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Ill'I'RODOCTI Qli. 

7ollav!.ng Cle cetc:w.tion of ~ then:;onuclear device at the Paci!!c Test Site 

on l Harcb 1954, 2.YJ t-'.fl.rsbalJ.cse people vere CA'J>Osed to a1gn1fica.nt 2.evele of 

·.Tee e·•ru::uated to Y.·•,,.Jalein f.Jr G.econt&::lir.ati:>n and c!U"e. 

~esc c:n.-t~a i :l..'.:!..1.::~~ .. .,..,_.,'i t~t t:::c acu~ L.1.::.a.rd frcm internally dcros1 ted fission 

J~ 1957. 

3a.s1c d1.i.ta ,Jn tLe !o(<l er-cps of the F11r.3hllll€se inQicatcd that a...."'ter 
tbe 

resett'.encn.t on the ccrc':.a.'!l'..r.ated a•,olls 1n•.a.ke of stront1=90 vou.ld be incre&sed ,.. 
considerably, 1llld th.at c~si\JlJl37, z1ncG5, and cobalt6o Yere diet1U7 coru;tituents 

of island and ocean foodstu.ffs, and also Yould be aas1.m1lated (2). The expected 

1ncrea.sea in the trace C.:10>..LD.ts of :·..uUonucl.::.c1'...eo in the rood supply of 8. :..arge 

population . .,.,uld "!'fo:-tl an o;portt:.ni ty to investigate the rate of equilibration 
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excretion levels of ces1um1Jl and strontiu::i90 vere ciea.sured fr= Mru-ch 1954 

One hund.red and forty one 1ndJ.v1d'.lal urine eu:rples collect..ed free 24 Jo\Arch 

1954 through 7 Septe!!!ber 1954 vere obto.i::ied by tbe Health and Saret;y Laboratory, 

AFC. Urtoe ve>l-=• vere email (about 350 :nl) and it vu oec•••o.r:r to pool 

ee.mplcs. 'l'h!e .,,.... done according t.o the ...,~ of the subJects and 19 •wi:;>lee ot 

pooled lilinc ''"'" a.asa;yed. A 57 l1 wr poclcd uri.ne sample frcu Rongell\p """ 

calle<oted o.:id 11.Bs~ed in 1956 ( 3). Three pooled eamples and &even individual 

•=Plcs verc 11.Bsayed 1n 1957. Thirt;y inc!..!vidu.a.l. urine •lllllPl•s vere "-"Oa)"'d in 

1958. 

In •""'Flea collected 1n 1954 and 1957 cesium137 ...... scavanged by nic.ltel 

!erroc;yaoide (urine made strongly a.Uta.line) and cou.nted 1n o. cr;ysta.l vell couoter. 

A tvonty c~l gemca-rey spectrum vas detenrJ.oed for each Hm;J.e and the ces1um
137 

photo spectruc count rate used. The 1958 sN:Iples verc aeu;yed dirc;tlJ' for Cs1 3"7, 

'l.n65, and K40 in 2. 5 liter plutic containers placed on an 8 :x 4 in.ch (TB activated) 

sodium iodide cr;yetal. Tbe activ1ty for each rs.dio-isotope vae d.eten:Uned b;y 

gamna- rey -'!!P" ct ral an&lJ°Bt • . Sample ac ti vi tie e ve re c cm.pare<l. v1. th kno"1l rs.d1 o­

ac ti ve standArds (t 5 percent) cou.nted in the so.me geaoetry. 

Stront1um90 ......,. precipitated from urine as the carbon.au. "!'.ttr1um90 ~ .... s 

oep<lrat<:d and 1dent1tied by its half-life wil.!lg thin valled gas fiO\I counters. 

Urine •=Pl•s vere corrected tor ro.d.10-active deca;y to the tiJDe of collection. 

There 1• •ace uncertainty as to tr.e cacr;>leteness and t..he dun.ti.on of time 

over vhich 1u1.r:plee vcre collected and tbere!'ore t·nnt.y-fO\.l..r hour urine volurr..es 

&re not e.ccu.-..~J..y kDovn. Pote.esiwr.4o excr<tion, usl.!lg }60 d/m or 2 g:< K/df'-y 

indicates B.D aver8£e d.aLJ..y voluce of ebout 1180 ml (t 56 percent). It VRs con-

venient t.c 1ae one 11 ter as an average 24 hour Urine voluz:>e a.od to express ra~o-

uoa;ys 1n i:.-1.crar.icrocurieo per liter. 

·~~ f"t 1: .~ 
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RESULT3 AND DISCUSSION. 

~esiuml37 <:::cretion Leveto o.nd Body Bur<icn 

!'be uriD!lry excretion levels of ces1uml37 for the ;years 1954, 1957, and 1958 

are shovn in Table• l - 4. On 24 - 25 March, 1954, the mean excretion level of 

cesi=137 for e.ll e.ge groups vo..s 4c5 uuc per liter. \11th an excretion re." of 

0.46 percent (4) of cesium1 37 body burden per 24 bou.ra, tbe lll<IB.ll body burden 

free fallout 24 - 25 days a!'t.er e..xposur<! vas 405/4. 6xio· 3 x 106 or 88 m:uc 

(± 54 percent). Thia value is about 20 times the average body burden reported 

b;y 2. C. Anderson, et. al (5, 6) for people oeB.aured du.ring 1956 - 1957 i.n the 

United Stet.es. The cesium137 •J.rlna.ry excretion levels for the six months fol.lov-

ir.g exposure co.n be expressed M an exponential t'unct.ion, and a best 11.Jle of 

fi ~ ;J.:avn through the de.ta resulted 1n a half tine for el1.m1nation of about 

110 dn,ys (Fig 1). A biological half ti::le of about l4'l deys bas been oba11rved 

on vc~u.ntecrs ·mo 1r.gestcd one :o.1crocu.r1e of radio-cesium (4). 

From the 1957 Cs 1 J7 excretion levels (Table 2) the Rotl8elap group exposed 

to f~out vas estirr.ated to have an average burden of about 7 l!lUc, vbereu the 

Roneclap control group .• .,._., about 2 !I:".lC. Body bu..-den in either group in 1957 

is ccq>arable to levels measured in the U. S. population (6). \litl:. a ha.lf ti:me 

for elilr..ination of the order of 150 da;ya, the body burden of the exposed Rongelap 

group o!lould have decreased f'rca. the March 1954 level to 7 muc in about 550 dqa, 

or late in 1955. A body burden of 7 muc for this gNUp i.n Marcil 1957 could then 

indicate a c~nt1nu1ng exposure to ca1 37 dur11'.l8 1956 of the order of 32 micro­

:nicrocu.rics per dey from stratospher1c-t.ropospber1c falJ.out vhi.l.e residillg 011 

).ls.Jure. 

Sl..n.ce the Utirik group VB.S returned to their at.oil in 1954, the mean b~ 

buroen in 1957 vas elevated to an es ti.mated 337 muc, SOl!le 48 ti.t:ies the csl37 

burden ot the e:q>osad Ronaelap people vho resided on Majuro. This long residency 

time oo Ut1r1k atoll a!'ter !allput contamination, ..s cCEip~d to the excretion 

'i 
; 
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rate of cs1 37 should b.a·1e resulted in an ec;uilibrated csl37 burden, v:•.h an 

esti~ated d.Aily intake of about 15t0 uuc of cs137 Unfortunately no syste!natic 

su...-yey of foodstu.ffs grmrn on these atolls has been reported. Data e.vaileble, 

hovever shov that coconut ~ro~ on Roncclap contained about 9 uuc Ca 1 37 per 

grac, and nrro~oot (Utir~k) contained ebout 8 uuc csl37 per gram. The daily 

intake of several hundre~ gre.!!.B of either staple vould be sufficient to a.ccount 

for the 1957 excretion level in the Utirik group. 

The Ror-<:elap grou?S had been resettled for abou! cine ~onths at the time 

of the ~.a:ch 1')58 med'.:e..2. survey, e.nd u.rin.ary excret!on levels of Cs 137 hB.d 

increased about one hundred fold over 1957. levels. Mean body burden for the 

tvo gro1.11s st this ti.:::e ·•B.S 0.9 uc (± 27 percent) and 1 2 uc U 47 pe:ccnt) 

(Tables 3 and 4) Cesiuc137 body burden may have equilibrated by late 1958 and 

predicted burden.a ve,.,, about 1.3 11.lld 1.6 uc respectively 

Strontiw:i90 Excretion Levels and Body llu:;dcn 

Urinary excretion levels of stronttu:.9° a.re presented in Tables 1, 2, and 3. 

The stront~u::i9° excretion level in 19)6 vas.0.5 uuc/liter as deteroined in a 

pooled sa-,ple of 57 li~rs Fi~ 2 ahovs the excretion of sr9° for ttc three 

years follo-W:ng fa.l.lou~ exposu,-e. Althougb there is considerable V!U"iat!on in 

the dnta for the variC'.19 e.gc groups at early ti.I!.es, nean values for all groups 

plotted S'-'f~e5t thct t\:le excretion pattern can be expressed conveniently as t~e 

sum ct' tllo expoaentie.!. t.e:-::i.a The large~ portion of si-9° vs.a excreted vitb a 

half tir~e o!' e.bout 40 C.a.ys, and e. sa:a..:.l :'re..ction. 20 percent, vas excreted \.1.th a 

half time of about 5:.;.c, days. This is s !r..ila.r to Govan' s ( 7) urinnry excretion 

study of e.n accident caae involving inhe.led sr9°. 

AB YliS noted ic tO.e March 1950 ca 137 l•Yel~' the excretion leYels or si-9° 
""re also 1ncreaaccl. tc 3 j-4 o/c.2, or abou: 20 fold Since cs1 3; level" in-

crc&sea 43oc - 5~::/34 1 ~r about 140 fold., the ratio is about seven in favor of 

W1tb the i~~reo.ae" in urincr-/ s,.9D excretion levels in 19)8, it YllS 

·f 
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perti11A1nt to estimate bod,y burden, burden expected at equj.librium, and dAil)' 

'intake ot sr9° :J'OID t!>cee e.xc,.,,tion level&. 

Tb4 metabolic ~havior ot strontium ...., outlined in Supplement #5 ot the 

British Journal ot Radiology vas used to estimate bod,y burden, etc. from uriLA.?7 

e~c,.,,tion levels or str<>ntium.90 (Append.ii). The traction ot strontium &baorbed 

!rCZll the gutro-intestinal tract is 0.6 t.nd the biological e:xc:r-.tion rate !rem 

the total bod,y ia 19C days. Of the absorbed fraction, 0.25/0.60, about 42 per­

cent ia deposited in bone !U'ld the biological halt-life is 4ooo ~a. ABaumi.118 

that the ab1orbed traction 1e exc,.,,ted entirely in urine, the me8ll bod,y burden 

of the exposed Roneelap group 1n March 1958 vas 2 JllUC (:!: 52 :percent). Thia 1a 

Lbout nine percent ot the expected equilibrium value of 23 muc. The est1.mated 

burden ot stronuum?O far March 1958 1• probably too lov and compares vith 

levels meas~d in stillborn children 1n the U. S. several years ago (8). The 

daily intake ot stront1wn9° is estiJnated to be about 15 micra:Ucrocuries or 15 

3unahine Units (aaswni~g a daily calcium 1nt!Lke of one gram). 

Dunning (2) repor<""d that the average concentration of strontium90 in the 

Marsha.llese food supply could be about 36o Sunshine Units, but this vould reduce 

to veil under 100 3unah1ne Unit& 1f the con.sul!lption of high sr9° content foods 

veno el1.m1nated. With t.he ellm1"6tion of pandanu.a and land era.be the diet used 

b7 Dunning 1D.d1cated t~t the intake of atrootium9<' vould be 17 Sunshine Units 

per liq. Thia compares favorably vith the esti.m.&ted intake of about 15 micro-

microcurie• from excretion anal.)"aia. 

Z1.oc65 ?xcretion Levels and Body Burden 

In ee.rly 1957 1'\iller ( 9) detected Zn65 in selected re81denta of Rori&elap 

and Utirllr. by vbole bodf gMllllA-ro.,y spectro:.etry. Sod,y burden r1mged from 29. 5 

to 73.0 cruc for the Rc.roselap residents, a.nd 4B2 and 229 muc va.a detected in tvo 

subjects from UtiM.k. :'he Ro~l&p aubjectG vere residing on Majuro at UUa tl.!:>e. 

.,_ 
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Miller obtained an effective b&lf-tl.Jne o~ 110 d~s for the elimin.o.t::.on of 

zn65, and for tbc tvo subJects fr= Ut.ir1.k the urinary to fecal e.xcrction ratio 

vas 1/9. 

A..sewtlr'8 the excretion to be er..:i:-ely ex;ionent1a.l and lC perccr:.t of the 

body burden Of :::n65 excreted in urine, the He.:-cb 1950 urina:-y excretion levelo 

of 174 and 342 ir.icrccicrocur::.es in.:!1ccte body bu!'icn, ec;.uilibri\lm body burden, 

a.nd dl\ily intake ac follo._"3: 

RONGEUJ' 

1954 D:posd Group Control G!"oup (;Jne.xpooed l'.)54) 

Bocy Jlu.nien (Harcb i95e): 2eo muc (! 49\) 540 muc ( ! 90;) 

Equilibrated Dody Burden: 330 r:uc 

De.ily Intake: 2100 uuc/duy; i.100 uuc/d.ay ( 

Percent Equilibration: 85.<: percent 03. 0 percent 

Tile mean body burden estimated fron 1958 excretion analysis for e.11 Rongelap 

subjects shoved a ten-fold increase over tbe 1957 vhole body meaaurements. This 

1ncrcaoc correlates vith the return of tbece people to Rongelap atoll fran 

MaJuro. Also the 1958 Rongelap Zn6) bur<!ens arc ca:ipe.rable vith the Utirik 

subjects in 1957, and the Utirik oubjects 1.1ould have been in equilibrium in 

1957 (half tilri! of 110 deys for the elL'llination of zinc65). 

The eatir.ated intake of :incc) (200C to 4000 uuc per day) can not be 

&ecounte~ for by Zn65 activity levclc reported in foodstu1'fs. Although tnis 

radio-nuclide n!portedly accounts for a la'!;" fraction of tbe total activity in 

fish, this er.:ounts to only about s!_x uuc r~r pound of muscle up to 75 uuc per 

pound o~ vhole fish (2) or at ~act four pe'cent of the estt=.atcd inta.Y.e. 

CONCLU3ION3 

Since rescttle1:1Cnt of the ~:a,-ohallese people on Rongel!!.p atoll in July 1957, 

the urinary excretion level of ccsiuzo137 has increased about 14o fold a..~d about 

# Anouming 100 percent absorptio!l froc. foe OI Tract 

I] . \ '1;. :i -· ~ \. 
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20 fold for etronti~. Zinc65 Y&S readily detected in samples f?'all tbe March 

1958 medical survey. 

The estimated mean body burden at equilibr1uc for ceo1um1 37 is about 1.5 

:n1crocur1ee or about 1/6 of the tolera.nce reca:iocnded by tbe Intcrnntional 

Ca:niss1on tor RMiologicaJ. Protection for ::ion-lndw;tM.&l populations. For 

stro:,u.u:o'/O the ~ body burden of the exposed Rongelap eroup in March 1958 vas 

estU.··.tod to be tvo m.illi:n.icrocuries. !'his is about nine percent of the expected 

equilH :~u:i va..lue of 23 m1111.ru.crocur1es. The ec;:ui..1.1bratcd stront1=9° "burden 

ls abo"i l/5 of tolerance. The estl.J;}a.tcd ::>ea.n body bu..-den of zinc65 for 

Range: ':· :·tc '.r. !1 ,_,-cb ls,>58 is about 85 percent of the cquilibrotion va.l.ue 

of 0.( ~Cl'OCurie5 and the equilibration v:J..lue iG 1/70 of tolerance. 
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DATE OF COLU:GTION 

24 March 1954 

2) l lnrch 1954 

17 April 1954 

14 or 31 i1ay 1954 

6 or 7 Sep 1954 

TAIJU: l 

EXCRETION LEVELS OF URINARY CESI~J? AND STRONTIUM90 
( uuc per li tcr) IN TJ!E M/\JlSf!ALLESE AT VAfilOUS TDIE:; AFTER EXPOSURE Di 1954 

AGE GROUPS 
< 5 yrs 5-16 yra lu-24 vrs 24-40 rrs • 4{) yrs 

Csl37 sr90 ce13'f sr90 c6137 sr9o c 6 137 fpz-90 c8 137 sr90 
I 

- - 8&:) ll.O 294 5.4 372 3.9 258 -

- - - - - - 2G8 7.7 352 7.7 

794 16.4 78o - 1131 1. 7 311 1.2 323 2.3 

- - 255 13.4 427 4.2 434 0.9 543 5.5 

- - J.18 2.0 2/3J. 1.9 86 0.5 141 0.5 

. 't·"':_ ":;".~-~~:~" .. :.···,Q' ~'·1-.Y."";:..:.:a.~./-:-;r:;j:lJ t ;-~~~·~..-:.-;,f,)·~-!.,.~ .... ~....,, ... 

MEiUl 
:tS.D. 

csl37 sr90 

4D51218 7.1:12.4 

5211!:214 5.4±6.5 

415±100 6.0±4.6 

157:t73 1.2%0.6 
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TAELE 2 

S:XCN..'"'?ION U.'VELS OF \JRDW\f c;:s~Jl A.'iD 3TROfilIU!'.90 
Di THE HAJ\.jRA.Ll>-::J:,: DURTIIG HARC:i 1957 

PRIVACY ACT MATERIAL REMOVED 

1339 

HEA.N SJ.J. :.PI..£ 
VOUJl<i:E 

AI:TrVrIT ( uuc /l 1 ~ r) 

4,100 t:'.c 

Cm.t:-ols - Hor-cclup 3, U:,4 m.l 

~~po:~cd - Utlrtk 

'I'Cll'AL :;,\l '.PU: 
VOLUJ.GO 

'.i,400 t'L:.. 

10,200 ::l 

2, 700 m.l 

;,4oo n.:.. 

8, l>ou m.:. 

2, Ii.JC 1":.l 

• ) !._ 

34. 

e. 

15 3'.>. 

K:. 

lGll. 

!28. 

103. 

120. 

3,759. 

1, ('90 

0.2 

0.2 

0.2 

., c 
v. _, 

0. L 

< 0.2 

( 0.2 

F'RIVACY ACT MATERIAL REMOVED 

,. 
t 

' i 
·"1 



PRIVACY ACT MATERIAL REMOVED 

TABLE 3 
VJ 

EXCRETION LINEL3 OJ' URiliA.RY Cwil.J}r1 37 , PCJrA-;SIL11
40 , z:r::ic6 '.5, and S?ROJITIUM90 DURillO MARCI! 1958 >+>-

0 

:9)4-r:uo:;l:lJ GROUP 
RO!!GUJJ' 

AC7IVITf 
CA:3E AGE URl;\"L ~ ~~I 40 () 

'"'1 

(1958) CWilJ1 J...) I c~/K :Jl'RONTIUl_po > 
SUBJEC7 NO ::>EX vc-... PorA..>:JIUM zrnc t"' 

t"' 

uu.c/l 
0 

(co:; uuc/l gJO K/l uuc/vn uuc/l c: 
....J 

7 H 41 2GS<1 2.lfl). 1.0 2203 lii2 i.G ...., 
:ll 

9 !-: 27 )'(00 l'.'.j) 0.7 lGG) 100 3.8 
0 
;::: 

12 F 23 V;'4) 2924 l. 3 2232 2G4 1.5 './. 
2 

22 y 21 5525 5917 2.5 2357 345 6.0 ~ 
M 
> 

26 H 16 5915 4330 1.6 27o6 00' 
LL J 2.1 :ll 

36 2580 l4z'lll 238 
~ 

31 M 3393 2.3 1.2 M 
> 

"' 39 F 19 130 13l3G -- - - 155 NDA 0 
:7, 

4o 34 1740 2615 14!3 6.1 
(Jl 

H 2275 0.9 ..., 
41 48 2690 2245 

M 
M -- - - 10'/ 5.3 

~ 
66 F 34 2665 2413 1.4 16G4 22 3.1 

73 M 22 4125 5584 -- -- 147 5.7 

76 M 13 2665 ll7o8 0.3 45031 237 2.8 

79 M 49 1015 '3117 2.1 179G 121 2.0 

PRIVACY ACT MATERIAL REMOVED 
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C>.Sll 
..J\J?.JiX.~~ •O. 

310 

(}..--ir· 
.) 

DOG 

O:µ 

G}b 

0)3 

e.40 

043 

°""' 
85) 

8G5 

872 

07• 

C7G 

en 

iY·J 

(llY; 

cour~oi. cnOUP 
( VJ<LXPQC!::D- 19)4) 

ROllG~:l.Al' 

A::.t~ V:l!~:i 

Ci<X (19)c) VOL • CE:~lU<l 37 PV'r.AS-~ r. .. f'D 

(al) \JUC / l "" K/l 

7G74 O.) 

I•" 4W '7)28 2 B 

2\.' ~I) ; 165 l .9 

;~ ;4 Ju -,· )4:? l. .. 

.. 56; 7Cf23 3.6 

2( lU:"•l 'i tOC7 .1 

" 2]5) JJ)) 

'.] c490 ::<:f,e 0.1 
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I. In tho ca.se ot strontium eliadnation, the tollov1.ng a.uumpt1ona vere lll&dAI: 

a. T!lo population '-"!LS r<oturned to the contaminated at.ell o.t ti.me t • o, 

vtth o. zer<> strcnt1um body burden. 

b. The population o.baor'bs o. daily 1ncr"!lrent ot x uc, and x is cons1de?'l'd 

to be a consu..nt ind.epmdent ot ti.M. 

c. The IUWU!lt ot strontium excreted in the w-1ne e&eh dq is given by 

P(t) • ~(t), .mere E(t). is the total excreted by &.ll rout.es ea.ch d~, and It is 

a consta.nt independent ot tiz>e. 

d. Tllo hody is considered to be a tvo coz::i;artz:i.ent system, A IJld B, vbere 

A + B • l. The axcr<>tion rates tor ea.ch c=i><>M.ment a.re a and b dqa "
1 

respectively. The portion ot E(t) excreted frccnea.ch c~nt is proportioDAl 

to the burden re=i.n1llg in t~t comp<lrtJ:»nt. For cesium and zinc eli.min.ation 

si.:nil!U' &.asll"!ptiona are ::lade, except that o~ or.e ca:part'lent is assui:ied. 

e. :lov: 

o( t) io total strontium bod;.f b·.m!en at tiz:>c t in uc 

a ( t) <l.Ild G ( t) are the portions in ea.ch com;-art::ent 
1 2 

a(t) • • (t) + s (t) 
l 2 

Considering ea.ch cCCipU"tl:lent seperat<!ly a.nd adding the ?'l'aul.ta, 

~ • A:x. - E1(t) •Ax - k P
1
(t) •Ax. aa, 

8 jt) ·-·- (l - .-•t) -ht 
l

\ ,.,., &:id a (t) • nx (1 - e ) 
a 2 i) 

E(t) • a.a + Ba 
l 2 

1 
P(t) • f (aa

1 
+ bs

2
) 

A-1 

' 

l 
J 

i 
Ii 

1 
" ' 
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ec<ullibrlwt body bu.-den M • 11.m s( t) 

1. 

s(t) c x~ (1 _ e-at) + ~ (l _ e-btJ 

A B 
M•x<-a•'Ol 

P(t) • l ~ (l - e-at) + B (1 - e-btlJ c i (l -.A.e-at - Be-bt) 

'1 • 
!W. ~ t B 

·~ o! eq\Ul1br1= • It •a (l - e-" ) + 'b (1 - e-bt) 

A + D 
& 'Ii 

A B 
2. o(t) • kP(t) a (1 - e-a.t) + 'b (l - e-bt) 

A(l - .-st) + D (1 - e-bt) 

3. x • 

A + B 
4. 11 • kP( t) _a __ b'-.-____ _ 

A(l - e-~E) + B(l - e·bt) 

1345 

f. The foUOVing va..l.uco for ctr<mtiuin net.abolism ""re obtained from Supplement 

No. G of the British Journal of Radiology: 
1 5 

A • I2 B • I2 k • 1 a.ud 

ha.J.f'-t\..a! Of Cl1mination Of 190 and 4000 d.olys I'<'•pectivel.)'. 

Y. .. Q. G ). ' and x' 1 ~ t.ot.a.l. d!lily intO..::c. 

At t. no d.olys: 

3 • 0 
0 

P(t) • 3.45 x 10-6 uc/dAy (1954 !:>:posed nonc;elar ~ubjectc) 

3.9 x 10-L uc/<!..a:y (control Ronceln~ Subjects - Unexposed 19)4) 

··~ 
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II. Ill the case or cosium llM ~illc: 

;rt 
a(t) • a (1 -o-"t) + 0 e-at 

0 

x is tbe <l.aiq accr..tion ill uc/da:;r, and a0 is the body burden 1n uc at t • o. 

da dt =-as + X a .. a 

• -E(t) + x 

• x ~ /_ -at - ( -at) ltP( t) • E( t) • a eoe + a l - e 

M = lie s(t) = x 

t--> 00 

Zinc65 

a = G.3 x io·3 ~s-1 (tl/2 • 110 da:;rs) 

s
0 

c 0.03 uc 

Ces1=137 

a c 4.C x ic·3 days·l (tl/2 = 150 days) 

8 = 0 
0 

k • 10 

k • -~ .i..r 

/rbe lll'inory/recal ratio or re.diocesium for humo.n Gubjects ia about 5/1, so that 

estimates of body burden are too lcv by about 20 percent. 
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