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BROOf{HAVEN NATIONAL LABORATORY 

MEMORANDUM 

DATE: Nove111l.H.!L 21, 197! 

TO: Distribution 

DL:ST COPY AVAILABLE FROM: '1.f ~c~ 
I 

F. Cua 

SUBJECT: Determination of Pu !Jone Burden 
1~rough Teeth Analysis 

Question: [s it n~.lev.;111t <.111d weiyllty enough for a 1!39 from DBEH'? 

Outlillc.: of F. 'l'. Cuc1's J{t:se<lrch Proposal: 

I. Objective l: 'J\; dt.!Vc:lop i.Hl alternative technique to urine sampling for thl: 
calculation of low lL:v<.!l plutonium bone burden--namely, the d0termination of 
plutonium activity concentration in·teeth samples. 

11. 

Rationale 1: Cu.rre11t state-of-the-art technique for the analysis of Pu in 
urine samples is such that the minimwn detectable limit is in the region of 
the range of activity concentration of Pu in Marshall Islands urine samples. 
In additior1, bioassay sampling suffers from several deficiencies: 

a) assLunr,tion has to be made on the model of Pu distribution and excretion; 
b) cour1ting statistics, chemical recovery and uncertainty of a 24 hour 

urine sarnpl(: results in errors that average 25%. 

Objective 2: 'l'o develop a technique whereby the fraction of Pu inhaled versus 
Pu ingested can l.Je obtained and thereby serve as a cross-check to the current 
method of vegetation-diet study and air-sampling resuspension progi:am--namely, 
the autoradiography of teeth samples. 

Rationale 2: Dose ass0ssment through environmental monitoring in the Marshall 
Islands suffers from the following deficiencies: 

Note: 

a) use of models for Pu distribution and retention extrapolated from 
animal data to reference man; 

b) assurn1;tion of constant continuous uptake which certainly is not the 
case; 

c) difficu.Ltics in continuous air sampling due to lack of power in the 
islands. 

'l'he proposed study will make use of animal data and will need certain 
unavoidable C.Js~;umptions, but they are by far more controllable and less 
uncerl:ai11. 

Materials: 'l'eetl1 ~;ar11ples from animals under study at the following laboi:atories: 

Definite: 

a) lldltJ:l.ll~ Northwest Ldboratory (c/o J. F. Park, F'l'S 8-444-3375) 
l>1.:.1<JJe fmgs - 2 38puo2 , 2 39puo 2 , 239Pu (N03) 4 i11halalior1 studies 

and i11jectio11 studies (lo be verified) 
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li) 1.uvL'l"11:,· 11io11i.:dicc1l c111J 1.-:r1vii·ornn...,11tctl lZesedrclt LJLiuratory (c/o 

.J. f\. t·k\..J\111111.:y I [.''J'S U-4 75-ii-170) 

11.:.1•J \., l.l"')'' ·- :~'.lll1•u, 2J'Jt'u i 1il1aL1tion studies 

L:) lJ11iv.:i·:ciLy ut lJLi.1!1 (c/o \.Jic:bst.er Jee, l·"I'S 8-588-5'.)00/SUJ-6728) 

d) l.u:; f\lcJ111,,~; S•:i<:11tifi.c LulJOr<.iLory (c/o Ja1nes Mclnroy, F'l'S 8-84J-·4709) 

Le) f\1 <Jullll•.: Ncit:i.u11i.ll Lal.lo1:a.tory (c/u Mariko l3battachctryyu, FTS-8-972-4160 

U011c· <L1Lct (1•uul ished or u11pul.ll.i.shed) that correspo11J to these t€:cth 

sdmples. 

'L'l!<::!Ll1 sd1nul,;s trum tl1e M<lrshul.l Islands. 
sct111pl.cs v1hich c<111 b<.: b1:okL~11 down as follows: 

Is I.and 
-----·-

d) Biki.r1 t 1 
i(UIICJL:ld[l 26 
Uti.rik JS 

?<:X//\<)!c.' 

b) Male 0dult >15 yrs. old 14 
Fumctle adult >15 yrs. old 22 
Male children ~15 yrs. old 5 
Fe1nal.e children ~15 yrs. old 11 
Unid1;ntifi<..1ble 5 

c) 

Same person extracted 
at different dates 

,Good 
Pennancn t -.. 

Bad (Decayed) 

Good 
Deciduous ' 

Bad (Decayed) 

Location -----
d) Lower Jaw Teeth 

Upper Jaw Teeth 

Ki.nd of Teeth 
e) Incisor 

Can inc 
Premolar 
Molar 
\;Ii sdom 

Time a11t.l Dclte of Extraction 

5 

Then:! .:ir<.: currently 62 

d) Jan. 
June.; 

Sl~f.' t. 

1977 
l')T/ 

1.<Jn 

9 (All from Rongelap) 
11 (l\.11 from Rongelap) 

1 (From Bikini) 

cldn. L'J7U 36 (32 from Utirik) 
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III. 

iJ) l'u1!l.t<J! :o..i1111dt.:,; fu1 diffeCL!llt caleyo.ciu,;, 
( J,) I ( C) + ( e) !· ( f) 

l>) l'c11di 11<.J Ll1L! 1:t;sulls tt·o1n L!iL: currently available sdrnJ?lL's, 
<tddiliu11ul ~o.i111ulL!s fu1: activity co11ce11Lration determination 
d!td dlllUlddiuCjCdJ.!lty. 

lL wllJ. i>c ul>Lc1i1H:d Ld~_;t..:d u11 a flexiule but carefully thought out 
L~ X iH~ L l I Ill! 11 l d l c IL! S i <j 11 . 

ML!thods: 

Each Macslt<lll L.i.ld1HI ::.c.tmple selected would be unalyzed for 23Gpu, 239,:Z40pu 

vi a t.he ion·-'-' xc:J 1<..11 i<Jc r i x<..1 Li on-t.> l u L ion-e lee lroc!L!pos i Lion technique and alpha 
countill':J, for 90~;r vi.d Lile llEUlll' t!xtracLion of 90Y-sL:paration <lS Lhe oxalate 
a11d uetil cou11ti11lJ, '"11<1 for 2411\Jn (if detectLLble) via t.he garruna counting of the 
eluerit. Only t:J1t..; pluLoniw11 data will Lie used for F'. T. Cua's Ph.D. research. 
E<lch <.rnimul Lootlt sumvh' selected will be ilnalyzed for 238pu or 239,240Pu. A 

quality dssura11cl: proyrdm wi 11 be st~t up uetwl~en BNL and the laboratory from 
wl1iclt the samples uL·•c obtained since Lhe animal bone data are CJencrated at the 
otl1t:!r laboratoriL!S. 

l\ll '-'ciuipment is curce11Lly uv21ilalJle <lt the S21f(.;Ly and Environmental Protection 
Division. 

/\u tor ad ioq r c1phy 

Numerous uutoradio<Jraphic techniques for preparinCJ histologic section of 
undecalci.fied teeth are under evalua Lion. Each hwnan and animal teeth samples 
selected will be subjected Lo the technique developed ultin~tely. Each section 
will be kept: for future 90sr studies. 

Equipme11t Neccssury: 

a) ceagents used in preparing the samples 
Li) bioplastic or paraffin wax 
c) emueddin<J apparatus 
d) 111echanic<ll yri11der or microtome or microsawing apparatus 
e) slides a11<l emulsio11s and plates (a & 6 tracks) 
f) photographic processing equipment 
g) stainin9 reilgents 
h) nucroscope (video camera??'?) 

Question: Would it u~ difficult to arrange time for the use of the equipment 
curre11tly available in SEPD and other departments such as Biology and 

Med.i.co.1'? 

IV. HcsuJ t.s: 

l. 23fll'u ur :! l0, ~LJ(Jl'u cJcti.vi ty concentration in the Leeth samples of different 

ki11ds of <1J1i111aJ~; exposed through different routes of entry 

2. l3011e ddla 
3. 'J'e,"Lli (J) Lo Jlu1\t: (!.) rdti.os foe different animuls for different route:s of 

c11 L ry 
tJ. ;'JUJ'u a11d ;•J'J,~'.LJU1•u dCL.i.v.Lty concenlriltion of Ml Leeth samples as a functio11 

ol .1<:JL·, st:x, e:<lL .. u:t.iclll d<lte, kind of tooth, isli.tncl, etc. 
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',) f>uLurudi,i•Jl c11il1y u! ..111i111ctl Lcc:Ll1 sctmples Sl:liccted accurd.i.ny Lo certain crit<:"rid 
l.) 1Ju11c: Julur,hi tli<Jl'dJ,l• !.tu111 utl1c'r sources (puulislied or ur11>ublislied) 
"/) Cumt->J1L;u11 ut (')) c111.J («) 

u) /\uLuLHi.i.u<JI dpl1y ,,1. M.I I vL:Ll1 :;u1111ilc~s selected accorJi11y Lo ct.:ctain criteria 
'.l) Cotnpc1c.1~;c)1l uJ: (',) dt><l lH) 

10) LlL:lern1i11.iliu11 l.tL1111 ('.J) J:i.·dct.i.un inyested Vl.!rsus inhale-d froJI\ different 
pdtt'--'r11 ( i L .u1y) 1.11 I l1c.· dJ sLriLution of l'u impacted on th.:,, lC!etli (from chewiny) 
dJ\d ci.1cu.L1t1:d (fLllCll i11itc1.lJ.tion dl\d from the transfer from SJUL to l.Jlood of 
in<_Jesled 111<1Lc~J..i.<>.l) 

11) lbe ut dL'lJL'OjJt·i..ilc:l·; wcci<3l1led rdlius (3) to yet bone burde:n by multiplying 
( 3) by ( ·1) 

V. Concl.usiu11s: 

a) i'u bonc2 LurdL:1t frum L1.:C!tl1 data 
b) Cumpa1·iso11 Lo biu...issc1y results 
c) l,.rac tiun 0f Pu inycs lc:d ve cs us Pu inlialC!d 
d) Compariso11 t.u VL:LJL:lat.ion--diet study and air sarnpling results 
e) Cornpariso1t with uLl1L:C human teeth--human bone data (if available) 

VI. Cost Itemization: 

a) Salary of resc:arcll coJ laborator 
b) 'l'r<lvel expenses of re;.;ea1·ch collaborator 

-possible trlp to Marshall Islands during teeth 
exlractirn1 or to other laboratories 

c) Expenses to be incurrC!d [or the autoradiography 
d) Use of equipment and personnel assistance from SEPD/Medical 

Side Ca.i.ns of F. 'l'. Cua's Eesearch Proposal: 

a) The effect of the dc~nlal program on the retention of Sr and Pu in these 
teeth samples can be '.jtudied. 

b) 90sr, 241Am (if present) activity concentration and 90sr autoradiograph 

Cdn be obtainl!d from the M.I. samples analyzed for Pu. 
c) 90sr teeth results can be compared to corresponding 90sr bioassay result 

(if urine sam1Jl.es are obtained from people whose teeth are extracted). 
Unlike 239pu, YOsr are easily detected in the M.I. urine samples (see 
report by F. 'l'. Cua lo 'l'on~y Mccraw). 

d) If animal teeth sample and bone data can be obtained, the whole proposal 
C<ln be applied to 90sr. 

F'l'C/slg 

Distrib. 

I<. Conard 
'I'. Greenhouse 

I\. llu lJ 
K. Knudsen 

c. Me inhold 
J. Naidu ,_./" 

II. l' ra LL 

500Cj5b2 



All DEN lllJM 

l.l) Hi1ii111u111 Uet.:c:l;dilL· J.,:vc:I l'c1i· Urine (LASL procedure): 

10 fCi/l iLL'I. ;11 'J'i/'.'. c:o11fidence limit:.; 

1.:.;.rn g e 0 r I J 11 i 1 l 11 r i 1 ll.'. I r l) Ill 13 i kin i I s la 11 d s ( EM L p r 0 c e rJ u r l: ) ; 

l - 1 (l f C i / I it ,. 1· 

*EML l1as ct·:1sed i L;; l'u ;111alysis operations since 

Plutonium conce11Lr<1t io11 i.n Rongelap/Utirlk Islands: teeth samples (initiul 
Jata): 

Utirik 

tooth weight l>etween l and 2 gms 

1851167 £Ci/gm 

2071198 £Ci/gm 

llefinitely delectable using the BNL procedure. 

Note: Blkini/Rongelap or Utirlk ratio for Pu in urine is comparable (EML data) 
however, llikilli/Rongclap Pu in soil is at least 4X and Bikini/Utirik 
Pu in sod i.s 20X. 

2) Assumptions th<1t l1ave to be made in solving for the Pu body burden from 
excretion data 

a. 
b. 

ICRP lOA excret i2119model holds for Marshallese 
Olstribution of · l'u in man model (s(:c attached) is applicable 

3) Tile average error of 251.: expressed in I. lZationale l(b) needs to be corrected. 

FJ'J 
LASL accuracy for l'u determination in uriue is 100% 

precision is 110;, 

chemical t·ecovery r<1t1ges 41 - 46% 

2L1 hour urine s;i111pll'. [or reference adult man - J..11 l/day 

Some sampl.es ure a.s low as 340 ml/day which amounls to 76% error. An 
average of B90 rnl /d<1y results ln 36% error. The error then averages 
116% and Cdll i>c· il:; l1igh as ll6;~ as long as the chemical recovery factor 
i~; knDwn <1t:c11r<ilc:l.y and no other sy~tcmic error come to play. A 
,:uncruJ ur i1H: pc()grilm to scrL:en 11011-211 hour sarnp.lc:s shou.Ld decrc·ase 
Li1L: l'fTOC t:o11;;idl't-<Ji>ly. 



4) The assunq>L iu11 l '1<1t hiloi Lo be n1<1de for Lhc teeth experime11t is needed in 
t l\t_: exl rapt)L..!L iun l rom ani111al data, e . 1;., di st r ibul ion of Pu in teeth 

sa11Lples of animills · dlsLrlbutio11 of l'u .111 Leech samples of humans. 

5) Calcula Li on::; Lu ::;lio1-i p l.aus J b 11 i. l y of .:.iu tou.1d lo gr a phy on the MI samples: 

Tooth 
specific gravity: 
we.ight; 1 g111 

( lClZP 23 Refert.!nc e Man) : 
J 

2.09 g/cm 

average activity concentration: 200 fCi/gm 
3 3 

200 [Ci/gm x 2.09 g/cm x l gm= 418 fCi/cm 

let l sl Lee lie .LO pm 

418 fCi/cm
3 

x 10 pm x 10-
4 

cm/pm 

Since A = :>-N 

A/,\ = N 

2 
_:_900928 dpm/cm 
0. 693 N 
24~60 x 5.2Sxl0j min 

7 2 
1.71 x 10 atoms= N in l cm 

2 
0.418 fCi/cm 

0.000928 dpm/cm
2 

Note: 1 in a million Pu. emits lu/wk 
One week: 17.l a tracks/cru2 ~etectablaj 

Possible interference from other a emitters: Uranium to Plutonium ratio 
l to 100; Thorium to Plutonium l to 30, however, the Th a's are much lower 
in energy. 
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TA3LE I 

A Slil'fHi\RY OF THE NUHBE?.S OF rlA~i'.ZSHALLESE Mm u. s. SERVICEX;::N m; THE ATOLLS E/\ST OF El;GNI 
l·iHO WE:RE EXPOSED TO fALLOU"i.' rnm1 THE: IEST ''BRAVO" ON H1\.RCH 1, 1954 (2) 

Number of People 
in Gr-oujJ 

1. Rongelap - 64 

2. Ailinginae*- 18 

3. Rongerik - 28 
U. S. Servicemen 

4 Utirik - 157 

Time of Commencement 
of Fallo~t 

Hrs. 

H +4-6 

H +4-6 

11 +6. s 

H +22 

Time of 
Evo.c.1ation 

l.lrs. 

H +so 
(16 p2ople) 

H +51 
(48 people) 

H +58 

H +28. 5 
(8 me~,) 

H +34 
(20 fi"'ien) 

Started H +55 
Cornple ted H+7 8 

Est. Total r 
Air Dose 

Roen t~_c:ns 

17 5 

69 

78 

14 

* The people in the Ailinginae group were Rongelapese who happened to be fishing on Ailinginae at 
the time of exposure. 
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T~ial of tl<Je Centu'4y? 
TME laIEI?ULSKVlE 
CH.UCAG3 DRA.M:A 

Jon R. Waltz 

Our RCJ.daoactive Wards 
NO ~NE ~'VAR.NED 

THUS IY.IE:CHOI''1JS§iAN§ 
Roger W. Gale 
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