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Introduction 

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

is notoriously difficult, and the diverse approaches to the problem adopted 

by various laboratories have led to widely differing assessmerts of the 

sensitivity ‘of essent i a1 ly similar equipment. ( l )  The calibration of our 

own equipment is based on measurements made using the LLNL realistic chest 

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

phantom simulates plutonium in vivo. -- 
Or. Donald Newton of AERE Harwell, has proposed an IAEA-sponsored - in 

- vivo experiment in conjunction with LLNL, ANL and BNWL to verifythe LLNL 

realistic ph’antom using volunteers that have inhaled a known amount of 

92mNb. 

phantom is an acceptable substitute for -- in vivo experiments; that is, that 

At the completion of the experiment we hope to show that the 

it i s  indeed a realistic plutonium lung counter calibration phantom. The 

successful completion o f  this project will allow LLNL to take steps to 

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

University ot Caitornra L IAWRENCE 1-IVERMORE LABORATORY 
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Proposed Experiments 

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

particles labeled with 92%b (half-life 10 days). 

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. 

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). 

92'lub decays by 

Since 

Thus, the activity retained in the lungs can be 

92%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. 

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 ""Nb was 

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

appreciable systemic uptake of  92mNb, either from particles .retained in 

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

clearance. . 

He has also studied 

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

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

regions of the lung f r o m  which clearance of 5-pm polystyrenz particles i s  

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 preliminary 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 pCi. The inhalations will be stopped 

when it is determined that the subject has inhaled 1 pCi. 

Dose Commitment 

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

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

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

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

pulmonary regions) in the subject. 

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 o f  

12.6 mrem. - 

The estimated dose to the lower large 

Mass of Polystyrene to be Inhaled 

Because of the low specific activity of the 92mNb available to us, 

the mass o f  polystyrene associated with 1 pCi would be -300 pg. This 

would be somewhat larger than in previous experiments with labeled 

polystyrene particles. The toxicity o f  polystyrene has be& considered by 

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



LLNL Human Use Con :tee -4- January 29, 1981 

conclusion (TISAC (70) M1) was that there were no grounds for "concern 

about the effects of tens o f  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 o f  up to 

300 pg did not constitute a hazard to volunteer subjects. 

The 

obtaine 

1 arger 

used as 

phantom. The third subject who 

December 8, 9 and 10, 1980. The 

approval of the Harwell Committe 

Inhalations 

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

from this part o f  the study proved that we could see 92mNb in a 

ndividual (chest wall thickness = 3.1 cm) and that ""Nb can be 

a plutonium simulant to aid in the verification o f  the "realistic" 

s from ANL was at LLNL for,counting on 

ANL Human Use Committee accepted the 

for this study and therefore, they are 

allowing Dr. Richard Toohey to participate in the study. 

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 _- Further Inhalation Experiments. 

Dr. Toohey's trip 

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

have already counted. (See Figure 1.). 
PRIVACY ACT MATERIAL REMOVED 

Volunteers 

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 LLNC, ANL and BNWL. 

Need for Further Inhalation Experiments 

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

statistically significant comparison between the phantom data and the human 

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

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 size or exposure technique, but to inter-subject variables other 

than chest-wall thickness. 

2 

The scatter of 16-17 keV subject efficiencies about predicted 

efficiencies from the phantom is potentially greater .than the scatter that 

is 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. 

c 

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

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. 

f l 2 2 1 4 b  
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Another major reason f o r  hav ing  LLNL sub jec ts  p a r t i c i p a t e  i n  t h i s  s t u d y  

i s  t h a t  we would be a b l e  t o  count  them on a r o u t i n e  schedule u n t i l  t h e  

92mNb has decayed i n t o  t h e  background. T h i s  w i l l  a l l o w  us t o  compare ou r  

c a l c u l a t e d  minimum d e t e c t a b l e  a c t i v i t y  (MDA) w i t h  a c t u a l  coun t ing  da ta  and 

thus  v e r i f y  ou r  MDA. The v e r i f i c a t i o n  o f  our  phantom, measurement 

techniques and MDA w i l l  g i v e  us v e r i f i e d  da ta  t o  g i v e  t h e  press and t h e  

p u b l i c  should we need t o  count  members o f  t h e  p u b l i c  a f t e r  an o f f - s i t e  

re lease.  We are sure you w i l l  agree t h a t  t h i s  l a s t  i t e m  i s  o f  extreme 

importance t o  t h e  L a b o r a t o r y ' s  Hea l th  & Sa fe ty  Program. 

&@L+&y G. W. Campbell, Leader 

Dosimetry Group 
Hazards Con t ro l  Department 

GWC : gw 
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x : Experi-ent A 

0 : Experiment E$' 
' .  

. . . . . . . . p r e d i c t i o n  f r c n  L i v e r n o r e  ??s i toz  with  

muscle-equivalent  chest w a l l .  

p r e d i c t i o n  fron L i v e r o r e  pha3ton with 

chest wall i n c l u d i n g  a9i?oz?-tizsuz 

s u b s t i t u t e .  
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TRACER ANL, iRRADIATIOti STUD1Z.S APFROVAL C O T ! ? T E E  

Wnutes of the twelfth meeting hela on Monday, 8 t h  October, 1979 i n  
Eivironmental h Medical Sciences Division, E R E ,  Harwell. -- 

Mr. N.G. Stewzrt (Chairma) 
D r .  R.H. Mole 
D r .  S .  R2e 
D r .  J.C.A. Rzison 

Dr. A.C. Chzmberlain . 
W. M. J.  Hezrd 
M r .  D. Newton 
'Clr. J.N. Pritchard(Acting Secretary) 

. Dr. A . N . B .  Stot t  

Enviromental & Medicil Sciences Division 
Medical Rcsezrch Council Radiobiology Unit 
Kational j?adiolo&ical Protection Bawd 

Environventzl h Medics1 Sciences Division 
I I  11 I1 I 1  

11 II 11 

11 II II 

I1 II  t I  

I 1  I1 11 ' 

.... , ... .. . . ... ..-. .... . .. .... .... ... -.. .... ..... ... ._.. ..... ..... .. . 1. 

I n  order to coaply w i t h  a recent direction frox the E% on the use of ionising 
radiztion (Article 5(a) of Directive 76/j79/5rEtox), the Government h z i  introduced 
legislation to cover t n e  administretioz of radioactive subs'dnces t o  hurrms for purposes .: 
of di-nosis, therrpy or resewch:, 
leElslation, the Administration of Radioactive Substances k d v i s o ~  Cornnittee (AFSkC) 
nzs 'been appointed. The Cnairnan welcomed 3.-. J . C . E . .  k i s o n ,  E member of E.F(SAC 

.uim had been invited to  describe t h s  neu legislztio? ani the rznner i n  which it 
Uould ziffect proposals pu t  before r'IS?.C. 

LEGISLATION FOX TIE AD3Il~IST?,ACICI\' G? R/JICACTIV'Z SU3STANCZS TO HUIGNS 
._.. ._.. -.. _.. ... -.. ... 
. .. ... 

. .I  
To assist i n  the impleointation of t h i s  

. .  

... 
Dr. b i s o n  be=- by explahing the definitio?s usei i n  t h e  regulations, pointing out 
t k t  a "radioactive medicin& prociuct" covered sezleS sources (except nuclev- 

this categcry) znd i r rad ia t ion inducedac t iv i ty ,  exec: where t h i s  is 2 by-?roduct of 
treatment. However, m t u - a l l y  occurrir5 radioactivity does not require authorisztion, _.. 
Such authorisation takes the form of .s cer t i f icate  i s s u e d  by a Mnister  eqwcr ing  
t h e  administrztion ,of a swcif ied qcantity or  radioisotope or isotopes i n  a 
stated form to  zn indiczted group of people. 
cozpleting the attached application fom zic fom2raing it t o  the Oepartrnent of 
Heelth and Social Security, uhence i t  is circulated to members of ARS.4C who then 

revoked, a system of appeal exists i o  the Flinisier or to  the Co.dt tee  on Fkdiation 
from 9adioactive Medicinal Products ( C F F W ) .  Certificates are  only issued to 2 
medic21 doctor or dent is t ,  althoug!! he does not have to be personally involved, 
work nay proceed under h i s  direction. The cer t i f icate  holder does not even have 
t o  be present although " in  the case of long absences, or of t h e  appointment being 
vacated", a new cer t i f ica te  holder must be arranged. 

D r .  3aj.son indicated that  ARSAC is not primzrily concerned with the ethics of the 
exprimeni a d  that ultimate approval for the work still l ies w i t h  the local 
e thical  c o d t t e e ,  even when a cer t i f icate  h a s  been g r a t e d  (see paragraphs 53-55 
of the attached "Notes for Guidulce.. . . I t ) .  

the approval of the locd cormittee before raking a positive reconvendation to  the 
Minister. 
i n  5upervision of the Ethics of Cl in ica l  Rescarch Investigztions and Foetal Rf3sezrch" 

t o  these regulations. 

pmered cardiac pacemkers), unse2led soilrcea (inclucirg radioactive aerosols in ..... 

I 
.... -.. 
..... . .. Such z cer t i f ica te  m y  be obtained by 
. .  ..-.... .... . .  . 

. . .. ..... . .. 
d e  t h e i r  recomsndations to the Pinister. Should 2 cer t i f ica te  be refused or .... 

. .  ..... _ _  .... _.... . .... . ... 

-.-. .. - . .-.. - .... .-_... ...... .... _. . 

However, ARSAC w i l l  normally expect 

Guidelines for  t h e  performance of an ethiczl comaittee are laid down 
. .  . ..... . ..... ... .... .. . .. . . ...... 
2:; . -... 

D ? S ,  !-EC(IS11j3, a l t h o r n  Dr. k i s o n  u2s n ~ t  clear how closely TISAC confcncd .. -.. 
_._-... .-. ... . .. 

-- - - . _ _ _ _ . . . ~ .  
I 1 7 '1 I i< ';> 
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&;cy.~nc~t lc?s for 2n e t h - - a 1  committee 2n2 reDort t o  th< 7Q+.IITTEE: 

3r. - 7 ~ L s m  Tinzlly dreE attention t o  the 'Wo'ies for Guidance.. . :I '  concerning research 
?r;jsc:s (-rz.grzp:?s 48-52) with particular reference t o  the minimum volunteer age 
of i 3  e x c q t  m i e r  specizl circuwtances, the consefit of the subject and the dose 
cc.=it=;zr.t. 

~ ~ z i c c  t%.t TISKC were empowered to  grant ap?rov21 of up to  50 nrm whole body dose 
ec:ivzLe2t, xitn single organ dDse equivalent of up to  250 r e m  (HMC 76(  19)9,' 
T Z C (  3 Ii.2 1 . 
s-.rs:.kSiol.t(2),4 ( 1 9 7 5 ) )  a d  a r e  wi th in  the lowest dose category, equivalent 
tc E i r v e l  of r i s k  w i t h i n  varietions of natural bacbround radiation. 

. $  

Dases a re  categorised in to  c5Cxr!m, c500 r r n m  and 45 E r n  equivalent 
t r - -  "-1 305y doss, with the i n d i v i d u a l  orgm dose eqcivalents 'also stated. The Chaimn 

Tnese figures were based on then current views (WHO/RHL/73,1, - -  

.,-.-- - .--.s:L 11 - Cilje CO;%JEEE thanked D r .  Fiaison for h i s  Dreseniation. 

3r. %35e=.126.r, stzted that there were two possible !xtho?s of apprcxch to this 
?-- ?. Aiez TISAC ( 79 12 1 f- 
2; xinslc 3ocjy e r a  measurement a t  5 days and longer a f t e r  ingestion, measurements 

L, 
of ipzestei dose and urinzry and faeczl excreticr. erzbling a balence t o  be struck 

cy siA I e r e x e .  
- =e:z o r  SZTZ measurement of ingested dose, urine a35 Faeces to give retention . . p" 

2r. Cii,ziberkj.n f e l t  that  zlthough method ( b )  involve3 lo-der act ivi ty  levels,  i t  
x i l f  require considerable manpower and would have lerge inhsrent errors i f  the 
rf:o.ri:ic.? xere srrzll.. 
!!.:.l?-Life 4 3 d ,  iWkp, 1.YkV 1. 

C.S , L C ~  x x l d  occur wi th  a possible repeat a t  a dose of 2 u C i  if the counting 
st5:Ls:ics were poor. 
cL.i s z ~ i s p j  the requirements of MAFF, b u t  wosld provide useL'ul additional dzt2 on 
2.5 k l c o i : w i m y  excreticn:faecal excretion rzt ios ,  zn area where l i t t l e  inforxitior! 
is C * z r e s t l y  zvzilable. Due to  this,  however, uncertelnty exists 2s  to  the degree 

4 y ~ ~ e  of c z b i m  i n  order to  e s t i - t e  the r ach t ion  dose t o  the volunteer. 
L r .  I:s:..zcn zssisted D r .  Chzniberlain by presenting a table of equivalent whole-body 
e-- -:=s - 

It was therefore propcsed i o  us? method (a) w i t h  Cadmium1 15x1 

Dr. Chaqberlain pointed out th2t such an experiment would not 

An i n i t i e l  acininistration to  two subjects of 

..-- . 

rsr c rzrGe of uptakes, also inciicating the experiaentrl uncertainties. 

1 1 2 2 1 5 ~  

.- 
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Dr .  Rae e s t a b l i s h e d  that t h e  s p e c i f i c  a c t i v i t y  of t h e  cadmiurn would be approx- 
k t e l y  100 pCi/mg resul t ing i n  an a c c e p t a b l e  body i n t z k e  of o n l y  a few microgramos .  
Dr. Stot- t  fe l t  that t h e  use of a r a d i o n u c l i d e  i n  such an  experiment  on ly  demonstrated 
t h e  short- term effect of uptake ,  whereas for 
long-term b a l v l c e  was r equ i r ed .  M r .  P r i t c h a r d  i n d i c a t e d  t h a t  more rea l i s t ic  r e s u l t s  
might be obta ined  b y u s i n g  volunteers who regularly C O ~ U I ; I E :  c r a b  mezt rather than  
c o n t r o l  s u b j e c t s .  Dr. Mole was concerned abou t  t h e  dose c o m i t m e n t  and felt t h a t  SII 
i n v e s t i g a t i o n  o f  ways t o  improve the assessment  of c a c i d m  i n  e x c r e t a  would be 
b e n e f i c i a l .  
necessary funding  for  such  an under t&ing  and i n d i c a t e 6  t h a t  c o n f l i c t i n g  evidence 
e x i s t e d  over  t h e  r e l a t i o n s h i p s  between body burden ana the  r e l a t i v e  d i f f e r e n c e s  
be2cleen t h e  e x c r e t i o n  pathways. However, D r .  Mole f e l t  t h a t  i n  view of t h e  large 
n n b e r  of f a c t o r s  i nvo lved ,  such a sm11 experiment  would no t  provide  s u f f i c i e n t  
b t n e f i c i a l  i n f o m t i o n  when be lv lced  against t h e  poss iS le  dose c o m i t m e n t .  

t o  a c c u r z t e l y  e s t b i t e  t h e  r i s k  a 

Dr. Chamberhin  f e l t  tha t  M4FF might n o t  be prepared t o  provide  the 

rxllSLITE: I V  - The C O M T T E E  recommended t h a t ,  a f te r  c m s u l t z t i o n  w i t h  t h e  
k v e l l  Bio2ssay Group, Dr. Cna ibe r l z in  should  emrozch !J-LFF t o  d i s c u s s  the 
Possi'silitjj of 2 f u l l - s c a l e  p r o j e c t  i nvo lv inn  t h e  amlysis of e x c r e t a  2nd blocxi 

5. 

I)r . ' Ikwton b o r a  by stressing t h e  d i K i c u l t i e s  encocnterz5  ir, :!E 2ssessment of 
p i u t o n i m  i n  the  lung due t o  t h e  10;s' energy of t h e  erL:ted X-rzys a ~ d  consequer.: 
a t t e n m t i o n  i n  the  body. 
rnrnts of known q u a t i t i e s  of 103Pd ir, v o l u n t e e r s  (TISX(72) ! -2 ) .  
d i f f e r e n c e  i n  X-ray e n e r g  between 'G3F.d (Everaze 20 %e\:) ar15 plutonic... (everage  
17 keV) m e a s  t h a t  mthemtical c o r r e c t i o n s  for t h e  difYErFng E t t e x i z t i o ? !  by the 
&est uall must bs rrzde. 
zrf r e a s o m b l y  Eccurate under these co r t c i t i ons ,  buc t%.t t h e r e  Fa a neeci Lo be 
re-zss*lred such czl ibrzt ions are 2s t c c u r z t e  i n  the hcTz? case. IC w 2 s  therefore 
praposed to  USE 5ZnXb(hel f - l i fe  10 6 ,  L.C., 15.5 keV$ ; 1zSc,lle:! p a l y s t y r e x  
ricros?ner-es of 5 JL-E aimeter to.~:ur~~_Celztions~i~. 5 c ' i ' ~ z n  -"T*-- courjt rate 2nd -c- c h e s t  .-- 
. d.1 .- th ickness  (CY?). 
'I& E comparison of t h e  r a t i o  of the twc, a g z i n  as E ?uu7ctior: cf C G ,  ,%itti i n i i  
ex9ected fro3 t h e  r a t h e m t i c z l  modei, couid  be r i d e  (7ISK(i'5)i 1 .  

Up t o  seven s u b j e c t s  would be used ,  K i t h  a!! i n i t i 2 . l  z l v e o l z r  b w c e ?  of e p p r o x b a t e l p  
0 .5@Ci,  t h i s  q u z n t i t y  being smller for  subjects with  2 t h i n  c h e s t  wll and larger, 
up to 1 pCi, for  lerge s u b j e c t s .  
necesszry  to  d e p o s i t  up t o  3 pCi i n  Sotzl, r e s u l t i n g  i n  E dcse conni tment  t o  t h e  
1 ~ ~ s  of 421?r3a, and t h a t  t o  thc- lowor large i n t e s t k t  of 2 k m .  

FZOPOSALS FOi? l7-E LNH9LP.TIOK 0' I.Ib-92m L . C E L L 3  ?.~-?.iICES 
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A t  presen t  P,=_rwell's eqcipmsnt is czlibratea fro3 mi2surE- 
However,. t h e  

\.lark w i t h  ?haitom hes shs,?: 2-12: 2 1 5  ccrrectel czlibrztio?s 

- 

C.. This would ?E 25210gous ts til:: C ~ : E ~ ~ E L  ,n t he  uork viih .1cJZs ---_ 

c 

To ach ieve  t h i s  z l v e ~ l e r  bxder .  it right be 

Dr. I4ole was re-zssured by D r .  Idewtorr t h 2 t  there W=s no mre  satisfactory i s o t o p e  
f c r  t h e s e  purposes.  

lJJl7JTE V - The CCWITTEE amroved  the Droposed exDer imnzs  in which ur; t o  seven 
volmteers would r e c e i v e  a n;aximu? burden of 3 Q C ~  of '=L3idb-labelled po lys ty rene  
rixrossheres with t r e s u l t i n g  raxiiii dose c o m i t m e n t  '-0 t h e  l u x  oi" 42.wez ana the 
~~ 

l c z r  lzr-ge i n t e s t i n e  of 2 W e n  

!L~-JOU& tine e s t imz ted  lung burden of po lys ty rene  of 303 p g ,  ~ 2 s  lzrger than  t h a t  
used i n  previous  exper iments ,  D r .  Nexton f e l t  t h a t  t h e  k s i s  for t h e  d e c i s i o n  of 
t h e  c o ~ t t e e  on t h e  t o x i c i t y  of po lys ty rene  was still v a l i d ;  TISAC(70)Ml stz?es 
t h a t  there were no grounds  for ' 'concern about  t h e  effects of tens of nicrogrammes 
of pol s ty rene  used i n  i n h a l a t i o n  experiments  ..." 

f r 7 7  I 5 h  
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E!%- VI - n e  COMMITTEE agreed  t h a t  t h e  use of po lys ty rene  microsDheres i n  
hi- bardens cf up t o  300 pg d i d  n o t  c o r i s t i t u t e  2 h.2z21-G t o  v e l u n t e e r  s u b j e c t s  

6. 

I - P .  5e21-d begc! by d e s c r i b i n g  t h e  a irs  of t h e  s tudy  tr ld  the  r e s u l t s  ach ieved  t o  d2 te .  
k!ickiin 48 hows of intake, 55% of inor,g-anic lead r a y  be found at tached t o  r e d  blood 
C E ~ ~ L ,  b u t  the  fa te  of t h e  remainder is d i f f i c u l t  t o  z s c e r t a i n .  Some c o n c e n t r a t i c n  
of mri-clod lead occurs i n  the  l i v e r ,  bu t  bons is considered t h e  mjor long-term 
store. %e pwpose  of t h i s  s t u d y  is t o  a s c e r b i n  i f  bone is an e a r l y  store 2s w e l l  
u,d  if so,  the speed of uptake .  

'.i?.O?OSAI5 For. E EXTE3SION OF STUDIES ON T h i  U?TKE OF LEAD BY BONE 
0 _ _  

Cticic; W I S  21so =ea i n  t h i s  s t u d y  for c r o s s - c z l i b r z t i o n  checks. However, w'nereas 
k z c  shoaed i! steE3y i n c r e e s e  when expressed as t h e  c o r r e c t e d  f r a c t i o r .  i n  t h e  foot, 
z?i hence t h e  s k e l e t o n ,  of t h e  whole body c o n t e n t ,  cdciun showed a d e c l i n e .  
e l - id tnce  that calcium behaves d i f f e r e n t l y  is t h e t  t h e  c21cilzz1 measurements tended t o  
Follz)-* s.KiOth curv2s where t h e  scatter on lead measurements wzs g r e z t l y  i n  e x c e s s  o r  
cCmsFx e r r o x .  
signific;.?: s t o r a g t  s i t e  bu t  changes w i t h  time heve n ~ t  y e t  besn e s tEb l i shed  
(szS.~.c:75)3). 

Furthtr 

b n g i t u d i n a l  s c a  of t h e  body i n a i c s t e d  t h a t  t n e  l i v e r  $as zlso 2 

c 
I% c=?X.r= t h e  trends demonstrated and e l u c i c z t e  Lhs r e l t t i v r  h p a r t z n c e  or  thc l i v 2 r  
~ 2 5  3mc, 2s stwag5 organs, it was proposed t o  k k e  zizrserernenis ex tend lng  over t 
7 e r i ~ i  of three w e & s ,  r e s u l t i n g  i n  z dose incre.zse of a fzccor of IO. 
2 ; ~  2 whcle b&y e q u i v z l e n t  dose  of 9 ~ y m  of which 7 r r e 5  wo~l ld  be accourlted for 5,' 
tk l i v e r  a d  ' k i a ~ e y  (21 mrem and 76 me! rriiiinm. o r s n  ccses r e s p x t i v e l y )  . 
t i l e r z ro re  Froposed t o  inject i n t r a v e n o u s l y  15 pci of 2 0 3 ~ 1 ~  t o  not nore t h a n  twa 
si5 j ec rs  . 
k-i,c,t ths d i s c u s s i o n  t h z t  followed, t h e  c o m L t t e e  zgreed i h 2 t  t h e  b e n e f i t s  t o  be 
C S T , E L ~ X  fro3 t he  Experivent  outweifhec t h e  dose c o x - 5 ~ ~ ~ .  

This would the:. 

It UBS 

.- 

. .  

Kidney 76 m e n  
L i v e r  21 mrem 

\-!hole body e a u i v z l e n t  9 m-em 

7. ??O?OSkLs TO STUDY THZ UPTAKE OF LEAD BY 11.!GZSTlOi< UiJD33 A VARIETY 01 COIJDITIO:!S 

Fr. 5 e z G  ?,ointed o u t  t h a t  although a l o t  of work hzs  been done on t h e  u p ' d e  of 
Zeza -& I n h d i z t i o n ,  i n j e c t i o n  and i n g e s t i o n ,  thc, l a r ~  - n m b e r  of factors i n f l u e n c i ? ?  

3: I C , ~  0:; i n g e s t i c n .  
vzge-G'sles du r ing  t h e  cooking p rocess  and s t u d i e s  a t  F k w e l l  i n d i c a t e  t h a t  this coJld 
be ecuivElent t o  a d a i l y  i n t a k e  i n  t h e  range of 20-170 E. 
fenCre 'nns wco-/erd new r o u t e s  - by which - lead rrzy - .  becom _ -  d i s s o l v e d  i n  tapwzter. 

A v:ry p q l e  cook u l d  eat has l e f t  large e p s  i n  the unde r s t and ing  of t h e  me!*Lzboiisa 

\.!ark z t  t h e  k t e k  Research 

. . .  i lecent work h z s  snown t h e  tenckncy of lead t o  a i s o r b  onto 

- - -- 


