" off«,i.', dose equl¥.Jcnt

dose eqUI¥.Jcnt (mS,) (porson-S''l

Hurricane , 0,012 '"Tot"'" , 0,001 ;0

TOlom , O~ "Mosaic 0,001 '"Mosaic , 0,0055 "Buffalo , O(XISS "'Buffalo , 0.0012 "!:Iuff.lo ; 0.0059 "Burr.lo • 0.011 '"Antle, , 0000) ;
Anllc, , 0.00)(1 '"AnIle' ; o.om ".
To,"1 (rounded) 0-07 '00

6.8.3 Locol ~nd region.1 d.-. from Inlernal Irr.dl~lioo

DoSC$ from internal irradiation were .,,,I,,,,'e<l for: (1) the ingestion of fallout
radionuclides in food, (2) Inge,tlon of fallout radionudides in drinking wale,>
and (3) inhalation of fallout radionudides iu aIL Standard models of ~n' iron­
mentaltransf~r from d~pos"ion to air. drinkin~ water, and foodstuff, w.re used
(Wi$C and Morone" 1985), It was found 'ha' internal irradiation accounted. on
a'erage. for 83% of th~ total effective dO$C equi,alent.

Estimate!l of mdi, idual dTecti'e do.. equi"al~nt', ",,,'aged 0' er the entire
Australian populalion. and ofcollec,i.'e effecli' e do'" eq ~i,'alents are presented
in Table 6.30 for each of the 12 lests, Th~ a'erage individual dTecli,e dose
equ,,'al,nl for all t..ls conducled io Aust,alia" eslimated to be 0,07 mSy,

b9 COLLECTIVE DOSES TO THE WORLD'S POPULATIOX FRO\1
ALL TESTS

Coile<li.-e do,""s to thr "orld's populalion from all l..ts ha" been estimaled
by the UI'SCEAR CommlUo:< (UNSCEAR, 1977, 1982, 1993). In ord.. to
eslimale the full radiation impacl oflhe le,1S. th' L'-.SCEAR Committee u""
lhe Conc,pl of coll"ti' ~ dO$C comm;lmenl. "hich indud.. the doses deli"ere<!
in futur~ times, U01il complrlr drcay or remoyal from lhe en,'ironmrnt of the
radionudid.. produced by th~ nudear e,plosions. Th' collective effe<1i,'~ do,""
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T.bl< 6.31 Collective <l1"<cti" do,. commi'ment to the ~orld·. population from

a'mospheric nuckar te"in¥ (UNSCEAR, t993).

Collecti,"< df«ti," dose commitmen,
Acti,'it), 11000 1><""'0-5,')
prod""t

R.dion""hd, Half_lifo (Ebq) Extern.1 [ni"'tion [nha[otion Total

"c 5730 y 0.12 25800 2.6 ,,~

'''0 30,1 Y 0.91 UfO 6,' ,, '"00"", 21L6 Y OW ~ " '"·'Zr 64,0 d '" m ., 278
""'Ru 372 d 118 ,~ "' m
'H 12,3 ) ,~ 1,6 " '""'/>In 312 d 1.2 '" "' '"'''C, 285 d 29,6 .. '" '""'I 8.02 d '" " '" ., '""Nb 31.2 d m ,.• '"'''5b 2.73 Y 0.52. " "' ..
"'" 24100 Y 0,OO6S2 ,. '" '"'''Am 432 )" 8" • "'''''B. [H d 732 .. 081 OM ",o'Ru 39.3 d 2JS " " "~,. "" , 0,00435 " " ""Fe 2.74 y , ,.

O.~
,.

'''Pu [4.4 Y 0.142 001 " """ ~.6d 91.4 " .. H
"y 58,S d H' .. ..
'''Ce 32.S d '" " " "
Toul (rounded) "" 27100 ~ OO~

commitmenl to the world', population from an lests is estimated to amount 10
3 x 10' person-Sv (UNSCEAR. [993)

Table 6.3[ p=n" lh. contribution' of lhe most important radionuc!;de,
and e.•po,ure TOules to lhe collecli"o effeclive do« commitment. By far. lhe
mo,t importanl tadionudide i' "c Be-.tuse of its 'ery long half-life (almost
6000 y) .nd en.ironmental mobility, I·C "'ill keep dc!i"er;ng very small dose
rates to 'he wOTld's population during Ihousand' of ,ears al about lh. same
rate as it does now, It i' lhe accumulation of those Yer)' 'mall dose rales for a
,ery long time over a WI}' large population lhat explain, the latgt ~ontr;bution
of "e to Ihe collective effecli"e do« ~ommilment from nuclear "'eapons
l",ang.

The =ond most important radionuclide wilh =pect to the colleclive effec­
live dose commilment i, IrCs, The importance of wC, ha, already been noted
in doses from local and regional fallout

Ik<oause ofi!!; shon half-life (aboul 8 da)'s), 11'1 is onl)' lh, mnth contributor
to lhe collecti"e etTecti"e dose commitment.
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6.[0 CONCLUSIONS

D"", e<timat« r«ultmg from nudear weapons t«tong ha"e been reviewed.
Emphasis ha' been placed on the doses from local fallout (wilhin a few
hundreds of kilometre' fmm Ihe t«t site) and fmm regional fallout (within a
few thousand' of kilometre> from the tesl 'ile. Because the t«t sites arc
i'olated and lests can be conducled under f.",urable meteorolog,cal
condilions (avoiding the e,po,ure of relatively close residents). dme' from
local failoul were muall; low, [{ i. only when unexpeeted e"enIS oocurred (wch
a, thme related to the Brayo le't) lhat high radiation exposure. were incurred,
E"ens;ye dose ttten\tructions related to local fallout have only been carried
out", far for the tests conducted by the USA,

There i~ little infonnation on the doses from reg,onal fallout, The ~tudy

relate<! to the: Ne'ada Test Site indicates that high e~po.ur« oocurred mainly
when the passage of the radioactive cloud CQm<·,ded with rainfall,

Finally, the dose' from global f.nout ha"e been reviewed extensi\Cll by the
Ul'SCEAR Commille< and are only bne/ly discussed on t~i~ document,
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