
. ,  
I 

i 
c - y  s9 

. <  
I .  

. .., . + #  

b- 

. 

. 



. .  

. .  

1. 

2, 

3' 

160 

5, 

6. 

7. 

8, 

9. 

. -  
e+& m -  1 e 

UNCIASSI FIED 
*able o f  C o n t e a  

U NCLCISS I i iED 



1 Sunnnscp of Requests fo r  InSonnat3on D e n i r e d  ConceFning Plutonium 

Dra, L, H. Htnrplsmuul, S, T, Cmtrll, J. E. Kirth, J. J ,  Nickeon 
and Ur. S. C. &@Ada rmte  the  l e t t e r s  on which this section i a  based. 
Immediate problsPIII of impoFt.nce about which fur ther  in fomat ion  58 
needed are empLusiesd. 

I . Diamosh and Estimation of the Aaount of'Pluton5um in the Hunan Body 

A. Detection of Mounts in the  body in Qtcesb of the p e d s a i b l e  
level 

1. Dmclopmant of a sat isfactory means of assay of ulsnc and 
f ccea 

a. Need more information on d b b a t i o n  r a t e  a8 a 
function of t i n 3  

b. Need more itiformation on e l h i n a t i o n  rate a b  a 
function of mute  of I c take  

2. Determination of percentage of plutonium excreted dai ly  
by human, 

3. Can blood samples be ut i l ized  f o r  t h i s  putpotte? 

B. Detection of plutonium in t h e  lung 

1. Developrnent of a aatisfactory means of estimation of t h e  
amount or p h t o n i u m  in the lung 

Compoundr of interest a r c +  3, +4, nitrate in aqueous 8olu- 
t i en ,+6  a i t r a t e  in e ther  rolution, t e t r a f luo r ide ,+k  d d e ,  
+ I  oxalate, + 1* peroxide as alurry 

2, 

C, Devtlopmtnt of a method for detection and q u n t i t a t i o n  of plu- 
tonium in wound8 

11 Absorption 

A. Skin 

1, Need more in fomat ion  on absorption rate on various p l w  
tonhm COmpOUnd8 through the i n t a c t  fin 

Is absorption influenced by use of potassium pemanganate 
bolution followed by sodium hypo-sulphide crolution on the 
awn? 

2. 
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3. Garrtro-Intestinal t r a c t  

1. Need mrc hformation on absorption r a t e s  of various 
plutonium comparnds. Specific infbrmt ion 5s desired 
about those compounds mentioned under lldiagnosisl' 

Cm the e l h l n a t i o n  of plutonium be used i n  t h e  event 
of p 8 8  intake t o  detect  t h e  amunt  t h a t  rill be f i x e d  
in the bone? 

. 
2. 

2. 

C. 'Sound8 

1. The rate of diffusion of plutcnium fram t h e  round area 

2. The e f f ec t  of difftreat p h t c n i u n  cmpo-~.ncIs on t h e  rate 
of d i f fus ion  

3. H m  is t h e  dicstributim pa t te rn  altered by havbg  dif-  
ferent sorts of waund3, e. g. punctwe xounds &a opposed 
t o  lecerations? 

D. Lung 

1. lion m c h  of t h e  aao?1n*, brcatkcd is reteLied in the h u r m  
lung? 

2. km mch m t e r i a l  i.bco:-bed fron t k e  lung tc t h 3  blood 
and then t o  the s!celetm? 

A.  IA tt;e lung 

B. In the  b n e  

N Lktabolism 

A. Distribution ps t te ru  es a function of r k ? ?  of in tckc  

B. Distribution pat tern as a function of d i e t  

C. Khat is the rate of eiizini . t ion of plutoiiiwii from bme? 

D. Are ttn differine d i e t s  in the differan:; l&borator ies  cffoct-  
t h 3  results of m 6 . a  c:xF;zrbats? 

000485b LANL 
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v Patblogp 

A. m a t  1 8  the natUn?I of liver d u a p  d t e r  intnrvenous drcdni8- 

8. What i r  the nature of liver damaee after ab-lethal do8e8 glven 
through other routes of entry? 

frotian of plutnnium? 

C. D-8 p3-eud8tbg kidney damage d-sh t h e  e l i d n a t i o n  of plu- 
t0dus f r o m  the body? Should por8tns uith kidney damsee be 
excluded frcm working with plutonium'! 

VI Them= 

A. Dcvelopmnt of methods of increasing el ldnotion iron tb M y  

1. Eff.ct of diet  

2. Effect of indection of amplucing or other agents 

B, 

C. 

Kethods of covering up rnaterial d t ? ~ s l t t d  in bone 

Developmnt of n&hods of tkerapy far rlutnniua in n r i d z  
( rpsdf i c  mention iu made of those CGXA~XUI~S zentimed under 
W & & X l O s i B " )  

1. Tho effoct of suction 

2, The effect of increased venous flm 

U. Fondation of a reconmnded procedure for treatrent in cam 
of 8 knom over-dosage b.7 inhalation, by muth, or by wamd 

Hor mch tFms can lapse before treatmnt ust bo instituted? E. 

V I 1  Protectian 

A, Is Inactive dust i n  a mrL arc8 an additional haztrd i n  that 
i t  increases t h e  probability of breathing plutonium? 

8. Iaprwemnt of eldstinc mans of the physical protection of 
. persmnel frun ingestion, inhalatior1 or direct innoculation 

of plutonium 

c b  Dcrelopment of a method for t h e  rapid detemination of the 
qunt i ty  of plutanium in the atrasphere 

D. Development of a contir.ataus rwnitorir.g device for otmspheric 
or dust borne fiutoniuri which is effective in concentration3 
&st above or at  toler m e  levels 

0 0 0 4 8 5 1  
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4, 

E. kralpr is of anaka md rerphratora for percentage efficiency 
in filtering out rrrbur c b d c a l  farm of plutonium. 
rPsntion was gpde of +4 ud 46 nitrate, +3 and +6 8ulpha*, 
i 3  urd t h  chloride, +4, +j X urd t6 carbonate. 

of respirator8 or is  particle r i c e  the bprtant i r c t a r ?  

Special 

F. -LOUS C h e n d C d  8 f r l l C t U n 8  play bomd the CffiCiCnCy 

VI= Plutonlur+radium Ratios ' 

A. Vrhat ratio for acute effects? 

8. Khat retio fa chronic effects? 

0 0 0 4 8 5 8  
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Table 1111 

Effect of Method of Colloeting 
hqplc on bunts Faund in the Urine 

~ 

krbon c/m and Place of Collectio7I of %.DlC 
A t  Homes I n  H o r p i t a l ~  

D o  W e  10.1 2.2 
W. A. 8. 41.6 1.3 

16.1 3.1 
0.1 

W. E o  G o  
1. 0. T. 2.8 
J. P. 17.8 - 
n. D. 30.6 2.2 

Averwe I 20.0 2.2 

* Smplos  collected a t  home nerd two overnight voidings collected by 
the indiv idurl  afkr thoroug bathing m d  msf;in& of hands. 

** Samples collected in hosaital were a-hour ramplea collected under 
the rigcrous IiorpitaL plan after a tm dey leave fromthe S i t e .  

Table X N  

Recovery of Kn3-a Amour.ts of PU 
From Regular and Eock Urine Smple8 

. 

NO. OS Nature of Amt. of Recovery spread 
Detna Sampler Spike c/m % % 

Zl, Blanks (reg, tube)  0. ( w e .  0.5 c/m> (011.2 c/m) 

-~ 

11. tr I: c 10.0 93 eS=lOl$ 

12 rtg. Urine .10.0 88 73- 1W 

3 reg. urine 4.5 95 Sl-lOS% 

LANL 
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Tho prirrrry in t e re s t  of o r  healt), d e p r t a e n t  i s  the immediate 
dcvclopxnt cf a mthod of monitoring perromel for internal body 
c o n t a b a t i o n  wlth plutonium. 
plan is to enable us t o  retire h d i v i d L a l s  frore f u r t h z r  ccztact  Yiith 
the lnsterial before they have absorbed hanr'ful mounts. 
tion of suc:! plan depends on the estoblish.mnt of a mfriisr of f ac to r s  
mong hhiCh are t h e  following: ' 

&?ounfc of glutcrdur. in som ba:y f h i d  or excresent; 

The obviocs purpose of a mnitor fng  

The execu- 

1) The der,elc?acnt of e nctt.bC of de te rz lnhg  exeeedlngly small 

2) The estsblishnznt of t).e relotions1L.j bet.;ceen the body f l u i d  
or cxcrrncnt s d  the arwnt of Flutnnium ccntained i n  the hurran body; 

3) The develo.m.arit of E s,-.?linz sjrsten which excludes t h e  possi- 
b i l i t y  of extcrnal contaxbct ion of the sample. 

Tiia repcrt ssc-zr izes  our ot te .q t s  t o  cstabl i sh  s3z.e of the  above 
factors .  

Ketb,od of S&t,?!.in,q s c i  hnzlssis : 

The urine kts been chisen as the s iu rce  ~f t h e  s w p l e  f c r  etuey. 

Because of the c.xtrcm dif  'iculty of d l f e c t b g  srrzll &n.~urr%s cf h- 
tcrr,al cc;ntbr,i:iet i t3 td th  pluto:liuz:, &-IC! becausz cf the  g-eat p3:sibilif-y 
of external c c n t m h a t i o n  of t h s  sm.;le, the  7ract ice  has bee;; t o  co l lec t  
2&-hmr sEr?les under very rigcgcxs conditiCils. 
to s t y r  axzy fro:, vimk and pref:r&b,ly away from t k z  Sit9 f o r  a &&hour 
psrioci ?receding t h e  period cf col lect ion of t h e  sazple to  be analyzed. 
h l l  persons are c-ked t o  wear f:-cshly l w x ! n e d  clotbiinpj duerig t h i s  
prelirzbary period End to bath  crnd wash. tlleir hsr'ds frequently. 

thk z;rriing ct tt:e close of t h c  &&hour prAL5xry pzrioa. 
k33~itzI  clott,ing &id after tak-np, a s3ouzr, i s  arl-jtted to a s p c i a l  room 
pro-;idcd for  col lect ing the  2 k - 3 0 ~  u r h e  sa.n?le. 
i n  this room fcr tke cntire a- 1 0 1 w  period. 
subSect r o e t r i c t  tiis f lu id  inta':e t o  one CQZ or  elass of fluid per mal  
t o  rvoid an rbnorzially large sazple. 

The subject is directed 

The r u l j c c t  i e  as%& t o  r e T r t  i o  the  hospi ta l  a t  e ight  orclock in 
Re is given 

Fe i s  asked t r  rerzh 
It is requested th3t  Vie 

k.hand 'cvanter i s  a v a i h b l z  i r r  the  r0.n and a note i s  nzde E O  t o  
whcthcr or i i o t  the FrdiviZ;121 h:ir 3 hand c:-.int. 
t0 rrask his h&ids e&ch tin!? before l a  - fcidr and t c  wear w h i t e  c3,tton a O v 3 S  
d7sing vc id ing ,  t h a  prsveiltir,c zgithel ial  Eceles of t he  hands from f a l f i n p  
i n t o  the Zlask and contwdriting thc  sample. 
i n  a 2 l i t e r  cr lemcyor flhsk r:!.lich is placed at  such a heig t , t  t h 3 t  it 
is not  necessary f o r  the pzrscn t o  touch the flask o r  t h e  funzel viiiZc 
urinating. 

l'he su5,icct is h s t r x t e j  

The v 2 i d i n p  are c c l l e c t e j  

3m Ctle col lect ion is c c ? l 5 t n i y  the subject  dresses and 

4 
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leaves the hos? l t r l  leaving F l i t  s=ecl.rum nher-. it was collected. 
sas~?l% is plckod up *!Id dc i iv tre f  t o  the 1ESCrato:y by b r . 5 7 2 ~ ~  e: t h =  
group d d n e  the ulaly8es. 

col lect ion of a Uc-hour urine .ample as nearly free f r o m  external con- 
t a d n a t i o n  as posrible.  

The 

Rigid adherence t o  the procedure described 8bove should perdt the 

The ef fec t i rener r  of the  ab390 xethod i 8  Indicated by the data  h 
Table which gives a Coqmrison of the analyses of rrunple8 conrirt- 
Sng of tro overnight r p e c b n s  ml l ec t ed  in the individualat  homes rrith 
24-hour r ~ p l e s  collected frcun the 6anm individual8 by the  above hospital 
mthod. The average count8 per minute obtained In the rarnples col lected 
at home w a s  20 as compaFed t o  2.2 counts per &uta per mnple when 
collected under hospital  condiUm8. The most probable explanation of 
tPd8 great 'd i f ference i n  that d e r n a l  contadnat ion  was avoided i n  t h e  
l a t t e r  care. 

The samples cullccted in the hospital  are anolylled by t h e  fo l larbg  
The w.tin a-hour specimen is evaporated almost t o  dryness and 

The ashing 1 s  continued unUl a white so l id  

method: 
the residue ueteshed using one addition of conc. HC1 and repeated additioAw 
of conc. Hh'a and 308 H2@. 
c h o s t  completely free d organic ratter is  all t h a t  =ins.  The residue 
is kken  up in 2 P H C l  a d  a com:>lete hydroade precipi te t ion carr ied out. 
The hjrdroxide prec ip i ta te  is disnolved I n  2 N HCl, the solut ion is 6dJurt- 
ad to a pfl I, 0.3-0.5 and the  Pu, plus 1 me. of ferric i r o n  a8 a carrier, 
is extracted into chloroform u r h g  cupfernon. 
off and the  cu?ferron residue digested off w i t h  n i t r i c  and perchloric acids. 
The Pu is then carr ied out of t h s  perchloric acid solut ion w i t h  lanthanum 
f luoride.  
d b c  and counted fsr 30 minutes in an alpha counter. 

The chloroform i 8  evaporated 

The lanthanum f luorida prec ip i ta te  is t ransferred t o  a platinum 

The data reported in Table X I V  give sone idea a8 to t h e  performance 
of t h i s  oathod when appl ied  t o  s?iked urine samples and t o  mck urine ash 
solutions.  
persons never having worked with PU. 
800 t o  I200 ml. 
ample  a i t h  a s p e a d  of 0.1.2 c/a. 

Blank detemJnation6 wem made on 24 sarrple8 of urine fran - These sacples ranged i n  size from 
Tire average of a l l  blank d e t e r h a t i o n s  WES 0.5 c/m per 

Results of Personnel Yonitorinq: . 

ThLrty-six me&ber8 of the  staff were chosen for  t h e  first tes t  of the 
above .nodtodng zmthod. These poople were chouen to represent. high, moderate, 
m d  lw or  no exposure groupc. The nurrber in a c h  group wo8 t 00 fett t o  
givo m y  d e f i n i t e  n i p f f i c a n c e  t o  the c lass i f ica t ion .  The results are in- 
dicat ive,  hmever, and are munarized in Table XV. It may be significant 
t h e t  a l l - Indiv idua l8  rhorrhg a p s i t l v e  count In the urine had had one or 
-re high nose count8 QI record since joining t h e  pro$$& A high nose 
count i 8  recordad &&&st an i nd iv idua l  n!ien a mist filter-paper 8 ~ a b  
t r s e f i e d  i n t o  the nostril and rotatod shorn SO c/m or  greater uhen c o a t e d  
fn M alphe c a n t e r .  

Urinary Excretion of Plutonium by the Human: 

mount of internal body contadriatian it is essen t i a l  t o  know the  re la t ion  
If ur inmj 'cxcre t ion  values a r e  to *be used to  estabUbh the  actual  

00048b I 
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betwesn the 8count of Pu l a  the h m  8yStea and t h a t  cxcretcd in the  urine 
per 24 howrr. Ch April 10, 1945, en otten?t vas mde t~ astablisk t h i s  re- 
l s t i onsc ip  by in jec t ing  a huuian zubject ftix&vanuuslp w i t h  4.78 of +4 Pu 
m!!ich was coqlexed ni th  sodium citrate(0.3a solution) and adjuatsd t o  a 
pH of 6.0. 

Tho subject m a  U, elderly male whcse &e. a d  ~ e n e r a l  heal th  aas mch 
that thore is U t t l e  or  no po6Gibuty  t h a t  the in3oction can have any 
effect on the nor& f a m s e  of hi8.lCe. The pat ient  dght not htve been 
an ideal subject in %hat h i s  kidney funct iar  m y  not have been C G X p h t U b  
no& a t  the  time of inject ion a8 indicated b;, a u g h t  albun?in?rrio end a 
lm urine r p c i f i c  gravity. 

The 4-4 c i t r a t e  complex rl~b used in order t o  produce the d m  dag- 
otition in iAe bono. TMO prcswsblp mid produce an excretion rate 
coqxrablt  t o  tha t  of b vnrker having absorbed t h e  w t e r i a l  a t  a slow 
r a t e  thereby deposit ins (r rraadam armunt in the  bone where i t  is p?obably 
the  most daaaging. 

The r e s u l t r  obkined for t h e  f i r s t  16 d a p  a f t e r  in jec t ion  ah? pre- . aeated graphically in Figure 1 by blocking in t h e  per cent of the totel 
inJected dose txcrbted per day. 

Thesc d a " ~  sholr the  excretion during ?he f i r s t  dcy ua6 surplLsin& 
lon emd t he t  t h u  l e - i e l h g  off cf the excretion r a t e  rr2s auch slawer than 
w i t h  r e t s .  
they represent %me metabolic abnormality of the subject. It is p s s i b l e ,  
hcwevcr, t h a t  the s t h b i l i t y  of thi! t-4 citrate ccrr;plex i s  a f&ctor ,  
blood sample t a k e n  4 hours r f t e r  the injection showed tha t  about 50 per cent 
of the injected dcst xas still i n  the circzleting blood. The ca l cda t ion ,  
however, was bzsad cn the  a s s a p t i o n  tl,at there had bcen a cornplot5 dldr,g 
of the s t e r i d  ttreighaut the  t o t a l  blood volum. 

the  leveling off point s3em t o  be about 0.02 per cent  iristead of 3.01 psr 
cent as observed for rats. 

Tnc most ?robable ex?larAtion of these abservations is t h a t  

A 

- -  A r a t h e r  favorbble excretion rate is indicated by t i e  observaLion t h a t  

The Effect of S ize  of Dose on Urinary Eaczetion of b?: 

A nwhbtr OS fundementml assumptions m i s t  be mbde in regard t c  the  
EetaboUsm of PA i f  a Ilmited m . t  of h u m  t racer  data  are t o  form 
t h e  baris of a method of diag.osirig in te rna l  body contadnat ion.  
is neccswy to  bsiwio that ,  once absorbed, rll valence s t a t e s  and a l l  
compunds of Pu ore rcstabolized b;. tlro miml oreaim i n  essentitlly 
the 6 w  rap. 
the s a w  wey regardless of thc n u t =  of ab-sorption or d :dn i s t r a t ion .  
(3) 
therefore  the fract ion excro'ad i 8  b,depmjer~t  of the s i ze  of the dose 
ad.zinistered or absorbed. 

(1) It 

(2 )  It is necessary to I U I ' ~  that Pu i o  metabolieed i n  

It is & s i  nezcssarj  t o  assme t ha t  the fract ion deposited and 

Haudlton (CN-2383) h a  raportad a l i m l t e d  8munt  of hfornatlon 5n 
support of %tie v a l i d i t y  of the f i rs t  t d c  ossuu@tions. T i e  f o l l o d n g  

0 0 0 4 3 b 2  . LANL 



Five groups of mture &eJe rets wore injected w i t h  00C32b’(2f53 cirr.), 
1.18, 5.3& 13.06; and 52.Qrof h respectively. Tfie wtcria l  vas ukdn- 
istered as i& citrate complex i n  a so lu t i cn  0.5 per cent with resyect t o  
sodium citrate.  The pH of the so lu t ion  WBS 6.0. The w i r e  an3 feces 
were ccl lectei  daily for f ive days from e c h  group and e n a l p e j  fcr 49. 
The results of the urine d y s e s  e x  eiven in Table XVI. These Cata 
show rather conclusive’?y that the per cent of tkc t o t a l  in$ectci dose 
excreted in  the urine of the rat *m?cr the htwt conditions is Lxkpnd- 
ant of the siee 0: the dose rdrjnistend. 

.. 
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Recults of Uonitoring Site Personnu1 

Classification No. of w e .  hr. 
Perram urine lmnlple* 

* - 
. Hieh ly=P.d  5 2.2 

LOU or 'no C I Q O ~ M  8 0.2 

Yudtrately sxpoasd 23 0.4 

-~ 
Thobe ha- h%@l no68 
cow t e** recorded u 1.2 

Those having no Ngh 
n08e counts ncorded 22 0.2 

* 0.5 c/m was subtracted frm each value as a blenk. 

** A high n08e count i8 recorded asahst  an b a v i d u a l  rhcn a mirt 
filter-pqxr rwb inserted in tc ,  tl,e n o s t r i l  end rocLoted shors a c o m t  
of 50 c/a er i p & t e r  when counted in an 2l3ha cowtor. 

Table XVI 

Effect of Dosage on Per Cent Exsreticn 
of PU (f-4) Citrate i n  the Urine of the Rat 

S of I n j -  Dsse bcreted per DW 
Period after DQSSRI lT 
InJ. - Ow88 0.032 1.1 5.3 15 52 

0.72 
0.27 
0.22 
0615 
0.14 

0.71 
0.22 
0.12 
0.11 - 

0.73 
0.31 
-0.18 
0.13 - 

0.57 
0.20 
0.16 
0.13 
0.12 

0.77 
0.26 
0.19 
0.17 
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