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C Further aontr1butin t rudiot!i.ctiν! t}" ίη th ι,~ater c «> fr' 0'0 

1"ad1ation, ... '01\" η~ "Υ,Χ, 13 "boorbed quiokly by th u ~ .naost layers 

of sea.. Qf th 35 m:red ef thc COE.mlic radi~ti n c~1drισ to i:Ι'ιC! .surf ce, 

oni,y 3 J>.'> r~o ~ tt dopth ()f 10 tneicr and~" a d~pt οι 50, ter. 

Th ~ rad16&'ttτ:ivH:y f th· se ~ rie w.ith th19 tyρe !~f ~e<iireent" 

H.iςr1ιe t at1vi t1 fJ Ι r~ f 1md !η deop ι' tt>ιo sedt>ι.{'}nt , hiqh· ut in red 

clay" Ιolloτ...ιGά by blue claye ιmd ealcareous co~ s" Th τ'" ct'ι<JHvity 

of sh,:.11 1 \f...t.<J1" sedi ts Hith vmioh cOC";:'OOroial marine food reeo'\lrcE'.JS 

'Π';β.'!Ι CQI, int c .. ts.ot .. h<1V~ c n~id$'!' 'l-Jly 10 'r natural radi03~otivit;y 

thl"...n t. ;1v~r;.q fjO~ 1 Qn land. 

Ι1eι:τilΙe" ani ].s als<ίJ ~eiVi_. ooside the xtQrna1;r;: (:!1ation.. Θ ....,. 

radi ~icn frc!:\ i~toTh 1 OUZ'CQ. !Mil,l~{ f::-OJ, l".::ιΑ:i.ορο'i:as t 

§.n tb - bones. 

ί! ...<31' 11" in.ducoo. rudίΟ;ΤLοti ν1 ':1, 01\ 'ί:ίι~ ot1t\; r hon<i, 1m i t 

$όUrC' up to ηο'!ι: f.rOΤA nu:clcl3.,r φΙΟΒί'" ,s. Ιη th, DGdr fu.t.uze, ΙΙΟ\ο1Ε!νθΤ, 

ind!l ~tri~l Itole..... r wa~tcs' ~Iell rea tQr .;; "tQ/5 frαnι nucle,~r"'ΡPtJ .X'Gd 

y",suls '11 he int:roouced intQ ζίιο r;,n- envirM")nt and tho"" ι._11 

!)χ ~ nt scri(!lw t~tC1\tiξ\l haoo j,J 1:0 h -n OOίησ/~. 

Λrt:i '''+icial :r diQactivi ty ί:ι Η, Βθα 18 οΙ i,ιτοreοi: 1.:0 1α/~!} f r τΜ 

=0110 ng r~a~Qn8: 

a~ It :niqllt i...i~ ~ct health tltr(1)JJh CO!'lsu::,.ption of εθ :fQ~)d; 

Ω) 1t .,d{jt,t •. ect t: e \\'JC 1 ical balo::i CΘ of " rin re -:ιurο ,ε; d 

.;	 It c :Ι. be U$i'.;tj fo' tιιι;;, 8t,~dy C,lf pl'.Y~ical, (!h ;\iQ 1 .11't<i b:iol ιφal 

Ρ ceS3c ίη t·~ se~. 



ΤΙ-ι fate ΟΙ rδd!οοC'tivc terial", 'ntroduced into t . 1Μ:!." ne envi:mn... 

~nt d ροuάs οη five thinqs C Υ ical ιmd cb cal:Po οΙ tl lOOt X'ial: 

initiul ! σ; .anic 1 dilu.tio1\ 1η th receiv1 ~fatcrs; cίvection arιd tur.. 

bΙ110nt diffuC$ion; uptn by uspcl'l.d ci s11t and tt<a . dirαentsι; and 

ooncontr. tian by orcrani .. 

a.	 t '. Pl,ys:Lc; and Ch ca1 10m ()f the 1 t ria1 when 10 scd 

11\1t1el ]ο b4n1o 1 Dilntion 

Racliοαctive 

ulate !'!,t	 ttor QJ: f3 is.ro.1ved subst nceS" 

Tl\ pc:rti<mlP.l.te :ootter .itJr f1 tβ or $i.rι.ks. ιτ (;.n 1 cι be 

d1sso1Ψ'd nd bΘ taken up by m,ς~ri.nc; ~nimalf3 'I'·1th food.. ΤΙ1θ s:!.n1:'r..Q' 

S od dc;:Jend= tl\o specific ςy:r.Qvity στ t1 , 1')art101: * thei r s1 .? "'nd 

tΙe tur1mlence in tl, S ι'ιόο' UIJ.:i tely, oout of th }, rt:i.cu!δ.'te ri,dio­

"-σΗ ~ ι." tt r \'1 11 sin~ to -rh~ bo·tt ,m,ere ί t C{11j;; ·s h:l\ !'Ι .... • ,·<::tivH. 

in 1:1 ΖιιΠι c 101 r j the 6_ ' .•~t* 

!n tl1 d.eep Be 6UCh sediment tion wil.t. 1" ~ί10\,(: r .dio- i sι:ιt r<.1.1t 

tal helf watC'l"S,
 

bot.. ~'t ΒΘ 'i, ents fr~x:n '\'1 ich thι)y ~;W.Y b. ~turne:j : ο tl.c 1'. te.e' eι!'
 

tak ι up by bottσιu....Hy· ~ ,tJQd.·o ni "ο. 

Dif1sι".lv cl eu t n(Jt)S" '''l\ c'h -undcr9o clilut n by οΗ oont 1π!xί!Ί.<J 

di$f1"l~i.d sιιb tance , miQIι.i: Ιe ::ιr~!ciΡii:ate;::" m:J..gllt b absόΧΊJΘd.. δ.. d/or 

::1Iitht bε aoo('Jrl. -1 ~~ ι~σ';":ιf'1'\(.1 d m.:ι.:t r, b~'t. liν'i~ ι:.n;..' c."·t.d ~rιd sc"t'tle 

ther ..11th ί t to the b'tt~. 



Τ· " 2 

hysi~al ctQt~s οχ l~ nts tη 

(USNRDL Doe. 436; ~'? 1.26) 

;lement Ionic 10 CclloiΦl art:f.culate 

CeΘium '10 10 1 23 

Iodin 90 8 2 

rontu trontium~ 61 3 10
 

Jιnt1mony 13 15 112­


Τ lluriυ.m 45 43 12
 

!iJQlybdr:.nt,U:l 30 1(1 60
 

RutheniιmΊ ο 5 95
 

C rium 2 4
 

Z1rconiumtr-o nium 1 3 

Yltxium (} 4 96 
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θΙΙΤ ntΘ f t~ e 

di·!Htolv(~ oho.:I -'Ct'il :χκ:! $, charl1cterietie of w t r r:ιe.ΘΘ ιt.ciSacent to tho 



bott Ιο οη ot ~re of tlt. solid phaso of the t ίη a 

recorcl in lτc &0 411lQntS of the tr νθleι of the bόttom w"ter. 

Roo ntly, they l'tev used th.e ob rvd distribUtio1\ <IIf :r ο1 in the 

~ ter or yinat~D fr 
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('~o ...1500 

",4Ζ ..' .,0 "'''' t. t, [1 r~r..titi ...;;ι ..... μ .'~ Qu .. 
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of Θτ is r ohod ίη ~ho\!t 2S Yθfi,rs when "the c{)nQ ·ntrat1 1". ~.( <:::.:J 

:1 S 1Ω 
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:.;~ Q, 'Ι;<111:Ι: () i s ·υ~~ totξ!l 4\<\0' r.t οΙ ι;ιa t ,-:' &ite~ ΟΤι Ι", sef.. 
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oau Θ ·nt of bottam t r1al~ σ be ite independent όr 

th <.:.vvraqo Hlt τ circulati)n οί ce it ~:Jdrtly e.ct1on d 

re.tely.. 

d. COncootxu ~i()n by ωι:!. 

i~oste:l. as food i u mu.ch r te;ι.- tl 1:1 th ~ ,10 f: :(ι;;fjl . 1ι s 

QUl.lutity in t e eXl0rrtiti cnvirQm n;; 

2. .ΙanΥ 1Θl, nt:), includi. 

i . t·;>,1"_'I':!"""'Y"'t' cti 

butic 

100 , 



Λ lytie 1 χ wl1:.3 do ΙΊοt ha _ 1'!&1c1\ I'.Ίel.α/i~ unl~8$ ρrΟΡeι Ds:w.."li:v;; 
sJ...c",_ 

·1 1'α/3Qnt Ι1 νσ of t11G C ')Osi i:iΦ11 

~cdi.τa nts, ωιQ f the ι in o~ani 

_\1'1\1,'.ations to be rfomed. 

eiςri11fie ne.. Conti1'\uoo S 1:, li!\(1 in te of i:1· d 3PtlCe i5 nGcded 

t on the 

G1\viJ: " cnt oϊl'~}' a per:ιod ο: t • 

probl~' '5 inot:J v ri bl f ctors ΜΥθ to be taken into σο sideration. 

vUi, . 

has tQ 00 ωade €ι!] ΤΟ . $t~ οι tlι r dio, -ctivi ty 18 ίn tho ιτul3PGn~d j1tI'ttor 
ιΑ.Α f~" L./ _r"c(..~ 

01" 11'1 selutiQn i i:1\.Θ t,rater..' . • fin;~ly ...rtiσulate mtd 
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ιώtιΘrPtί nνιt<:!rial... ha~ r ~ iXlt"~' σ ... Hol cuι r filter$ arQ 0.00." s(td 

f i'nCO!!lPlctely cro$t!I..linkcd h1gb ι lyrnor moleet11e5: ()f .:ιarti&lly substi­

tutod cellulQ$ dCJ?tat anσ. ο. be .)τερared wi th ,,-mifom pore .!.. 

τa itl(J fr(n 0.5 to 5GOO r­
rger ;gι;tJ\ιp!es ()f 't'r:-tcr from (:~: f -el'ont d 1:h re ~; ί:r<ί1d since 

11 

n tuτ ~ of the 1'bΘtt 

rately. 1Υ tho surfcce lay~r οχ 

$ 1n σο t :et tJith it \nll ιιοt rea.ch 

man. 1t i 

In thoSQ aroas 

:oor!n Ο%ζ1δη - ~ in eontact 't;dth the : ~ttOnli' .:ιηά th- <1vcnιι. of 

retu3.'1\ to ;: 11 i'" mor a';; rsct" 

l... 3aLI'!!Jling όf fι.(J,\~atic· Orιg3n:te i.$ 



Sam.,"')les Θf rt G ηί'" δΙ' 1 δη! <71 53 un.1ea::ι t3fJocia;~ed . tl 

e gi"Q'ι vo1w. ('}f vlat ;r :f ctlt rt·r!SG.. «11 that 

i. p!.l v d lninq SUfJh,l$" 10 tht m accιιιmιlate 

r"'ιdionιιοlίdes .. t!nd Βό qu tit tive ,st!); tc <::en ο. acl:,. I:n c.ooition" 

sinc t·. Υ Qt th~sc crgMi s ~ Υ; ~b'le.. thoy ar . not rΟ='l"t1S~lι'ta~·.ivο 

of tho Qn ίη _ io thay ro -σο11 at ,. Pla :ton h-~r.; ';fCry Η ttle 

ioobiHty or its ('} , l::ιu.t i o""rr ed 10119 ι>tαi:οr ;00 11"/ eu... ~ent ,ction. 

Thoref\--roi' q-aantit ti~re 'm,)lro~ O~ :-JΙω\ktε;;n "'00 cepecially ?Ι ytG,Jlαn1::t~n 

h01.1 (1 be α~rricι; ο'ιi:. ~)th r l~$Z ~'?l$'" 1 C(,;l,XI:'':'c !:--~.1~ r;:1.!". _ Eι:1Cr.. .:~~ 

r ...t:1!.C :t<..tUΙQ ~.ηά ~10:Γι :::1 Υ' ,:. i v α gΟtΚ{ in ',' C':: λ~!1 οΕ t.; 1,. <J>..tt': ι 

ΛΙθ0 τΗt r .. f CCΊ:ΡΙ"S "Il\.,ulcl Ζ'::-:.! ~"ledlll rοτ QΙ'li~u. Χθί ,,,.. t ~. 4' }~ ••( .-(>fOl:~, 

biological <'1 .~)1irιq 3.'" .ot .:n-:i<:t:ti"/I.. of cur::rt :t..~d; "c·:..iviΙ~,. ::.::...... t"'I·, 

MC ZC'Ol':ta.nl.""te>h.. $"',l:t4rat!ol'> ΟΙ :tn~rt S~;"'J(ιn(ιcΘ. ~'"ι.ιH,,-!" ιLnd 

pl~I .,f;t;tI i (! -uhiC1\t d by ί'\:ιο La:cal1 1 'cq...l··s: οησ τ;ί th <'1 1"~ 11 ίΡο;:ι;, 

filt-r a. t:,e ςϊ"':her ~dth a r';nt! φ~ar.titιti·',~ .οΧ' •. Διο 

t.:Cl1 d.itio .inIi1 ," ,hCΓ~ filtcrr;in . si~<o~ tOJ:D.. '1'c.' t:,.cι:ru.~·.; .1:', .1 Qnuc1.~'"jt' 

in j1~~ytQ 1an1~-t n, grt11tlt,~ titi'"c O~.: i)lan' ',,τ. ε...r~ n'~, ' ~. 'i ..11",1.1.:"(1 

c 

οχ Ι:ο -::0 4(". Ί'1:1Θ co11eot0d ).tL n1:ton σΙι 

νol~., filtc~ed Ind clrit~~ 



Fi h h d bo col1GCted by :'ori. nta! ι;::ει r t:1S σ109 . t the 

mcibil f sh olt>s(9 to t:hc di 

disposal s~t. 130th α/. 11 ilnd JMture α ., 

d..	 Sθπφlinq of Sea \ ter, ". dirnen. . ίlnd l'1arine 

for Gro ~ ctiv1ty tudtes 

Only	 • .r 11i:1lt G ex" 



Groe ,t ιuιd α/'IIma counts can be ma ση ~1ri d bott 

atl,.,le« The cid eolution obt~ i d Υ Wξ\ hing o~ the sq,les can 

aloo bo aubj ~t to countinq" It i suqσΘsted thί'lt IΘdiroE!nto >of).::.rated 

b}' ~rtiQlf) σι!? D.1"Id aaclι ι~ ction count d becaus certain long...livod 

1ooi;;o,JCw .. ηά to be ccne ntrαtΘd 1n ti ,ο ·sadi.. nt « 

1-'1" n '''.α/ρι s h v to ~ dri 01' 31wd.. ωιά tr.en 9 ,- elr;hιl, 

t'A.!t.l1 ar d g count QZAJ\ be mα .. !.md.ng . ο ld bεf .' at 1 .. teli.1­

poratu. to provent ~vatιor tiόn of volatile com.~ourιώJ;O 

ror ΙΚ" rocd.Σ; alsQ shinςr s1'Quld be done at t~'!n;':'ior 'tu Λ? Ισ:τ 

60Ι C and tJlen COl.1:Dte ο ~llSo cχιιιlΥS-.ιs c;·f r, .,0('. (> rι 

a·.ed ί~ !ort nt sinco .a~ d$ concentr~t~ 't in l~~Q ~ '~~titi~s. 

Th thoo" fcr 5 ltng f'i sh, D-nol1fish and cru.nt ccem.s f{\ '. 

δΤΘ the e:φΙaincd ahove.. Simil r ct'H.\nt .... ΒΤ r,~f\ 

ashcd S8!n')l"s. 
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Ί.."'1\ο ~listry Ocf' tk:e radi~tive substances ί6 not θΤ .aΙΙdiffeπ,>n"t 

ίΤα/α tl.G.t cf t~e RrJUrtH:tl.oact:'ve ~O$ Ε'λ-σθΡΙ ii\ a fr_'H C..~&C8 tmen: the 

ef:f.ι::.'CtΖ of tlι€' radiatiof\n mu.st }~(? ti:~ intQ .ιιοοιrr..mt. R' di,σchα/Jdcal 

prdblems ι;1!"Θ Qfte.n ~O!τ/.)H($e't(.:<;t by deΊ~β for "'t~d f~r bey~nd tI1$ 

1iiaits. zet σι Qood ι;;'ι~l}"ti(.".:ιΙ praσtiC(}., by rεm1Ot~ot:~t:r()l ",,'ileI;ustry~ 

b,. !!mι1 ul tion of vatιisM.nc;ly or~l δmQunts οΕ mato:rial. ωά by t1le 

r:πe~aratiα/Ί ο! ίJl3tι::rie1t:1 i:n ~111iar ch~cal fQnn. 'lt\ r~ 1.' tcnt 

thilΊg is to pr~l'e' a ~ Velt I:mteri~.1 which 15 ρutt-f~ ~ cootm:, '~ 

ati-on ot oth~r radi<Κ'ictiv-e SΡα/]ie""-~rather "t:ian utt:~"t ί:ό ιwpar:-ltc 

al1 (1.:f it.. ~(:;;ΙΗ.1e ο! th0 1m:, le-vcl ()f conc17ntratiQtm in θu~lι WQxt,. 

it i~ esσ<3" tiul t' .t iitdΘq-\latc p.rec uticn$ a,r:l tι.>kf.;:~ both Pc,f(;rε, ~M 

d'.u-ing 't1te ~ ,al:ysiG" a.gai~t tl.w e<m:tamiU<Jition €>f θωnplΘ, reδqonts ... 

sta:rιdardG~ all Ι;ΙΡ;)Qrntω1 and qliιsm~l"C1-" 

Thcelection Q:f a:n IιtU:rt1cal t.~titOO fQr the: qualit.at:i:v~ ~ηό 

c1tJ.ant<itati,tC dot~mi!'..i~tiQn cτ a r<.'tdim1l.lc1ide GL'1Z1: ιoo<:'t the folloιrinσ 

Τ~I:;">1!r~t.s; 

1. l.t 6hσu.Ιcl •._' rμ~1'ίB!tiΥΟ dnd ~"Cific.; 

3. It $Ι σJ.Ιd b€f :rau!d;
 

4.\,1 I.t D:-tCιcnld be θcO~ • '.ical ί11 •..e.te:riαΙs and {nstr..li~.rt;)tic.t'ι; i:-n:
 

s. ΙΙ SR:,)v.l:t be qpplic.:ilile tQ ίi wide variqty Μ sew1Plo m:.tori&l .. 

'!hu:;:-t::' i'ι:re tl Qρtimu:.η CQrιditi,ons .....nd '!.tn!artα/;latQly thc.$f3 rcq..ure:,1ΦΙ1'tu 

ε.re t'ι_It al'ΗaΥs:rιιΙfίΙlGd. 

'2:'he cO!C91ete radi.Q'Cli~cal α/ιalΥ:S:!.s οχ if-.di vid'ιtdl r dio!tucl:des 

i!rl thc tJ..~in environ..:!1Ht ie diHic t tlld ·tl!'J<Ξ' ccns;:$li:B9.. Τη thi.s 

pιιpex cmly t:he .l·ο.dionuc1iζ~~$ οί: Qrcatest i1n:-JOrtθοοe i<re b0in~r consid"":r(.~. 
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1:0 t.he 11tera'bιrlw .. 
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rσnt:!.\ .. cz.I'ricr, 6114. tlle Culciu.m r-cl stro .t.iwn !)rΘOi~tδted ξiS ρ.. 

(11:, -.. 'thc '~r e:ipitatc ί tι di δα.οΙνΟΟ ;\η :ait:ric aei tmd the <scid eon­

cent atioo ί. inc:~sOO tΡ'Ρrοοir,:titate the σt.ront!l$ α$ nitr5.t~" ,'>,f\i:ι,:'r 

':-urt t ·r nitric ~id f,;'6}:"iire:l:i.iY.•3, bmum c .r:rie'r ί , α/:'k1c>:1 and a ,αn:ίυ.nι 

ch1.'Q_;;ι::t~ s-eρal"'_ tiCIl1:ιne.c ~ The w;.)--:\:t~t'θd ~trσtιtlun ίΒ stcred i-n -'00 

Pl- 'EυlΚ!€! σ: yti:riΙl1 (:Ωn'~lcx to a11(';.; Υ....% . :ο gr~ in... 11'ιΦ yttrium is 

mililc'C o.:f ~H<i cτ)\\ t(~ 

,, 

ni·t.ric <"'.ciQ :ιη th~ pX'Gljcen.<-:e o~ st:ro:n'iUIu c' .rrier.. ?Μ 8.Qlutioo ί~ ev, !'­

~&i:e(i :1 .<.\X'.ly to. <:J.ΎllC''$.~ t:.-ι:ί t . P0.tahlo-rlo -..;oid ·ΘΟΟ th silic.:; τΗ to:rod 

Qff.. ~ Q-ε;.lciu:.n αω 3tl"On'timη are ~t,itatQd aD ,'::~iJhc:t~ and the 

st:r nt1w::-ι remo d fr~ tl"i/3 m-ixOO ΡΙ'ω8Pbi. t ~ by α seriGG οί Iritric acidJ 

S()- :rationu" Bariu,'n c:trrie:r 13 .<'!c1docl nn<l v. l:'.ariw.:-J <: 1"Q.1rJ:t.o ΟΟ:.ι:'1ratiο!t 

i1'r·;::ie6 f~)!l .~ζΙ 1:'Υ 

dQugitt '.' rt;.. 

~:Ί;10 trox1t'r is :3,",:>reQ for δ-t le-.....zt 14 d.ayE ίη thl$ P!'~t!Et'1:1C Ο;;. 

yt ,riU!?'t f:'ξ'.rrΙcr~ tlι-c yttriu.m 15 thέ)n iJilk"" (y:f anrjofm.'!\t '..... '1"1\& trtiuml 

i3 !,:ccci;Ji~tcd af, Ci'\;l'bon.eιi:e α/'l{1 l:1C 'ιιί:: fo.r ~titiι:' "IiIhen furtl";,r Υ- ι1fo 

'oί~Άλ~ ~tl~, ~y b<: tt~ for dirε-c' i'h'"lM &1$ ar.C&->J.31 in 00<1 '-."at ·r 

<λft(:Z' ~-:::rtiC'Jl(i1.c .<':;ΙΙΟΤ h;>~ ν""ή~ Ol~:n:tm::w an<i S..-::· υζ..boen ~ν.~(.Ι.. 'Cd 

i!R:Y bct til11y:;:.!d ":Eter wt-ashinq, $>~diΓ":nt,· iΞ!.ft.qr dXV-i3:shil"1g.. 

θUl_ 1"r.v.ltc, r-rotl thQ rιi+τςΑte pr$Gi-;;.i· ~".t1on ~f 5t.roni:iU!:1 1111 cont ίη 

υω radioς~ξjiuz!l. ί§ ~~~1.l'1.t ·(~arr1€r ha& boen a~ 1:0 Τl~~ or' inal 'ttόι"tfon 
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The ::;,~n;-1(:' i ... firtJt frειd !'r . orgιιMc t1Btt:cr by ιι :;G'rie~ οΙ wet' . 

nc' tr~tcd η! t:d.c ac i.d. Ii1 ·tlto c(.~;;;~ Qf z<;~ .ί tGr' Uti~ 
, . 



cl,ι-ΥΜΗsJith }~reh1Q:t!c i:..-.eidto rCt."jι'.,,·~-;' ιη la.~t t~ C€t:,t 

of o:!V('.nio ,·'t~ri~l. Tlwm the tΪ'~rit i3 t ~τι '01:' ιη .'X?l'Ch1~C "ίά 

(pil 2.0) ..,:nrl 00 'eMflQdcolor.4.Jfet.rkally δ() {l~ tl~ri. ~morit\cQ'l ~")lω:.. 

Α etnιci: ~π.eι-..iP1t,{lt.ijj)n ~ M,fJ ι:lscι ~ &tι:vιd-~ to r(j;)μΙec: 

t~lo oot ~inq ρ~Φr.q#, uhj.ch ί~ ti.J;oo-o~ns," intJ 'imd roay ~l",o b"y α 30nr~ 

of ,).1\ oo,~ww.d1y low ~11t. Ροι:ωίΝΥ QWil~ 'to " f(}~t~ton of ""1 

S'P':ιri~ ly oolu,:!l'O., rorrn 'Jto.!'Y toori:tt!r.l CX3.de dun'ϊ"WJ ttι'Θ heati οι Tho 

a-c:t,,-lificd ,1j!ωnpl~ ie ooil(!:d~u 1:0 .ί). smal", \ο-'Qlω-οοι "H\d ttιe Ιat'ttΙν:·n1lI'.1 

fluorid- i5 ρreaiΡitatοο direσtl" frOOl ,;Mr.ι GOlutioo... Tllls J').rOCt:du.re 

σ! 'Η..'[) a lu.~:hcr yi~J.d 811«( <:rc,..t'zr .,_ ci.81c:u τ1Ί.t:n th~ 't. -t.. ~11ing ;Jr~ ... 

... thiri mΘts~od i.D" 'σΙ 9::> ·tzι...;atmcnt of~ 'ili+.'.', s.ter ~aπt;?le n. th 

~~ία/'i.ia &1d thι • .c ',ciμi \λt~ G'O tGininv t~ tΙΙQ...:i" ίΒ dis;;sol·, -:1 in 

lιydrΌcJu., n,a ~ d. Iu:t'~r μr adjuf.!trnent to 4.004..2__ t.he thΙ::ι.J;'.i:u:r..t ίθ ert.rat.~ecl 

1tr ("U:)ttιl·r~1 i.rl c-l xo:1'orω.... T"..α/~ t.r'uct ia . sl"iιt...~ nd 1~,l:o..ti:ur.: ~.S (J.otor­

ui:n0d, i 1. t.l-lC ί),ab~"Q1t:.t 'φ 1Jy ool~tr.ι rit:h tlr.o'rin.. 

a.ttd " .ΡΡΙi<:c.bΙσ to aq'!J.atic ωΙ t!on1}. i.n ml'i'es- i.:he ίειοlaticn cf i lutOf'.;Lm:l 

ωtri i':;s me"·,mι,r ;lGnt ty;j radioou:i:.og~~i-mc mι:.;-αf.S~ G.e-iηα thi$ .", tι\-od,. it 

ίι;,; μΟ...;3ibΙ" "'~ ~~2UJ:Θ Q... U~~ dp::; οΙ μΙutο..~iUl1i .nt:t~ ;reJ iivt? ι;:'ο.nΗtLθfiC ;. 

. '" '1ι"C' (11 U.ctt.Uf;~:~t., σuclι' [j ::::loot.rocle;ρositic;)f\. cuHz.... r~diφ,~utΟ:;l7fplιi.c· 

i$ ~ x-,..i! ι c~..lQX μroo.e~. The r ~cler i ~fen d. 1:ι:ι -l:!ι:" 1itά!'eo.tα/.-0 

f"r .tail:s.. 

Λ , . -thod i vοlγ(t,S a!1:;ςιΙ1ne Ρrecιρ!'tAtiCIl of th ..a h 00lι."tiσn,. 

cui>farτon ~x.'tr<:lCti<m, "~d co-p~i~~itζltiotJ 'w.itt. Ι.an't:hε:u-r.n fl~::fC!'rl<iei; 



σacPl 

-" Dy 1=1-"i:1 wt!wl 0 ..3 χ 10 n.Cl'QCUrtC C$ 00 dotecte . 

.Ιocl! .:.e 

'tm-~t!Y. ln too r~:!oo}1~c,."tl ~ te~t.i~D of ra<:tlDiG>:liAe'p tlw 

l$<:J.. tQ 1Β ",t::r-act ."". inb) cι.~'tΔt~h1C4:'1.,,":ΟΟ' ..~t;r.· ct~ into ~tθr.. 

α/td iinclly ~1pit4ted. Υ$ .s11v~ io.1ide. Τ: ~U1\t f iodine :1η tl\(: 

't' -1gh:t of ~ ί1.ν .r iodide is cdσtd .tcd α/'ώ t1κι final act:ivi ty Qf Ι ....Ι!l 

rre :r 1!t:ro� 

"~_rΦ C~l ~ ~rot. .σι;mΊ: !;)&ι' ta1.nute fbX' t:ho .sil r !odi.� 

f'Aar " S';Zδnqa:ro ~ dρJ:JJ'or:m
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tr:hc :m " of t r inorσ;~~nic ;.'ι.η": orq:;nic 1-13'1 .;;;ct!vit'CB i - ~σ the • t 1 

1..131 a<:t.tvity !η 1:1 '"α/:JP1<: • 

. , (~ -:"r:~J.i trα/rt of t{ιtic.:φ '-t'-'"Cll9 'r:ith alumi~ 

by;-i :ΌΧΙ-Ι ό Si1vcr Ιodiοο 16 .finί1.11Υ preci.:4tQ~ed wit1ι s11"'-~;r nlt.ra.te, 

~ίfl(Λ(.'cl ".ιit1 .aloot <1. d.riOOitt α" t r.:;.'t.Uf'θ,. encl its -aeτivity ίο 

lΦi 1n s lutioo ι;)f m:.'6. l::ate~ is det-·min"d ~ al1owinς;:tt. το 

.-; sit by el~:rσch iC>\i.l (iι:wlfar~e Qliν~_riωs ~~t(}l.Hc -d:ls~, \'. "11, 

n1a:~Ql.. <: .Jper or ..:ilvεr.. 

The .~e 15 dit;J~t·-d.- first . ri th ί 1.::r1 ('α/{i ~ulpl1.Uric acio,s ι:md 

Τhσn ..;itl. pcxoblo.ric ecid t-r -;:ΙOVQ dl trr':Cc:tJ οΕ 01!1fll\ιiC • tte-r... 

Th;ιrt!'Giclue is α/.σοοΙ' d j.n 't·;\1Le.r Q.."1G ρotS..:» ί tellUΤCit~!s i1ι.ι~k::κ1 -.~ 

o-f ,3Qdiα/D; hx-p:.;!;.i.).oi4ph1:t~ α/\d α/Ζ 1,ret...ipi t-e;.1;:" i$ di ~r.,"Ql \"Θ'd itoι ~ eaturated 

oolution of b::t'Gl':.iine in hydroo~ ic aσid; tCίUtlrium ίt1ό JrΘCi{.l';it~"t_~'i b)r 

t!ν,) - J.J1tion or r.ydra.z.ine 21.yα/."oohlQri~ ~nα i-ε; Σ~NΘd by filt:rti~';'(Jn... 

Thc i:\Cidity ('";11Cl vol'α/OO of the :fj 1tratie are adjιιsb'ιd and ",;01' 1"&t,t!.s 

doΙ-'ό:'.J:iteCi ~1e-ctrociK '·oally si1 r foil...';:llQ' iΊ:ct1vi1:1~ .... f t:.oo de~)OOited 

,~ - ":.;:;i."ιiU!,. 13 d'9't:~rn!l~€d Ιη an -al:1' ω. ooint:il1<:-;tion ΙCQunto.'!' im<i i-s oc:mtit~d 

σ<UΣ\st a ~J1x:ktJid !ιοΙooiu.ι:α θOUrea; dJ.ffo.r~~~in t'iα/*1'gi~~1S;~ _ ~oo" ~r. 

on·.l _~ m0try drc' r..:α."Oooteci 1:0; 1η t}lo overe11 ,,,1o.s οΙ tb.e t\IG-t1".Q<:'tι. 



I~<. ~'ιaa ίη 1:>01utii5 ;':oociρitc-ιted ,·1itl't .~ hydro:!tide.. τοο 

~-πeci:-\i ιo<,,;J..."'" is di~lVOO mth acetic ncid an-d t.ht;ι ri:i 1 adju.stθd tQ 

5 υΗΙ- sul~~t& α~ roriumch.1Q~·.i. p%e!'" 

ci:ρ]'i.;~tε r;...di:UL1" J. ιe ΘΗίοι i~ rEoL\CIVo"i d r. diu;~ ~ ΡUXifiod 'by ~.is­

tIitll {-i ~1ixt:uZΌ of wlfu.r1c Ql1ci. l'1.ydr fl1:"λ:ίJnc 

ecid ~:ίl'l' asar..'1d bati... i11 ~8 of sulfnE t:ri0Jdd0 ,1.>!Jea!'41 tJlO iMI?iP10 

i8 rG'α/O\I'-;) .fX'C$1 tl-ιe bath en(~ is left until radiα/l Σ'Θ'i>χοοΙΡit€i.i: ε .. 

'1"00 ·o-recipit,,·t(· i" ~"f3hc<.~ dried an.cl :i5. ar.ιunt~d. Olt a 1" baαk~~d ...lρha 

00 ter f~r όΧΙ'" h u.r. 

The d-:ltGl!iU.nat1on ο:!? natur".'l 'UXc.niUD i· bi'.;Sf!d ~ .1~ t1\t! fluΌrel';conce 

οΙ uraniu!i 1η :fus-c:ιcl 5Odi,- 1ilticιrid στ in :r lS .~ oodium fluoridn..c.urbonate 

~χt>arco.s: Htl:J fcil dl:J 1'~Τ: ί!Ξi n-e ΟΤ tbf;- ~Ji)J,1.y I$tiΔrt-dnr-d r.,1,ctl~.o :~! 

~ in li ··eratu.reι; it i3 clil~ct1y iR(~f:.JliC:i:bl~ tQrbGt t'~$ 0.:-­

α/;'i:;.ΟΟ.., ~:ρ,l <::ι, 

Y·:Q.1et light.. ΤΓι!5 «~thoo ~m. devel~d fcr ,,\rt!~'!;:' 6}JεtC1..r&:M." 11<%"'€ r., 

it my bc υ;;H!!~l f<>r otner mdt~.ria.l6 afto' Τ!ΙΛ ura:ni" 00.$ 1'J'I1!Dn ~~i:.·atoo 

$r::ooi:!c θ-οtiΥitΥ tlJ.flll no1'J" .1,. an the:t·...Gx~:reGti.on r::ιn)CE.· !!.1f!ire f.ri-Θ:t· t( 

al:"l1i/. counti~. ίο n,-COUf1lmi:k;ri ., 

G:rof:i1': hct.ivity 

[~.dι1T fo.r t~~ " $U~t Qr nιi.xed Ο-$' uni{.wntif:f;«1 τ&.-α/ΟaGt:i,v:e 



mlltεria1s &hou1d be adopted 0n1'.1 "t'ιith ΗΙθ l-eσσgllHίoη thatYe:tY <.: rievous 

~rrors may be invol'ted; suclt errors arise oocause .radiOl!lε!tric ~α/ d4rd­

ization is i:mposs1blo.. Gar..vna ~troraet:ry 1:::; of great utili ty i.n the 

qualita:tiva B.ll ~. .5ii!!1i"C;ruarttitrι.tive examin.ation ~E :$uch sampΙφs .. 

he f-ollG'vi g Pl-ocodu.re i:;; U6~tu.l for a cI'U!:$.$. mea$11reι:mert'l: στ fission 

ΡrόQυcts ~η Qq~ΘOUs 501utiOU8, ~eeping in roind the ΒθνθΤθ lindtation$ 

iroposed upα/l i3.ccurac:y.. sensitivity, α1'ΚΙ specificity.. 

Ιιι short,. the fJ1eaSUrement οΙ <;j ross-actiνί ty i:nYQlves ωγing στ t11e 

sam.o1e,- ignition in a .mu:ffle furnace, and grinding for u..rιi_~Q!'1""ity.. 

The sa:mρΙe €;ι "rooilced i5 counted for beta aotiϊlHy α/'l-d for a1pha θ.σΗ: i i:y. 

by t110 001 v€'l1t.ional mec.:l1s. 



atc..'8 {)f Η. '.Σ'1λ'C nt1nbo-r of ..t~, n.. ;m'i:1i'iil1inq tιftGX' thc pa~tx\q0 οΣ ti., 
_λt 

t f t. ο iu ~v-ι;m U;l' ~ .;cl1-}:'1.101\4{ fQ1'l;~a: f ... ·ο' e UΎ.<:11 iι'. '3. 
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·ta r"3·di(~tiQn d ~ sati:;;.! ctor"J ....c" itivit ':::01" ~1p:..· ~,nd σaι:r:::~ 

ιU'Θt.'· ts.. 'Ih:e ccrmti ()ffie!(f<!\11Y i r Ι1CU xa atioo i"" .:iP.N; . ; tely 

25'-Ζ- t iili th"J (J ?':>l αΙα to ..(1 win": '. ~ ίη sυ.itM1e ahicld, 

~ .,rooτ.d oountiD:l',1 rat of (Jb:;)ut 20 ern 4ΧΘ r .:>ib1e.. t.o":");[' blck" ι.)α/ 

οΙ a.'bo,·t 5 o~.-m 8 XQ (,"\.4tiι t}); ~11- '" Geic;;cr ~,. 

Tlds device ί~ r~c«. ndod ΜΙ,;' ίδΧ' I'adcn (11J:~I.;l CδuntiΧ\9. 1 cre tφ 

mn10 iz intrαiucc:.i i to t}'e ο" %t/ d1th~ t.ri'tiU!:l ~ bo courιte-d 

airo11. rly... 14 thi· ~ίCδ.t· n. a11 cQunter requircroont can })Ι}: ~t, 

with οοιωΗιl(ι ffici~ncics: Q:t Q~J'-e:r Bσj.. Υ1\Ω h;.σl:ς'rcια/1··S of loss than 

tiit1 ΟΙ' H1toou.t '-~ mn.;:;lo\Ytι t:hc gr. s...fl r pro~' onal c τmtt:ir is 

i(~~l l-or alpil <JJld l.x't..., co...ι.r1tlrς. [.11 <:.Q'I;k"tt~r;r ir-- "oots :ιχι:: .:."" 

Hith r10 'nting οτ Hcionci~$ uf e.c11O'J.t 5u'l <.Uld, with 31 ίΘ!<Hnςy,' ..::kr;r:;:;.unds 

οι los t:hal.t 10 σΙJ!;Ι for hc·i.:~< ":!'td 0... 2, (; Τ:: fv.r ,1pbιι. ::,mU"e;cι(':r,~t.~. 'rne 

r:ιbility 1:0 CΟ'α/ t d._' disi-ntegratiGr'i.$ in tJ;$ prnιw:r~c of bot:a α/Ι:;' '~c; ..~rAΙ 

Q.C'i::.i ν! ·ty~ α/Κ! ~ta di..:int(!IJr..:ti<: 't,: in t;_ L;re$enoo ΦΧ fj.\iJI:i'..."I aoti"i -Ι Υ i$ 

ωn ad·.:.te-ct advα/~t.::ι ...ό. 

Λntiοοi:ncidιmoo sy5tα;,s r{.,~ theJ:: ckqrt.~ <Jc>nD ·i!.iι;#' ra.t-e fo' 

G.e· €ιX ar prOfX)rtiOl\i~l bctcι. countin",. by α f~tor οΙ mo:r(": i:Δ<5:f\ 21 Ι,; 

wi:tho,Δ: cl~nginc- tf~;r C:_:clxacteristiιm. 'X'.l1ezι<it φ.t nΒ a::c. οΙ C~Ux·se. 

I<1Dre ~lθ' αnd α/Ot\:' c<mtly. 
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ί. G . scintillatiQn c~'tcr 

..... iU~ ~.:.ntillQ.tQ.roo uwal1y Gςιdiw;i1 iodidε! c.rystL~lξ:l. offer HKJ lΊ'!Ost 

sit! counti syst f:tr g(....~ r€1.Ys. FΊ('lt ΟΖο l1...ty:JI\:I cηrstdΙ;::; 

eh<m countil1fJ sf:Hcienol~s οχ 5 to 2Cfk" but C' en 'tdtl'L vy 8hi l.ding 

bt.\c~1s Q:f. 100 to200 'm a~ g.QT..Mlα/).~Low($r blc:kς;round couτiting 

;r:- tee (ΙΝ ΡΟ 8ib1e b' u·se of QnQrt.ri' discriminatioι but. i:h.i$: Ctiuses a 

rot:ιr}.; d irwJrtN1S i1'\ Cο,;.1ρΙexitΥ im.tl COf:>t. 

The 1nstrument.> υ~(l fO'l' (J-sf.1es$ing t!}('!! r~ 'Ι 1:ί v:t'ty r-f l'.I<:'i :,)l(!.~ 

.rcgt13t r only ~ fract10l:1 of b'i.Θ n r of d1.shιtc,·oφrati(,)ns. If() fiM the 

actual &σ1:ίν1ty,. 1t " s n fJOOTJ to 61:.wdan1ize theι ins1::r.ιum:rmt. 1'h"(!? 

l'Jtljor POiMS ΤΟ bι.:! ,-;o1l~idcrθd ar 

.~. t..1-ι" . ric eftic!ency f thει cQU.nte ; 

b) too curo.~:'Jla ΠΙOU<.t:tng:; Q,nd 

c) t c tYf» ~ ooθ~ of th., '2 ....:1. t t0d ratii~tiQ~.. 

Th& first tνιo !)Q!:nt... <ΙΤθ t..nk~n care ,-,f by α ιw·tly re!'..!rod:uaJnσ iooUw.'1ti.n.g 

tGclυ iqu&<$ α/.\d countinq sl. 1 s .'1nd t dard 00 th<8 sa.t σcunt.θr" ~he 

diver it1' in ~O%'9".1 e-f bota αΟΟ r:J -aissiO!t f.rιtιro diff' r~n· nualiti s 

m:'1k.$ ί t (fssen1:iι!:! tbat.. in evcry. ssible ca.JW,G,tα/1d"rdiootion sh clfj 
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Λrti~~iciaΙ ί;a( i. ctivi ty ίη t11 Νu.τ:Ι l..>nvirΘl"'~ 

Ocειan )raρ!ψ,,, l'f:i6.IJ tQ l.9ia" rJ,G.,S..ιιt:.: ~,19S9.. 

:\rrl1.α/1i G..",>l.. } .. 131' l{1:tte,. and L.. }'iceiΦ:tt1)). 1 ..51, Ltκ:a1i~ti n.f7 

of raf:'lieacti νfif α/ld s1.:Qhle lme.vy nuclide i-n OI.~oort 8edit:1t}~t1!1j" ~t" .ture", 
l;-jQ., 35...BS. 

A1~r'1.α/\iaz. G ~ '!d .~'" D.,. (;oldbGl'9', 1955... μ D1#trt'}mtion of radi·~'tCti ity 
in r~laqic el&yu.p~ TQllusr 1,. 226-231~ 

Banι $. ΙΙ .. ., ~'APP6rab$ aHd j'·iet1»:1:i: Qf ~ra.nh,.".. Int r$σience~).dbli~rs.
Inc.,. ~Jεrwl YCJ1:I::,,* 19....9,. 

~"Tl~() BiolQςIlcal ~;ff~t8 Gf ΛΙα. le Radil1tion.,"' .. S"m:ιa!y Re!')Ort 1960.. 
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