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Introduction 

Calibration o f  x-ray counters for the assessment of plutonium in lungs - -  

i s  notoriously difficult, and the diverse approaches to the problem adopted 

by various laboratories have led to widely differing assessments o f  the 

sensitivity of essentially similar equipment. (l) The calibration o f  our 
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own equipment is based on measurements made using the LLNL rea 

phantom. However, one question that must be answered is how c 

phantom simulates plutonium -- in vivo. 

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

- v i v o  experiment in conjunction with LLNL, ANL and BNWL to verify the LLNL 

realistic phantom using volunteers that have inhaled a known amount of 

92mNb. A t  the completion o f  the experiment we hope to show that the 

phantom i s  an acceptable substitute for -.c_ in vivo experiments; that is, that 

it is indeed a'realistic plutonium lung counter calibration phantom. 

successful completion of this project will allow LLNL to take steps to 

establish the LLNL phantom as the Free World's standard phantom. 
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Proposed Exper irnents 

We propose that volunteers should inhale by mouth 5-prn polystyrene 

particles labeled with 92%b (half-life 10 days). '*%b decays by 

electron capture, with consequent emission of 15.8 keV Zr K x-rays. 

these x-rays are similar in energy to those associated with plutonium (17 

keV), 92mNb is a practical plutonium simulant for -- in vivo studies. It 

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

whole-body counting. Thus, the activity retained in the lungs can be 

Since 

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

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

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

lungs). 

'*%b can be made free of  detectable radioactive impurities, with the 

variable-energy cyclotron at Harwell. Mr. R. Fleming of Harwell has 

developed a method of incorporating the activity into polystyrene and has 

successfully produced 5-pm monodisperse particles. He has also studied 

the rate at which activity may be leached from those particles in normal 

saline and in 0.1 M HC1; in both cases only -0.1% of the 92mNb was 

removed over a period of 30 days. We would not therefore expect 

appreciable systemic uptake of 9ZrnNb, either from particles .retained in 

the lungs, or from particles passing through the gut after early ciliary 

clearance. 

It is proposed to employ up to seven subjects, if they are available. 

We would probably need to deposit typically 0.5 pCi 92rnNb in those 

regions of the lung from which clearance o f  5-pm polystyrene particles is 

slow (>-lo0 days half life). It is likely that in small subjects, for 
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whom the x-ray attenuation would be relatively slight, a smaller quantity 

would suffice; conversely, for large individuals it might be necessary to 

increase the amount to 1 pCi. More reliable estimates of the amounts 

necessary will be obtained from a pcelirninary experiment with' a small 

subject, employing -0.1 pCi. Since the inhalations are carried out in 

stages, we will count the subject at each stage to insure that the total 

quantity inhaled has not exceeded 1 WCi. 

when it i s  determined that the subject has inhaled 1 pCi. 

The inhalations will be stopped 
4 

.. . Dose Commitment 

The dose commitment to the lungs from 1 pCi 92%b, declining only 

by radioactive decay, would be 42 mrem. Experience suggests that, to 

achieve an alveolar deposit o f  1 VCi, it might be necessary to deposit as 

much as 3 pCi (combined deposits in laryngeal, tracheo-bronchial and 

pulmonary regions) in the subject. The estimated dose to the lower large 

intestine, resulting from rapid clearance of the "excess" 2 pCi via the 

GI tract, is 20 mrem. An independent calculation by Bill King of the dose 

committment based on ICRP 26 gives a lung dose of 123 mrem and a GI dose of 

12.6 mrem. _- 

Mass of Polvstvrene to be Tnhaled 

Because of- the low specific activity of the 92%b available to us, 

the mass of polystyrene associated with 1 UCi would be -300 pg. 

would be somewhat larger than in previous experiments with labeled 

polystyrene particles. 

Harwell ' s  Tracer and Irradiation Studies Approval Comnittee (TISAC) and the 

This 

The toxicity of polystyrene has been considered by 
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conclusion (TISAC (70) Mi) was that there were no grounds for "concern 

about the effects of tens of micrograms of polystyrene used in the 

inhalation experiments at AERE." In their October 8, 1979 meeting they 

agreed that the use of polystyrene microspheres in lung burdens of up-to 

300 v g  did not constitute a hazard to volunteer subjects.. 

Inhalations 

The second inhalation was carried out in August 1980. The results we 

obtained from this part of the study proved that we could see "%b in-a - 
larger individual (chest wall thickness = 3.1 cm) and that '%b can be 

used as a plutonium simulant to aid in the verification of the "realistic" 

phantom. The third subject who is flrom ANL was at LLNL for counting on 

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

approval of the Harwell Committee for this study and therefore, they are 

allowing Or. Richard Toohey to participate in the study. Or. Toohey's trip 

report states that he feels there is a need for each Laboratory to have a 

person to count on a regular basis until the '%b has decayed to the . 

background level. The necessity for this will be discussed in the section 

on Need for e Further Inhalation Experiments. 

As requested, we have attached the data analysis for the subjects we 

have already counted. (See Figure 1.). 

Vo 1 unteers 

We propose that and -from LLNL 

Hazards Control department be allowed to participate as volunteers in this 

experiment. These two individuals have a long-standing interest in 
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plutonium lung counting and the benefit of having the phantom verified as a 

realistic calibration standard far outweighs any risk that may be' 

involved. The volunteers would travel to AERE Harwell for the inhalation 

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

- 
Need for Further Inhalation Experiments 

We feel that three points do not provide us with enough data to draw a 

statistically si(nif icant comparison between the phantom data and the human 

inhalation data. 

tends to support this concept. This figure shows large differences in 

efficiency for subjects PK and KFB for similar chest-wall thicknesses. 

Somasundaram goes on to suggest that this is not due to differences in 

particle site or exposure technique, but to inter-subject variables other 

than chest-wall thickness. 

The variation in the lo3Pd data as shown in Figure 2b 

2 

The scatter of 16-17 keV subject efficiencies about predicted 

efficiencies from the phantom i s  potentially greater than the scatter that 

i s  shown for 20 keV in Figure 2, because any variable affecting the 

attenuation of the 20-23 keV X-rays from lo3Pd must have a far greater 

affect on the attenuation of low energy X-rays such as those from 92mNb 

or plutonium. We consider it important to assess the above, and this , 

requires more than three subjects. 

The scatter of the data shown in Figure 1 appears to be small; however 

2 

it should be noted that in Figure 2b the 4th and 5th subjects are the ones 

furthest from the cruve. This again supports the need for further 

inhalations. e 

3 1 2 2 1 2 0  
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Another major reason for having LLNL subjects participate in this study 

i s  that we would be able to count them on a routine schedule until the 

92mNb has decayed into the background. This will allow us to compare our 

calculated minimum detectable activity (MDA) with actual counting data and 

thus verify our MOA. 

techniques and MDA will give us verified data to give the press and the 

public should we need to count members of the public after an off-site 

release. We are sure you will agree that this last item is of extreme 

The verification of our phan_tom, measurement 

4 

importance to the Laboratory's Health & Safety Program. &@/& G. W .  CamDbell, Leader 

i i ' Dosimetry Group 
Hazards Control Department 

GWC : g w  
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I)?. Rae established thzt the specific activity of the cacbniuv would be approx- 
b t e l y  100 pCi& result irg i n  a! acceptable b d y  intzke of only a few microgarr's- 
Dr. Stott f e l t  t h a t  the use of a radionuclide i n  such an experirlll-nt only demonstrated 
the short-term effect of uptake, whereas for W F  to  accurttely estiiiate tine r i s k  B 
long-term balznce was required. 
d;ht b s  obtained by.using voluriteers who regularly consusle crab mezt rather than 
control subjects. 
investigation of ways t o  improve the zssessment of c a a d m  i n  excreta would be 
beneficial. 
necessary funding for such an undertdcix and indicated t h a t  conflicting evidence 
existed over the relationships betwsen body burden ana the  relative differences 
between the  excretion pathLays. Ho;Jever, D r .  Mole f e l t  that i n  vieK of tho  large 
nmbor of f x t o r s  involvecj, such a srzll experiment would not provide sufficient 
knef ic ia l  infomGtion when bclvlcea winst the possible dose comitment. 

PI.  Pritchard indicated that more real is t ic  results 

D r .  Mole wzs concerned about the dose com,iL!ent and f e l t  that  in 
.. 

G r .  Chamberlzin f e l t  thzt  M.UF might not be prepared to  provide the 

. .  .. _. . . .. . .  . .  _ .  . .  
5. 

Dr. '3exton b 2 . g ~ ~  by stressing the cic'iculties encomLered is zhe a~sessneX. of 
piutonlm i n  the lung due t o  the lo;: energy of the e r i t t e e  X-rzys end c0nsequer.t 
attentation i n  the body. ' A t  present E z r w ~ l l ~ s  e q u i p x x  is czlibrated fro3 ms=surE- 
mrnts  of h o m ~  quaitities of 103Pd i n  volunteers (TISAC(72)!-2). 
difference i n  X-rzy energy between 1G3F0 (Gverage 23 ::e\:) zn5 pliltcjni~x7. (zverzg? 
77 keV) mems :!-et ritber;.zLicd corrections for t h s  aifrering ztterxztio?! by t ; 7E  
c k s t  ua11 mdst be rriiCie. 
are reasombly eccuate  under these cmcitions,  but tkt there is  t need LG be 
re-2ssred suc.3 calibratiom are 2s accurate i n  tbe hLTzri case. It  %as therefore 
pr~posod t o  use. 5iK:b { h+lf - l i fe  10 d , 3 .  C. , 7 5.5 keV $ ; ?a3c,lleZ pdyrtyrexf 
~icros?neres of 5 ,CY aiuneter toszof.uce -.z-pd.>l.~~o,?_s_hi; --- ._ ~-~ k z c e z ~  ---.-.--.. cm!r;i _.------ r z t e  end cblcst .-- 

" 1-b Cd"hl!?eZ in t;7e XC?k with . 1 V J X .  
. v21 .- thickness (CY.?). 'ihis would 5s 2nelogous ts ti.=' 
Tras z cozpzr~son of the rz t io  OC the t w s ,  aszir! 2s s. 5.mctior: af ZZ, uith Cnzt 
ex2ected f roa the mth-eraticzl model, couid be mde (PISAC ( 7 4 )  i ) . 
Up to  seven subjects w m l d  be used, xiti7 a! i n i t i a l  zlveokr burder. of approxjxately 
0.5 pCI, t h i s  qurntity beips srzlle- for subjects w i t h  2 t h in  cnest wzll znd larger, 
uc t o  1 NCI,  for 12rge subjects. 
necesscy t o  deposit up t o  3 pCi i n  30tz1, resEltiag i n  E dcse coxnitneni; t o  t h e  
lmgs of 42rr3.71, a d  that t o  t;hE loier lerge intestifit of 2Cmon. 

Dr.  I-Solz bas re-aswed by D r .  I?ewtorr th2t there w=,s no Pare satisfactory isotope 
f'cr these purpases. 

!:?OPOSP.!! FOi? TIE ZNX4LP.TIOn: 07 Eb-92m L A 3 f L m  ?AZTZCLZS 
. .  . .  . . , .  . .  . .  

Hmever,. the 

biork with ph=,nto.ns h2.s s h s ~  thz: 2-15 ccrrected cElibrztio?s 

- --.: -. - - _-_ -_. - - -_ 

To acnieve th i s  zlv?~Azr b ~ x k r :  it right De 

+P.i.thou>! tine esthzted lung bwden of polystyrene of 303 pg, ~ 2 s  larger than t h a t  
Nusr-d i n  previous experbznts, D r .  Iiedton f e l t  thzt the B x i s  ?or the decision of 
~ t h c  co=nittse on the toxicity of polystyrene bzs still vzlid; TLSX(70)MI s tz tes  
~ t h t  there were nc gramds for 'lconceri'l about the effects or  tens cf ncicrosrmnes 
~ n f  n n l v - z L ~ r - . ~ ~ , ~ .  qv-r,rl ;.> inh?l-,tinn n v n m r i m n n t c  1' 
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hx.~ bL..de,% cf u; t o  303 

- %e C O W T T 2 3  agreed that the use of Dolvstvrene microsDheres i n  
did not copstitute E haz2rC to  v@lu!-,eer subjects 

6.  

I+!. Ae21-d b e w  by describing the a b s  of the s t u d y  t?d  the results achieved to  drte. 
k!itkLn 48 hows of in&t&e, 55;; of inorgznic lead ray  be found attached to red blcod 
CEIIS, but thi: fa ts  of the remainder is diff icul t  t o  &certain. Sone concentraticn 
of mrr-blo3d Jead occurs i n  the l iver ,  but bono is considered the mjor long-tern 
store. %e purposc of t h i s  s tudy  is t o  ascertain i f  bone is an early store as well 
a 5  F f  so, the speed of uptake. 

F3c),"OSNS FOE T E  MTEXSION OF STUDIES ON THE U?TAXE OF LEAD BY BONE 
0 

*. 

. .  

CXciL", WES 21so csed in t h i s  s t u d y  for cross-calibrztion checks. However, wnzrets 
kat', shoxfd 2 stez3y increzse when expressed as the corrected fraction i n  the fmc, 
s-?5 3 e . n ~ ~  tho skeleton, of the whole body content, cdciurn shotred 2 decline. 
evidznce that calcium behaves differently is tkt the celcim mozsvreznts tencie5 t o  
r "o l l~2  sbKiot;'l curves wnere the sca t te r  on lead meswements wzs greatly i n  excess o r  
cC&:=i?~ errors; 
&3ifict?lz .storqs sit$ but changes w i t h  tirne have n3t y e t  been established 

Fur ths r  

Longitudinal sc- of the body indicated thar: the liverwasalso 2 

(szs.~.c: 75 13 ) . \ 

Kidney 76 men: 
Liver 21 mea 

1.lhok bo5y equivdent 3 n-sz 

.-. rs.. EetrG Fointed out that  idthough a l o t  of work h2s been done cn the upt2ke of 
lcad viz inhaktioz, injection and iwest ion,  the 12rgf nm5er of factors i n f l u i n f i r ! !  

3; 1 ~ z f  b:; ingesticn. 
veSG-5les a u r i s  the cooking process an5 studies a t  F ~ % ~ e l l  ind ica te  that t h i s  co,l5 
b2 ecuivzlerrt t=, a dai ly  intake in the range of 20-13 E .  

t3i \.:=-P -) nan :..--?le cook a 6  eat hzs l e f t  12rge p ? s  i n  the  understanciin- or  the metz5clisx 
Recent work h2s snoxa t he  tendzgcy of lead t o  a5sorb onto 

\-!ark a t  the Mster Res?axh 
Cc-- .-a 

-.&L- - h s s  wccr.;ercrl n a r  routes by which lcad m y  becom dissolvzd i n  t a p x t c r .  _ _  .. _..--.-- --. - _ _  
~ 1 n n I O m  
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