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I ntroduct i on 

Calibration of x-ray counters for the assessment of plutonium i n  lungs 

is notoriously d i f f i c u l t ,  and the diverse approaches t o  the problem adopted 

by various laboratories have led to  widely di i fer ing assessments of the 

sens i t iv i ty  o f  essentially similar equipment. 

own equipment is based on measurements made us ing  the LLNL r ea l i s t i c  chest 

The calibration of our 

phantom. 

phantom simulates plutonium i n  vivo. 

However, one question that must be answered is how closely the 

Or. Donald Newton of AERE Harwell, has proposed an IAEA-sponsored - i n  

- vivo experiment i n  conjunction w i t h  LLNL, ANL and BNWL t o  verify the LLNL 

r e a l i s t i c  phantom u s i n g  volunteers that  have inhaled a known amount of 

92mNb. A t  the completion o f  the experiment we hope t o  show t h a t  the 
c 

phantom is an acceptable substi tute fo r  -- i n  vivo experiments; that  is, tha t  

i t  is indeed- a r ea l i s t i c  plutonium l u n g  counter calibration phantom. 

successful completion o f  t h i s  project will allow LLNL t o  take steps t o  

establish the LLNL phantom as the Free World's standard phantom. 

The 
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Proposed Experiments 

We propose t h a t  volunteers should inhale by mouth  5- m polystyrene - .  

particles labeled w i t h  92mNb (half- l i fe  10 days). 92mNb .. decays by 

electron capture, w i t h  consequent emission of 15.8 keV Zr K x-rays. Since 

these x-rays are similar i n  energy to  those associated w i t h  plutonium (17 

keV), 92mNb is a practical p lu ton ium simulant fo r  -- i n  v i v o  studies. I t  

also emits abundant 934-keV gama rays which are readily detectable by 

whole-body counting. Thus,  the act ivi ty  retained i n  the l u n g s  can be 

determined independently of x-ray counting, and the subjects can be used t o  

calibrate our-x-ray detectors for a 15.8 keV photon emitter; i.e., t o  

indicate values of ENb (where ENb = counts per Zr K x-ray emitted in 

l u n g s ) .  

- 

e + f I 

92mNb can. be made f ree  of detectable radioactive impurities, w i t h  the 

variable-energy cyclotron a t  Harwell. Mr. R. Fleming of Harwell has 

developed a method of incorporating the act ivi ty  into polystyrene and has 

successfully produced 5- m monodisperse particles.  He has also studied the 

ra te  at which ac t iv i ty  may be leached from those particles i n  normal saline 

and i n  0.1 M-iiCl; i n  bo th  cases only 40.1% of the 92mNb was removed over 

a period of 30 days. We would not therefore expect appreciable systemic 

uptake of 92mNb, ei ther from particles retained i n  the l u n g s ,  or from 

particles paising t h r o u g h  the gut  after early c i l i a ry  clearance. 



e. . L. 

. . .  ' 
LLNL Human Use Comnittee October 17, 1980 

I t  is proposed t o  employ up t o  seven subjects, if they are available. 

We would probably need t o  deposit typically 0.5 pCi 92mNb i n  those 

regions of the l u n g  from which clearance of 5-pm polystyrene particles is 

slow (>-lo0 days half l i f e ) .  I t  is l ikely that  in'.small subjects, for  

whom the x-ray attenuation would be relat ively s l i g h t ,  a smaller quantity 

would suffice; conversely, for  large individuals i t  m i g h t  be necessary t o  

increase the amount t o  1. pCi. More rel iable  estimates of the amounts 

necessary will be obtained from a preliminary experiment w i t h  a small 

subject, employing 0.1 pCi. 

t i  Dose Commitment ,' 

The dose commitment t o  the lungs from 1 gCi 92mNb, declining only by 

radioactive decay, would be 42 mrem. 

an alveolar deposit of  1 pCi, i t  migh t  be necessary t o  deposit as much as 

3 pCi (combined deposits i n  1 aryngeal , tracheo-bronchi a1 and pulmonary 

regions) i n  the subject. 

Experience suggests tha t ,  t o  achieve 

The estimated dose t o  the 'lower large intestine,  

resulting from r a p i d  clearance of the "excesstt 2 pCi via the GI t rac t ,  i s  

20 rnrem. 
c 

Mass of Polystyrene t o  be Inhaled 

Because of the law specific act ivi ty  of the 92mNb available to  us, 

the mass of polystyrene associated w i t h  1 pCi would be -300 pg. 

be somewhat larger than i n  previous experiments w i t h  labeled polystyrene 

particles.  The toxicity of  polystyrene has been considered by Harwell's 

Tracer and Irradi a t i  on Studies Approval Comi t t e e  (TISAC) and the 

T h i s  would 
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conclusion (TISAC (70) M1) was t h a t  there  were no grounds fo r  "concern 

about the effects of tens of micrograms of polystyrene used i n  the 

inhalation experiments a t  AERE." 

agreed tha t  the use of polystyrene microspheres i n  l u n g  burdens of up t o  

300 pg d i d  not const i tute  a hazard t o  volunteer subjects. 

In t h e i r  October 8 ,  1979 meeting they 

Inhal a t i  ons 

The f i r s t  inhalation was carried out in A u g u s t  1980. The results we 

obtained from this part of the study proved that  we could see 92mNb i n  a 

larger individual (chest wall thickness = 3.1 cm) and tha t  92mNb can be 

used as a plutonium simulant t o  aid i n  the ver i f icat ion of the V e a l i s t i c "  

phantom. The second subject who is from ANL wll be a t  LLNL f o r  counting on 

December 8, 9 and 10, 1980. The ANL Human Use Committee accepted the  

approval o f  the Harwell Comnittee for t h i s  s tudy and therefore, they are 

11 

! 

a1 1 wihg I$ par t ic ipa te  i n  the study. 

Volunteers 

We propose tha t  an d from LLNL 

Hazards Control Department be allowed t o  par t ic ipate  as volunteers i n  th i s  

experiment. These two individuals have a long-standing in te res t  i n  

plutonim l u n g  counting and the benefit  of having the phantom verified as a 
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r e a l i s t i c  calibration standard f a r  outweighs any risk tha t  may be 

involved. The volunteers would t ravel  t o  AERE Harwell f o r  the inhalation 

and then return t o  the United States  t o  be counted by LLNL, ANL and BNWL. 

(yid*Q-&M G. W .  Campbell , Leader 

GWC: gw 

.. Reference - 

Dosimetry Group 
Hazards Control Department 

1. 0. Newton et a l ,  "Interlaboratory comparison of Techniques for  
Measuring Lung Burdens of Low Energy Photon Emitters," Health Physics - 34, 573 (1978). 
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Mr. N.C. Stewart (chainnzn 1 Environrental & Medica Sciences Division 
Dr .  R.H. Mole 
Dr. S. Pae Kational Radiologic21 Protection B o w d  ... 

* D r .  A.N.B. Stott Environmentzl & Uediczl Sciences Division - 

Mr. M. 3.  He& -- 

- 
e. - .- 
L .. -- .- - 
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D r .  A.C. Chamberlain - 
-: 

-. - .  - -. - Mr. D. Newton 
- 
e.. 

,Yr. J.N.  Pritchard(Acting Secretary) 
- .- -- -- - .  - - - ... --. - .. -. - 1. EGISLATIOid FO2 TIE ~ ~ I S T ? ~ i I C I ~  GF R!3ICACTIVE SE?STMKZS TO HUMANS 
d -- - I n  order t o  coxply w i t h  a recent ciirection frox the,ES on the use of ionlsing -. - ._ rzdiztion [Article 5(a) of Directive 76/579/Ewztoz1), the Governqent hzs introduced .. 

legislation to cover tine administrztion of mdioactive subs&tances to  humns for purposes -: 
of diGnosis, therzpy or resewct;, To zssist i n  the implenentetior~ of t h i s  - 
legislation, the Administration of Fadiosctive Substances kaviso.-)) Cormittee (k?SkCl 
hts jeen appointed. The Cnaiman welconed Dr. J.C.!.. Pzison, c member of M S A C  
who tad been invited to  describe the ner leEislatio!i and the =mer i n  whicn it  
would affect  proposals put before TISAC. 

- *  -- D r .  bison be@, by exphini.rg the der'initio?! usee i n  the regulations , pointi.,- out 
thrt a "radioactive medicinzl proci~ct~' covered sezled sources (except nuc lw-  
poxred cardiac pacemakers), unseeled SO'JXCS (including radioactive aerosols i n  
this categcry) a d  i r rad ia t ion inducedac t iv i ty ,  except where t h i s  is a by-product of 
treatmtnt. However, mturzlly occurrirg radioactivity does not require authorisation. 

stated fom to XI  indiczted group of people. Such E certif iczte mag be obtained by 
c m p l e t i q  the attached application fora a d  fonrrding it t o  t h e  Department of 
Hezlth and Socizl Security, whence it is circulated to members of ARSAC who then 
d e  their  reconnendations t o  the Pinister. Should a cer t i f icate  be refused or 
rsvoked, a system of appezl exists t o  the Ninister or t o  the Cononittee on kdiation 
rrom 3acioac:ive k d k i m l  h-oducts ( C Z ! G ) .  Certificates are only issued to 2 
medic21 doctor or dentist, &thou&? he does not have to  be persondly involved, 
work r a y  proceed under h i s  direction. The certificate holder does not even have 
to be present a l tho rn  " in  the case of long absences, or of the appointment beiri  
vacated11, a new certificate holder must be arranged. 

D r .  h i s o n  indicated that m A C  is not prima-ily concerned wi th  the ethics of the 
experiment znd tbt u l t i m t c  approval for the work still l i e s  uith the local 
ethical c o k t t e e ,  even when a certificate has been g ra t ed  (see paragraphs 53-55 
of the attached "N3tes fol- Cuidulce.. . . I t ) .  

the approval of the 10~21 c d t t e e  before rakiw a positive reconmendation to  the 
Minister. Guidelines for t h e  performance of an eLhicz1 c d t t e e  are laid dovn 
i n  5upe rv i s ion  of the Ethics of Clinical Research Investigztions and Foetal Resezch" 
D?SS, HSC(1.S) 153, althaagh Dr. &ison w 2 s  not clear how closely TISAC confc-msd _ _ _  

--- 
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-.. -- - 
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-- -. Such agthorisation t&es the f o n  of a certificate issued. by a Pinister empxering 

the administratiorr of a spc i f i ed  quantity of radioisotope or isotopes i n  a .. . 
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r ~ r c ~ . = n ~ ~ ~ l c ? ~  ;-or an  ethi@l c o m t t e e  zn2 reoort t o  the -CO!+ETTES. 

&. ?&CG finzlly drew attention to the Wotes for Guidznce.. . :It concerning research 
. 3r:jeczs ( + r q 2 p ? s  48-52) with particular reference t o  the minimum volunteer sge 

of i s  e x c q t  mcer specizl circumstances, the consefit of the subject and the dose 
cc.=.itz,znt. 

s:zt=c  EL E S A C  were empowered to  grant approval of UF t o  50 m3m whole body dose 
ec, ivzlent,  xicn single or- dase equivalent of up t o  250 r e m  (HMC 76(19)9,- 
73.42(3);-2). 
2. L?J;. %5iol. i( P ,4 ( 7 97 j ) 1 and are within the lowest dose category, equivalent 
t c  E kvzl of r i s k  w i t h i n  variztions of naturzl brckgound radiation. 

;--.~iiz 11 - 7he Ca-YJEZE thanked Dr. Ealson for h i s  oresentztion. 

I- . .- 1 . 
e. 

.. 

Ihses are cztegorised into < 5 C r r m ,  CjOO r m m  and 4 Ern equivalent 
& L-A 305y doss, with the individual o r e n  dose equivalents also stated. The C h a i r n n  

Tnese figures were based on then current views (wHO/Ri-€L/73.1, - -  

. -  
st:.-- 

2. F 3 T u . E S  OF X ELEVEhTM m I N G  OF Ti fZACEZ !X3 13I?uIDL4TIOI~ STUDIES 
z.---~~k-=L- F---'r rCX-IITEE (TISAC(78)MI 1 

v-w-- -- .,.u':L ILL - 'he C(X4XTSE acceotej the rinstes 

- 
2. 

-2r. a z - k r l z i n  iRfo.med the Coxnittee th2.t the 1ett2y to Mi'U3E. on the te t ra  ethyl 

i rs tezf ,  sGSsequently q p e z e d  i n  the Proceedings OF *'H~,avq'Y~tzls i n  the 

Y-xE..! L=JsI?!G mu4 m zL.EEi\T3 ExI:S's 

Z.K~ zE:rz ::e~i...~? lead work LES not considered ot s u f ~ i c i e n t  general. interest  arid 

z ~ ~ r c . z e r ~ ' *  { L;dA College, Septernjer 1975 ) . 
. .  
- .  

2. Chz~3erlziri stztec that there were two possible E E ~ ~ O ~ S  of approach t o  t h i s  -...- *. &ie= [ TISAC (79 12 I-: - 
E :  xnsls jociy e r a  mezsurement a t  5 days anf l o ~ z e r  af ter  ingestion, measwements 

of ipgeste.', dose and urirw 2nd fzeczl excreticr. erzbling 2 klance to  be strirck . 

L, - 1  - ,"-:E or GZTZ i~easurenent of ingested dose, urifie ani fzeces to  give retention 
..e-, by ciAiereace. . - zr. Ck.- . -krkin f e l t  that zlthougb method (b) invd\reS 1o;ler activity levels, it 

xcA.5 requirs co?sider2ble rrznpower and would have 1 ~ r g z  inhsrent errors i f  the 
r~:nc.tkx were srd.1. 
!%l'-IFfe 43d, iWhp, 1 . T A X  1. Pn i n i t i d  a&ziri.istrstion to  two subjects of 
Ci.5 .ILL w x 1 6  ZCL- w i th  a possible repeat a t  a dose of 2 yCi if the counting 
stz:Is=ics were poor. 
crLy s z ~ i s f . j  the requirements of WFF,  but woxld provide useful additional data on 
tt.5 3 G > 5 : w i n r -  excreticn:faecal excretion rztios, r n  area where l i t t l e  infomation 

cf Z;'L&E of c z k h n  i n  order to esti.nzte the radhtioq.'dose t o  the volunteer. 
Lr.  I:a..xcn tssisted Dr. Chzrrberlain by presenting 
ccrrr rsr 2 rxGe of upe&es, also indicating the exptrizental uncertainties. 

It LZS therefore propcsed to usc rnzthod (a) wi th  Cadrr!iu!-ll~x 

Dr. Chaberlai.? pointed out t k t  such an experiment would not 

-- < =  c z r e z t l y  zvzilable. Due t o  this ,  however, uncertzlnty exists as to  the degree 

table of eqiivzlent whole-body 
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Dr. Rae established that the s p e c i f i c  a c t i v i t y  of the-cadmiui would be approx- 
k t e l y  100 pCi/mg r e su l t i ng  i n  z! acceptable body intake of only a few m i c r o g m s .  
Dr. St0t.t felt tha t  t h e  use of a radionuclide i n  such an experiment only demonstrated 
the short-term effect of uptake, whereas for MAIT t o  accwz te ly  escixate the  r i s k  a 
long-term balvlce was required. 
might be obtained by-using volunteers who regularly consum crab meat rather than 
c w t r o l  subjects. 
investigation of ways t o  improve the assessment of cadrri,aT i n  excrete would be 
beneficial .  
necessary funding for such an undertaking and indiczted t h a t  conflictin& evidence 
existed over the relat ionships  between body burden ana the r e l a t i v e  differences 

-b&veen the  excretion pathways. However, Dr.  Mole f e l t  that in view of the large 
nmber of fac tors  involved, such a small experiment would not provide su f f i c i en t  
beneficial  informztion when bzlzqcea against the  possible dose comitment. 

YZJii IV - . The C M T T E  recomnded tha t ,  after c m s i l t 2 t i o n  with the  
k r w e l l  Biozssw Grouo, D r .  Cnmberlzin should mprozcii !JGiF i o  discuss the 

Mr. Pritchard indicated t h a t  more realist ic r e s u l t s  

Dr. Mole w2s concerned about the  dose cornitment and fe l t  that in 
.. 

Dr. Chamberl2in f e l t  thzt MVF might not be prepared t o  provide the  

pssi'zilivy of 2 full-scale project i n v o l v i x  the anzlysis of excreta 2nd @lo& .. 

. .  .- - .  
.5. F3OPOSALS FOi? THZ LNX4LATIOK OF 1.7j-92m LA3EIlL3 ? - : X i C L S  . .  . 

piu tonlm in the lung due to  the lo;: energy of t h e  er i t2ee X-r2ys and conseque~t  

. ? '  ' . . ... . . 2. . a  . .  . .. - - .  e. * . .  . .  
Dr. ' I i a ton  begz  by stressing the  .difficulties encockered is the assessnknt of. 

.atten\;atfon i n  the  body. 
mfnts of known g u n t i t i e s  of 1033d is volunteers (iISAC!i'2)!-2). 
difference i n  X-ray epcrgy between 1G3F0 (Werage 20 keY) &rid ~ l i l t o ~ r i ~ ~ ;  kverage 
17 keV) means t h a t  m t h e m z t i c d  correct ions for the dif'cring t t t enu t t io? !  by t k  
&est b 2 l l  m u s t  be rrzde. \.lark with ?hhnto.ns hzs shcxi~ thz: thr ccrrecteZ cz l ib r~ t io? .  

re-2ssur-ed suc.5 cglibratiom are 2s accwste i n  the hxriri~ c2se. It t;2s therelcore ' . 

pr3)osea to  use. SdT.?b ( h r l f - l i f e  10 d ,  r.. C. , 1 5.5 ke'? % i l a k l l e P  . pdys tyrens  
~ r ros?ne res ' o f  5 px diameter to protuce a relztioFsklz 3eciie)n cour,i rzte and chest . c- - . 

~ ~ 2 1  t?zickness (CiC). This would be zs~logous ts Cfizt ~btzin~i in xcrk sitti .~cJre. 
Tnus E comparison of the r a t i o  of the twc, agzin as E ?uxtios of E.?, v i t h  tn2 i  
expcted fro3 the m t h e r i t i c z l  modei, couid be r - d e  (?IS.X( 75 1 I ) . 

. .  

A t  present Hawell's equipz5nt is czl ibrated frw, mezisure- 
However,. the  

zrf rezsowbly accurate u n d s  these cmcitions, but t%t there  I s  E neee LG be . .  

- 

_- 

Up to  sever! subjects would be used, xit'n a!! i n i t i d  2'veolzr b~--dec of zpproxinately 
0.5pCi, t h i s  qurn t i ty  being smller for subjects with t t h i n  chest  ~ ~ l l  and larger, 
up t o  1 @Ci, fo r  k rge  subjects.  
nccesszry t o  deposit up t o  3 pCi i n  total ,  r e s d t i x g  in E acse comi tnen t  t o  the  
lwgs of 42r!rzrn, and- tha t  t o  the loier lzrge intest i f is  of 2rm%i. 

n io achieve t h i s  .zIv?c~kr btl-cior, it right be 

Dr. l-jole was re-zssured by Dr .  Newtorr t h a t  there  WGS no m r e  sa t l s r ac to ry  isotopz 
Z c r  t k s e  purposes. 

I<IIUiE V - The CO:?fIEEE aproved the  Droposed e x p s r h s n t s  in w5ich up t o  seven 
volmteers would receive a mximuq burden of 3 uCi of ~~7~Iib-lzDelled polystyrene 
r ~ c r o s s h e r e s  with 2 r e s u l t i q  rzxiiiiz dose comitmenS to the  l u x  oi' 42.wez and th? 
l w e r  1wgc intescine of 20iren 

EJthou& the e s t h t e d  lung burden of polystyrene of 303 pg, k'as l.zrge!- than t h a t  
used in previous experiments, Dr. Nedton felt  thzt t h e ' b E i s  LCOr the  decision of 
the co.&ttee on the tox ic i ty  of polystyrene was S t i l l  vz l i t . ;  TISAC(70)MI s k t e s  
t h t  there wrre no grounds for "concern about t h e  effects of tens of micrograrnrnes 

used i n  inhals t ion exprrimonts.. . '' - -  - --. 
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E!+LT= VI - me COMMI?TEE agreed that the use of polystyrene microsDheres i n  
1c~’ hrcens cf up t o  300 pg d i d  not; corrstitute a hzz2rG t o  volunteer subjects 

6 .  

I-?. JErrd b e e  by describing the air?! of the s tudy  a d  the results achieved t o  dzte. 
l!i?iti 46 hours of intake, 55% of inorganic lead r a y  be found attached t o  red  blood 
ce l l s ,  but the fate of the remainder is difficult  t o  =certain. Some concentraticn 
of ~aAAoc)d  Iezd occurs i n  the l iver ,  but bone is corsidered the  mjo r  long-ten 
store. The purpose of t h i s  s t u d y  is t o  ascertzin i f  bone is an e m l y  store 2s well 
~5 if so, the speed of uptake. 

‘ri3O?OSfU 0 FOZ ”E MTF;h’SIOIJ Oi STUDIES ON TITC UPTAKE OF LEAD BY BONE 

G ~ c ~ L ?  w z s  21so csed i n  t h i s  study for cross-csibration checks. However, w’nerets 
lead s’noxsd 2 stes3y increzse when expressed as th& corrected fraction i n  the foot, 
zzE nence the skeleton, of the whole body content, d c i u a  showed 2 decline. Furtbtr 
evidrnce ib t  calcium behzves differently is  that the s2lciuia measure!!ents tended t o  
roll32 s m t h  curves where the scatter on lead measu-ements was greatly i n  excess or  
cc&?zi?z errors; longitudinzl scms of the body indicated that tne l iver sizs also z 
gi ’?: e- -+. I L ~ C S - ’ ] ~  -storage s i t e  but changes w i t h  time have not ye t  been est2blished 
(SZS~:C{75)3). 

. .  

c 
2s ca?=rz the trends demonstrated and elucidzte th s  relz-live h p r t z n c e  of the liv2r 
E?.< ‘son5 2s storags organs, it was proposed t o  W e  ;r,ersEasnents extending over 2 
?ria< CIC t h ree  weeks, resultirg i n  z dcse increzse of 5. factor of IO. T~is would the:. 
-<;re z wkck b d y  equlvzlent dose of g!iyai of wkic!? 7 r r e s  trocld be accouqted for 5y 
z e  l i v e r  znd  k i o ~ e y  (21 mem a?d 76  me^ riimc orga dcses respct ively)  . It vzs 
tksrerore proposed t o  inject intravenouly 15 ~ C F  of 2*3?5~1~ to not sore thsn tn 

. s.;j jer-,s. 

Zcirg t;% d l s t i s i o n  thzt followed, the coxzLtcee agreed the: the benefits t o  be 
c----- ,,,,nzc -rex the experivent outweighel the dose c a r z i t ~ e n t  . 

I 

c 

c 

Kidney 76 men: 
Liver 21 mrem 

\%o10 body equivzlent 9 m-m 

7. ??OPaSwS TO STUDY T€E UPTA.!!E OF LSAD BY I1.!GZS”iOi: U;4DZS A VARIETY OF COi4’IlITiOz!S 

Fr.  HE-^ ?c)inted out that althou&h a l o t  of work h a  been done cn the up’de of 
leza -;iz h!!alztion, injection and ingestion, tho lzrge nmber of factors influenci?! 
dz i.:=,j* ?scple cook a d  eat hzis l e f t  large s ? s  -in the unders’bnding of the m5tzSoiisz 
of IC~Z 0:; ingesticn. Recent work hes snown t h 6  tendency of lead t o  a6sorb onto 
vegecz’sles duri- t k  cooking process ana s t u d i k s  a t  FkwellXndicate that th i s  c o ~ l 5  
bt equi\;zlerct t o  a daily intake i n  the range of 20-17o pg. \.!ark at the Water Resczrch 

. 

6. . - .  

c i t ~ ~  hzs cnco*Jered np;I routes by which lead r z y  becon2 dissolved i n  t2D;rzter. . 


