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I, Introduction 

.. . 

.. ,_ .r .i' -. *. ' ;:?" ;? 
?V'" r. 

. - -- -:,-I 

The quatitative deterraination of plutonium in $he, various tissues ,of*,-:+@ .. 

, the body is Of hpOrtano8 from several standpoints. First, the dia- , ;:.. I YI- 

" 1"; tribution of the element la the tiasus mag bo determined. -9eoonb; 
: < iyt therapeUti0 effort8 may be followed and evaluated. :;- 

* e:; - .. tion of uptake of plutonium by humans JXW be investigated. c .* : 
.i ..' 

In order that the quantity of plutonium may be determined by its. alpha ' ,'a; 

disintegration, it is necessary to separate it from the tisaue either 
by a direct extraction or fron a solution Of the ashed material, The 
former oase would probably be difficult as the nature Of the deposition' .;' 

of plutonium nay be different in each type of tissue and therefore no 7 

uniform prooedure oould be adopted, 

It is appareut that the oonccntration of plutonium may vary v;idely ao- . ;. 

cording to the conditions of the enpcriments. 

..- . ... tissue solution may be sufficiently high SO that a known portion ot 

small, the aliquot mag be chosen So that no significant mas8 aba?rptlw'.:*t 
of the alpha partioles ooours. Difficulty , however, arises when' plu- .':* - 
tonium concentrations are so small that large amounts of tissue must be ;$$ 

ashed and all of the resulting solution assayed. 
trerae oases the concentration of plutonlum in the ash Is such that R . 
simple co-precipitation of plubonium bith, for example, lanthanum - . -":';'+ 
fluoride will separate the element from the unwanted salts, permitting +: 

* ~ ,.e; 
, ,P-{ 

The methods uich might be used to analysa tissues for plutonium may .,$. 

be divided according to tlic concentration of thc element. _in t.he tissue. "+.q 

of plutonium are also applicable to others. However, since there' 
It is understood that the method -applicable to very low conucntratlow 

many aore operations involved in assaying low concentrations or p1uL-i 

reliable. Tissues containing iaore thnn 1 microgram of plutonium per.;;. 
grm nay be assayed by counting a small aliquot of the solution.aah.'-:- ,!. 
require a preliminary extraction froni the solution ash. . In betweb, 
Tissues containing less than OoUK3 microgram of plutonium' per panr will 

these concentrations a simple coprecipitation may be used. 

,. 

. .1 .' *. 
.. . .~ 

' 

Finally, the que80 

'. 
.' . 

bhere the exper'imental '--.. 
.4 

I 'tests involve animals, the concentration of plutonium in the ash& 

the solution may be evaporated on a plathum disc and an alpha oout ., :. ,': , 
.. made, If the concentration of the ash in solution is sufficiently :- 

+ Between these two ex-<,- 
&' 

. aocurate deterraination of the amount present, 

.. .**-:!$ 
.? . 

E 
tonium, it is desirable to use shorter methods provided they are 4- >s;?,,~ . *e 

p' - 
LJ - 2.4. 

Le Methods for DcterrnlninE Plutonium in Tissues. . ' 

2,1 
A. 
wet or dry ashing. 
tissues 81.8 small and could be expected to be quickly and eoonomloall~ 
wdashed. 

Tissues containinc more than 1 mioroaram .of plutonium per 
AShinK. Tissues are usually browht irito analyzable form by elthw,-. 

;;; ZI 

% 
It is advisable to avoid such ashing agents aa.tsulfurio aoId''a1 

In this case wet ashing wns seleoted because-the 

'a 
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I .' 
as subsequent analytical difficulties result. Nitric acid' and' hydrogen, ..'i 
peroxide ashing will result in a residue containing soluble Salts which -$;-I 

% 

The tissue - raur, lung, liver, muscle, kidney;-Bpleen, or mou8e,uar--~~.:-+q 
cass is dried at llO°C for 24 to 36 hours and tranaferred'to a ~~'llr",.~$! 
long neck, Gjeldahl flask clamped tit an angle .of approximately 2b*%.: .d &tme* '!-!boiA' .? I- p*.e :** 
ml of fuming uitric aoid are added slowly, (la ml for oaroass),! 
'the violent action has ceased, the flask is heuted gently until practii '' %: 

cally The residue is allowed to %?ool: '.':;'$ 
several IninUtes and 1 ml of superoxol slowly added. \';hen the aotion had r- 
subsided the contents are aeain broupAt to near dryness, 
acid :ind peroxide treatments are alternated until a white or light gray *.." - .. 
residue is obtained. . ..! 

plete ashing. Sone residues, mainly from liver tissue, are rust colored;' .::, 
in these cases the technician must rely on experfence to tell if the 
ashing process is complete. 

The completely ashed sainple is treated with 1 ml of conoentreted nitrio . ..A 

solution is transferred into a 100 ml voluetric flask. The KJeldahl .- i 
flasr is waslied with three 3 ml portions of del &I nitrio aoi8, 

have not been found t,Q interfere with a plutonium precipit&ltiOR..,~~i , *. 1, 

/ -"a --. +b *' *:w. .%;., 

i 

of the liquid is driven' off, 

1. , The nitrid 

A black or dark colored residue indioktea ihrclom- 

I 

,a. t _.r , ,. .. . 
' .A 

' ., acid, v;;araed for a few minutes Rnd diluted with 3 ml of 0,l M nitrio 
acid, The sample usually dissolves completely with aCltatlon, The I ; '-q 

wasliings are added to the volumetrio flask. After cooling, the solu- .. *$ 
tion is ililutod to the niark with water. The analytical prooedure to,' .. 
be used to assay these solutions depends on the amount of plutonium 

/I 

The. -> 

-1 '_ 41 present 

In the case of uouse carcasses, the specimen should be divided in order"'. 3 

.-. 
, w -, . L. 

.= k, 

to introduce them into the Kjeldahl flask. 
with 13 ml of funin& nitric acid which ignites 
vigorously, However I no loss of plutonium has 
point. Khen the violent reaction has ceased, 
ore the othei tissues. However, lo ml of acid and 3 
are used, insteed of the smaller volumes listed above. 
ashine as many as 10 acid-per-oxide.treatments muy be 

The procedure as outlined will \.or& sutisfdctorily for 99% of 
tissues. About Sp will contain an insoluble residue which 
some cases, as nuch as 3Op of the plutonium. Speoial 
residue raust be undertaken. This is discussed below, 

Ret carcasses imy be asried by 
of reagents are requlreci. k 

.. - 

.z - .+ . , vAlch i be discussed later, is uore satisfactory, :i '*: -- 

P 'G -,;. * 
4 +. 

Bo DeteminHtion of Plutonium. 
tonium on a pltite in order that an alpha copnt my be mde is dependent; 
on the concentration of the ash arid of plutonium, In the case of mouse. --: 
tissues, exclg.din6 the carcass, the solutions contain very little ash 

~ ') -;$ 
and hiell concentrations of pl!ltonium, ., 

direct lanthaniun fluoride precipitation fromsn aliquot of th-e solution *-;:: 

The rnetiiod to be used to deposit-,plum 

This would ~llov, for either a 

I_ - - ..- .. --- 
-a -.d 

-.e. >. 
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or direot ooUtin@: Of a 1 ml or less aliquot evaporated on a ookting-, :'I-:$ 
disc. 

' ,: '&A 
Direat' oountini Of allciuot; This'%eohnlque oonsists of traneferriag ; -,:,-+ % ,. .: 3 
1 ml or lese of the nitrio acid solution of the.-tissue ash to a plati--ii.F 
nm diso,' evaporating slowly under an infra-red Imp, flaming in a gas.:q!S: . ., . >.,Pi 

f1-e and oounting, To obtain the maximum yield, the sample must not . .LF.. <-;: . h. .,4 

leave too large a solid residue, nor must it contain gaseous reagents I - ' ".f ,) 

venience this prooedure has been used to assag nouse tissues whose ash , :': 

t.. I4 c -. 
. -01 ' .Q 

.: . :.., 

which eive rive to bubbling kith consequent partial loss. 

solutions oontained ti00 or more alpha counts per minute per ml, 

For .om- .,;-, .- 

i . 

A' preliminary .test 
0,1 ml and 1 ml of 
in Table I. 

I Sample 

indioated that the method was reliable. In the test 
the' same solution were counted. The data are-given 

.. 

Table I. 

Composition 
of Solution 

Ashed Femur 

Ashed Femur 

ished Liver 

Ashed Livor 

. .- 
'1 

9 .- 

Volume Cts./min.' :e -i 

1/1000 

1/103 

l/lUUO 

1/100 

.* 
I. 

'? 
L,< - 

:. * b335 
. .. . -. , 

Slm le lmtfiunum fluoride precipitation. PlUtGRi 
(IVY ohidation states Is readily coprecipitnted a 
lnnthznum fluoride. !.here the concentration of p 
to directly count un aliquot of the (ish solution 
warrant .an intermediate extraction step, g. lnnthr 
tation to separste plutonium from the other inorga 
the ash solution may be used. The concentration o 
solutions of ashed inouse or rat tissues is low eno 
much as 25;o of the solution to be assayed, Phere 
of the ash is used, calcium fluoride causes R heav 
counting discs md absorption errors result. The 
the procedure follows. 

An aliquot of tile nitric acid solution of the tissue ash 1s 
25 ml with Oak M nitric acid in a nO ral %apered pyrex centrl 
and treated with 2 ml of a saturated solution of sulfur dio 
solution is agitated and al1ov;ed to stand 30 minutes for the 
Of plutonium to the lower valence states. Ten ml of 3 M nit 
are-added arrd 1 mg of lanthanum (1 a1 SOlUtiQLL containing 1--- 

-/ . -*>-- 
-/ --..<-e?--? 

rAa--7-#----- _. 
- 
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is stirred in. 
The solution iS agitated for several minutes and the lanthanum fluoride 22 
precipitate, which is not always visible, is oentrifuged at 2000 RM'" '.*% \. ;- .I 

for five minutes, The supernate is disoarded and ,the preoipitate, :;:*&-*:.; 
transferred to a platinum disc, dried, flamed and- oounted. .The preor~.:.y: 
pitUte is transferred by =ems of a miuro-pipette after slurring with. ,,..;".! 

,, .: .? -. P' 

TO this solution is added 5 ml of hydrofluorio aoid. 

'c' "_. 7 1- , 
,-.w .'> .\ 8 fev; drops of dilute .nitrio acid, 

?'r 

.., 9 4 

. %%> 

This procedure gives an average reuovery of 83% of the plutonlum'on;' 

technicians are given in Table 11, 
of several hundred tissues. Some of the data for various 

.. .L 

. .. -. - 
.. 

Table II. 

Technician 
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,. - .I Table =I, 
2. .. 

-. - __ -.. ' 
Carrying Of Plutonium by Lanthanum Fluoride from 

L whed Hat Caroasa Solution, , I 

' ,, i54 

Final Volume ' b03 USd , PlutQnlm . * *, -7 

'e. 
c-.- 

Solution 
Reoooery 

Rat Caroasa 
Rat Carcass 
Rat Caroass 
Rat Caroaas 
Rat Carcass 
Rat Caruass 
Rat Carcass 
Rat Carcass 
Rat Carcass 
Rot Carcass 

40 ml 
40 ml 
40 ml 
10 ml 
10 ml 
10 ml 
40.ml 
40 ml 
10 ml 
10 ml . 

' + The results in Table III are rather lnisleading in tnat it appears that e' 

higher lanthanum oonaentrations carry less plutonium, The actual 0888 

1s that a larger residue IS obtained on the counting diso probably due -. 
to the higher rntio of calciuu to lanthanum and therefore absorption 

gible arid assayed for plutoniU hy coprecipitation Faith lanthanum 

? 
. ' 

during counting 5s responsible for tQc reduced recovery, 
snme solution was diluted four-fold to render the ash content negli- 

fluoride, the results as shown in Table IV were obtained, ''. 

Tihen this I. 

3 

is j 
o , b 3.4 

Table IV. .- - 

Carrying of Plutonium by Lanthanum Fluoride from 
Diluted Ash Rat Carcass Solution8 

- 

Solu t 5. on Final Voluae 

Rat Carcass 40 ml 
Rat Sarcass 40 ml 
Hat Carcass 40 ml 
Eat 2aroass 10 ml 
Hat Carcass 10 rnl 

c Hat Sarcasa 10 ml 
Rat Caroaes 10 ml 

J 000 io08 

J - 
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c The colleoted drita on tiie lanthanum fluoride oarryiag of plutonium ..f 

that it is quite Sutisfactory for uost tissues w5th-low ash 2 

. a dcoreased yield, primnrily due to absorption - of the alpha particles ::-',:., 

R, D. Finkle(l) desorfbes a method for assaying tissues for pluG'oh&,<~,;~~~ 
as follow3: 

"Dry ashina of soft tissues: 
of *ppropriate size, held away frata oontact with the elasa by a filter 
pijper oone. They are dried at lOOoC for IC hours, Find at ZOOOC for 
24 hours, and finally ashod at zmO0C for 48 hours, 

intaot throughout the ZOO°C treatment thus preventing oobtaot 
of the tissue with the class until it is thoroughly dried. The ash 
usually contains a small urnount of carbon due to the limited tempera- 
ture of ashing, and occasionally some cryatalline ineoluble matter, 
particularly in the case of livere Bone tissue is treated In exaotly e 

the same manner," 

"Copraclpitetion of Plutonium: The tissue ash from the dry aah.&th& ..; 
is dissolved in 1: M nitric acid oontaining Our, N hydroxylamine,to an , 

ash concentration of 2U mg per ml, the average ash oontent of eaoh. .', , 

tissue being previously determined, In cases where there ia lese-thm .& 

a0 mg of ash, the ash is dissolved in 2 - 5 a1 of the aoid, A 0,ti ml -'. - 
aliquot of the soluMon,. including a suspension of any insoluble matter 
which is present, is transferred to a 1 ml oentrifuge tube, It is ,a . 
treated with OQa me of lanthanum as lanthanum nitrate, made 2 ,N in ' j, 

hydrofluoric acid, stirred cbrefullp u,ith a small platinum rQd and' *?:;+ 
centrifuged at 2000 Hpbd for 3 minutes. The sides of the tube ace ' I,. 23 

viashed down by stirring the supernatant v.ithout disturbing the preoi~~~ c. 

pitate and it is finally oentrlf'uged for ten minutes. The supernate.!-+*!;: 
Is then carefully relnoved with a capillary pipette, The residue ,-iae*: 
transferred to a one inch plntinum disc uith the same pipette using&<i '. 

about 23 lambda of k M riitric noid and YO0 lambda of water to etteoty::, x 

cotznted. This procedure results in recovery of b7p of the plut04*-.--.5 
in the case of soft tissues, 

''In the case of borre at an ash concentration of 20 mg per ml h&q~$G 
there Is a sufficiently lnrge precipitation of celcium fluoride to?,.. ,; :+ 
cause about 163 mass absorption, Hat and, mouse carcass ash consist&%?; 

oontente !','hen the ash content is greater than- 1 mg/ml one,. oan_.expsot <-.? 

..:'- '; . t,+ : 
't. ?; < durine coUtiW* .). 

.s 3 

.. I. 

*:.' 
.. I 

The tissues are plaoed in ppex berrkera 

-, 

The filter paper 

i 

: .y, 
<l .. - .' 

the transfer. This is eva'>orated to dryness, flmed to rednese and $-,ji.q ty..j.' 

z $$$* !* 
, ,IG'.&,: 

ing of bone, ash plus the UUSCle, skin, and connective tissue ash . -,L;hqt% ._ 
causes mass absorption of about llp, , '~'-i. 7 

i ., I& - 
"The method is useful in the gnalysis of tissues oontaining plutoniran'.' 
in a conoentration of 1. x 10" micrograms or over per mg of ash," . 7 .. 

.I I d.-. 

. -3- 

OOt 1009 
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Another method vAIch has been used to assay rot d rnouse tissues is -i 
described in detail by R. kbrams and associata8tgy. This method e. -:, .: - &, .c 

makes use of a double precipitation vhere the plutonium Is first re- .r2 

prooedure is as follow. 
- 1 ., .it 

**Destruction of ormnic material: The tissue to be ash& Is placed . ::.I 

three days. .kf ter drying, the crucible coritaining the organic resi- 
due is plaoed in a muffle furnaoe and heated at SOOOC for 24 hoursg 
The heating is continued for the next 24 hours at 400 - 450 C, 
Finally, the temperature is increased to 600°C, and the daterial ashed 

r. 

.. .. :noved from a big; ash content solution, The oonplete analytical 
-. - 

,. 

c ~ > . Le 
i- ' in a poraelain crucible uud dried at 120 - 14OoC for 8 minimum of 
r. 

L' - 

' at this temperature for Y6 hours (see note 1), .. 

"DissolUtfOn of ash. The ash is dissolved by heating on a hot plate 
with concentrated nitric acid. For most tissues five minutes is suf- 
ficient time for heating, however, liver requires about fifteen minutes. 
The acid is replaced as it evaporates, To assist its -solution the ash 
is scrtiped from the sides of tire crucible \.ith a glass rod, The dis- 
solved seh plus the insoluble residue (see nobe 2) is transferred to 
a 15 ml graduate centrifuge tube 1:ith the aid of water from a mall. 
wash bottle and of the stirring rod, The cruoible is treated a seoond 
time as just described and the bashiws combined in the centrifuge 
tube. The total mount of acid use& can often be adjusted so that 
the aliquot taken for analysis Rill contain just the required amount 
(2 a1 1C M nitric acid). I 

0 

d 

9 - 
h 

0 

I. , "samplinp, of ash solutiqn. The solution in the oentrifuge tube 1s 
' _. 

thoroughly stirred and centrifuged ,(see note 3). ,-*. 

residue insoluble in nitric acid to collect at the bottom of the tube, 
'Lithout disturbing the sedlmnt an aliquote Is removed tlth a plpette, 
for analysis. Ordinarily the volume of' the sediment is small and aanJi$ 
be neglected, but if it is large enough its volurae can be subtraoted-'\w, 
froa the total volume in detemtining the aliquot. The--allquot taken::+: 
should contain 2 ml of concentrated nitric acid and should .be trans-- "? 

ferred to a 20 ml, round bottom, lustroid, centrifuge tube, Addition-; 
a1 acid may be added if riecessary to make up the difference. The*.-:.;::,; 

'b '.b', 

.+ Th .; 9: t 1 

"Precipitution of' zirconium phosphate, To the solution in the lug-. 
troiri tube Is added 0,5 ml of n zirconyl chloride solution oontainfogq 
U mg ZrG4/ml of UoU1 M hydrochloric acid (4 mg Zr), The solutioa;,$a.,::'f 

slowly viith thorough agitation (see note 4). The tube is oentrifueed A 

"Washing ofprecipitate. 
Luhiu& ti.e (;L;SOi*bed puioaiu is ihoroughly mixed with I ml of dilute? 
phosphoric acid (Rote 6), After this, about 14 ml of the dilute aoid.,,- 
w3sh are added and the precipitate thoroughly washed by stirring and ,. 

This oause8 the 

-I ,4 

solution is finally dilu2ed to 14 ml, 
. &;:v--& 

I' & 

thoroughly stirred, Then U.4 ml of 1-1 phosphoric acid Is added - -*. ' i ; 

(note 3) cnd the supcrnate discarded, . 'i. 

u. t. 

.,. - 
The zirconium phosphHte precipitate con- - -- -1 

tL;2 prec1;ftate centrifuged out. The supernate disoarded, I. 

I* 

.. 

.. .- 
/zz-@-, 

-. # /- ?."? 10 - - 
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4, .* I-) , 
.t nJ.,anthanum Fluoride precipitation. 

precipitate containing the plutonium is added Oe3 ml of lanthanum 
nitrate solution containing 1 mg ~a+3/~1 of UA~ M ..nitrio acid. (.~<g+~:~ 
mg La+3) ,, The..!: t.:+-+y 
mixture is thoroughly stirred, and the platinum stirring rod waSheU&+ 1 .w! -e 

off \;ith 1 ml or less 'of water. Now ,2 ml of ooncentrated hydrofUioriO;..a;-: 
acid is added (see note 7), and the solution thoroughu stirred CU$$~$:??.: 1 -., 

.'. , > the stirring rod washed off vAth 1 ml or leas of water. 7, , .I @ '*. 
. ..'O -5: 7- ., : 

"The tube is centrifuged and the supernatant solution deoadtd,': V;l'th' 3 
the lustrold tube still in a Vertical, inverted position (after She - 

liquid has run out) R half sheet of "ICleenex" is pushed into Its open. '. 
end to fora a wad to absorb the liquid which continues to drain down 
the $*ides of the tube, The tube is left in this Inverted posXtlon ..' . 
uti1 the lanthanum fluoride precipitate containing the -plutonirrm is 
transferred, 

"Trnnsfer of Precipitate to Platinum Plate. Uth a ruzor .blade the' . . 

lower half inch of the lustroid tube containing the lanthanum fluorld'e + 
precipitate is cut off. d,Oa ml of 1 b¶ nltrio aoid is added to the ., 

. 

precipitate and slurried with the tip of a small pyrex pipette made = ? 

from 4 mm tubing. The 8-e pipette (note d) is used to transfer.the 
slurried suspension of lmthanun fluoride to a platinum plate resting .. ., =- 

on an asbestos pad on a hot plate? The heat of the hot plate Is ad- , 
justed so thnt the liquid slorJy evaporates v.ithout steam showing, " -f2 
Lhen the liGuid is dry the PliritInW plate is flmed over a'miarobuner+i' 
until bright red. 

"Another 0,Oa ml of 1 M nitric acid As added to the tube end and'tha +.'-:4 

.' ,( $5 4 
transfer is inade vdth 0.u~ ml of 1 M r-.itric acid, 

1. .- . ' , 2, :.s p .: 
*; GI 

"After cooling the platinum plute is couted c ith colloldod (see .,. .$Y& 4) 
CH-2190) and counted. The overall yield for the prooedure lncludiC#&. &** 

.?-.,.r 

A similar procedure is described by R. D. f'inlsle'') there an sop is&.,. .:I 

To tho washed ziroonium phosphate 
9 

,:. 

Then loa a1 of concentrated -ditric acid is added, 

1. 

.. ,. 

. .; 

>' .t 

id. .I , * 
. I" - 

remaining precipitate transferred as described above. The final*. .- i'+ 

' f,, 'W 

\1 . ., 

'i f.,K 
;x ",. **-4 

the usual loss in the crucible Is t)2puvf 
.. - .. 

.. ' :*;:.,;2 coverg is reported, ..j!@ .__ 
.K - ,1 

0 

0 

-0 

0 

"Notes: - 
:r --. . 

ltlo The temperature should not be dlov.ed to exceed 600°C'ae ,:-.'',. -.'; 

the ash will be likely to fuse into a hard' inass which is difficult ''to! t 

-> !,' f 
dissolve, 

"2, There is nearly always some insoluble residue, F~perlmenta' a 

. 

w30 1t)uO REM for 1~ ninutes in an International Clinical Centri- ' 

It is recomcnded that when large amounts cf plU= .- 

,- 

have shoun that this residue ordinarily contains less than 4p Of the -, 

plutonium, the average value being Ip, .. I 

tonilun are wing handled tliz speed be kept do1.n to lbOU RBi. 

? q. 

c:, 

fuee or equivalent. 
,. 

-f' 

.c .. --. -e- &..) 
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w40 

naO The lustroid tubes must not be oentrifuged at a speed great- 

At this point B gelatinous precipitate of ziroonium phosphate-! 
forms which carries the plbtonium from the solution. 

er than lrJ00 llFbl as there is daiiger of deformin& the bottam of tho 

tube, '! 

s 
- 

"6, The phosphoric add solution contains 1.26 ml of oonoentrated: 

The zirconium phosphate preoipitate dissolves and a lanthanum 

phosphoric acid per lu0 ml of water. 

fluoride preoipitate forms. 
of lanthanum fluoride is small, 

syringe by a piece of rubber tubing of appropriate sizeo* 

"70 
% The oolution appears olear as the amount 

Wm The pipette is attached to a 1 cc tuberculin hypodenlo 

2.2 Tissues containina less than U,ua rnicroaram of ,plutonium per pjem: 
The previous Scotion dealt primarily v.ith tissues of high pLutoniU 
-0onoentrations. However, prooedurev were also given vrhioh could be 
US& for intermediate conoentrations, that is, tissues containing be- 
tv;een 0,Ou and 1 rnicrotwm of plutonium per gram. As was previously - . 

stated, the reason for makiny: use of varied methods is prirne.rily a 
tiIne saving factor. A3 a matter of necessity longer rnethoda are re- 
quired for low activity tissues, 

A, AshinK. Most of the lerge tissue speoimens, samples of 200 to 
grains, 16uy be ashed by the general inethods us described for smaller 

ones. There are other i;lethodS u.liich have been tested whlch might prove 
useful In specific caser, These ape described below, 

&.noalum Nitrate-Nitric mid iCiethod, Thc sauple, 2uO - 3W @?&8, la':.:? 
placed in a w0 ml lone fr.ecsc Kjeldahl flaslc and 1U grms or ~O~haui:~~ 

nitrate adaed Twenty-five ml of concentrated nitrio acid are"added,;pz 
and the reaction started by heating gently, The reaotion mnt~U96 .,ti 

v,ithout further heating, ';,heri the reaction subsides, moderate heat is$ 
applied find vigorous boiling continued until all the acid 31s- remOmUk$~ 
and the residue coupletely carbonized. The flask 3,s strongly heated" &# 
and after cooling is treated with f wing nitric acid and peroxida,as,, i:: 
previously described lor rat arid itlouse tissues. The ash is diasolve~:,~ 
in riitric acid, the concentrntion deterruined by the analytical met%odb% 

.-. - . 2 to be used. 

The use of amrnonium nitrate shortens the. ashing time considerabli hnd!; 
gives a readily soluble ash, However, the method Is dnngerous a8 .: 

violent reactions set in at times, 

P In most of the ashine, pr:.:cedures dascribod some insoluble moteriai isw 
usually i'ormea, Tliis is uost pronounced vdth liver tissues ashed lo ..; 
Pyrex or porcelain, This insoluble residne may or nay not oontain 2 
PlUtonlum, I-lohever, It is desirable that it be eliminated if possible; 

' .. 

> .. 
i* 

'4 +v.' 4 , 
' . J.*lp 

74. . 

\ 

1 .a -. L, 4.' a* . 

~P2elim1rary tests showed that inOSt of this residue was silica On&' ..+- .- 

A;>:? 
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fuming the residue %dth perchloric and hydrofluorh aeid was perfomed 
$0 reinove this uuterial. 

Ashink of human tissues. One hundred to tvro huidred grama of'tissuq'&%4 
(bone, liver, muscle, eta. ) are transferred tie- an BOO ml JfyooP&lass:;*p.y 
Kjcldahl flask, The sample, which has been out 'into smd pleoee;,%&';;d 

acid, The sample is herlted gradually until fomlng ceases,+-Two *ore -. ,-f 
aa ml concentrated nitric acid treatments are performed, baing surb\,tg &:,; 

bring to dryness eaoh time. At this point the tissue is. Usuallg a'' :?; ::i 
capact charred mass on the bottou of the flask, *: 

treated v-ith 10 ml of fming, nitric acid nnd brought to dryness. It 1:. 

is next treated with o rul of superoxol arid heated to boiling; th6n 
10 of fuming nitric acid are added, Care should be taken to ,s,ee . , . 
that all the superoxol is boiled off before adding the aoid a8 'nI$r3.0+~ 

' 

acid and peroxide react very violently, One should not be added While 
the other is present, As many more treritaents are. made a8 are ae- .. 8' 

quirea to give a white bsho In order to prevent reaotion ot..,the'alka- 
line residue udth the glass, the salaple is never heated very strongly. ,. 
at dryness, 

3 
.. - - L 9' ,:.26 

heated to dryness .and trerrted with 2a-30 ml of oonoentrated nitrh'g ''-'-'i~ -* 

The mar38 is now - .. . 

,. 

~, 

_.. . I' 'q 
I7 

Chen completely ashed, the'sample is treated with D ml or auperdiO3:'',:; .- ..: .d 

and heated gently until the residue is completely dlsiategratetld"s . ' + !f 

Small portions of 8 M nitric acid are add-ed until the residue is,Uis- ;-.P 

solved. 
suspended particles. t':, 
beaker and evaporatea to dryness. The residue is treated with 10 nl....-?-l' 
of perchloric acid and IC) 311. of hydrofluorio acid, brought to 'dryne88 
and heated until fuming ceaseso Xt,is now treated with 1O.d eaoh 05 ii:j 
~1~~ii~~i'LuOriC ad nitric acids and the fuming repeated, 
residue is taken up in 1d ml of nitric aoid and again heated, to' dky-":'3 
ness. %enty-five ml of Z M nitric acid are added and the sample, 6. lt, 
heated until colliplete solution is effected, Tho solution is trahs- j:r%$ '3 

&. 

Jfi' P.: 

Bo uxtraction of Plutonium,. This section will deal prlmarfly.,Htith.- 
methods vLh€ch hsve been developed to Ceraove plutonium from the bu*."2a, 
of the Salts conained ir, the solution crf the ash.- This is aebdeav$+ 
for : ;~~l::?~e(iUenf; lanthanun fluoride precipitation or direct deposlj&&&$A 

,I 'i ?) ti*.= .+, or ' .,.! ..Son€urtl for counting, 

Hexone -solvent ~xtrectioa(~). The plutonium contained in a 2 MA hit'riqA-";S 
acid solution of the tissue ash is precipltated with 40 mg, of,.lant&&mf{ 
us the i'luoride, This precipitate is dissolved with a0 ml of'solut$oa.?= 
containing 10 grains of zirconyl nitrate, To the solution in a aep&arT& 
tory funriel are added 6~ grmis of amnonium nitrate. Mter aolhti~?~~7v.;. 
U,3 tTf:S:-i c!f potassium permanganate is added, The resulting 'soluti& 3-p..: 

sepal.:.! Y: o.nd the' plutonium is extracted frorn the hexone with 10 a&:> ;; 
of 2 M xiltric acid which is 0,1 N in hydrogen peroxide, The hexons,-'-+,.;: 
1s e9tract.d a second time cith 10 ml of. 0-1 N in hydrogen peroxide,,*.,,::< 

.c . 

The resulting solution is usually cloudy and may even*'.oontaih 
The whole is transferred to a 400 ml platinum 

Finally, the 1.; - 

:. F :/- ), ,R,q ', ..3T 
ferred to n container for analysis, . _- . 

' * ' C'?$ ,$a 
4 r*.-.. 

.! ->d;c4 
..;;" i w.'. p&.+ 

*& -* Ir ,-- .,*- 

-L <:i:.,& fd 1s alnubes V.il;n SO ml of hexone, The layers are . $,,,,-#..- - .dl 

._ 
y. . F- ., ._ 

/y---; --%& 7. - 
5- -'-"/ *- ' *I . LI ;v 41 - 
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Thiophenyltrifluoaoetone (T.T.A. 1 Solvent li~traotion(~).* The plutoni& .'; 

'+contained in the 2 blI nitric ncid ash solution is reduoed with hydroxgla-;' 
mine hydrochloride (0,l ai), 
lanthanum as the fluoride from 

The supernate is decanted and a0 ml Of loo M a~uminom nitrate %a 002 M c* 

nitric acid is added to the preolpitate. The preoipitate dissolve8 
upon stirrine, and slightly warning. The solution Is made 0,Ol M in .-.- 

sodim nttrite and allowed to stand at room temperature for la minutes.'. I 

It is quite essential to have tile plutonium .in the 'plus 4 state at the 
end of this period, The solution is transferred to a 129 ml-separa- 
tory funnelo Ten ml of U02 M ToT.A. In benzene are added. The extrao- .. 

tion can be carried out by shaking or stArriag mechknically for five 
minutes. After the tao phases have been separated, the T.T.A,-Plutoni~ : 

solution is washed with 10 ml of water, The washes are disoarded. Tea 
ml of t3 M nitric aaid are used to extract the plutonium from the T,T,Ao. ,: 
solution, The nitrio acid is evaporated on a platinum plate, flamed - .?: ! 

and counted, The method give9 an average reoovery of 9@p from 5 grams .:I 
of tissue ash based on a lanthanum fluoride analysis of tho spiked 
solution, The nitric acid extraction may be eliminated and the LO ml, ,,&, 

; . ~ ."- 
.. C, # *; 

One of the very attractive features of thia procedure is that B negll-$& 
gible mount of solids is extracted and therefore no mass absorptiq,,;:.:5 
correction is needed. The only objoction to the use of this prooedUre''35 
is :,he presence of alpha activity in the lanthanum available at 
Chicago. This aotivity follows the plutonium, Ghen very low plutonl@f' 

+q concentrations are h,mdled, a major error aray thus be introduued,. 
.sf *e. . -.!r 

" I -a, '"k 
Gupferroa - ohloroform solvent extraction: George Cowan (4)descrlbed $' 
a procedure by which uranyl nitrate solutions can be assayed POE plu--@? 

187 cupf erride cornplex of plutonium wlth cthlo&+;* tonium by extrantine 
form. Zright Langham and associates adopted this techn1r;ue to ,the ,.j! 

analysis of asticd biological materiuls. Their method is as followq:?'. :( 

. 2-4 

"The tissue ash is dissolved in a~))-lOcj ml or dilute hyd.rochlorio. aoid&. , 
treated with an excess of concentrated ammonium hydroxide and the:,pre-,, j. 

cipitatie centrifuged out, The prociplhte is k.aahed OGC~ vrith 25 a?;.-@ 

i+-ifojride, 
chloric acid and transferred to a separatory runnel, One me of. iron ' ','> 

is added as ferric chloride in do2 rol of U,E hydrochlorlc acid, T4?;',' 

hydrohido to a point just short of permanent precipitc%icr (bring badt-'-- 
with hydrochloric acid if neccssary) and>d;iately sha(cen for about +? 

_-LcL --- 

It IS then precipitated u.ith 40 mg of 
M hydrofluorio aoid .solution. 

'.! 

benzene solution may be evaporated directly and counted, -\. 4, 

.4 .- 

,- * 

1 m, , ' ..* 

of a 2 Ed ammonilmi chloride solution v.hich is nlso 0,b M 1n.ammonim - I,, %4 

IL is theu riissi;lveU in ayproxilautely Za a1 of 2 U hydro-'- 

Raid solution is neutralized drophlse vkith concentrated wonim ...;, T i '!> I 

', ', 

At 
*-,<z a .- ,A 
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. five minutes with loa ml of a 6% aqueous cupferron solution, ,The plu- 

cone Hith 2 ml portions of--chlorof orru llKlGi-1 the laat portdon %S- -0QlOrS.f.. , t@:,i 

V'After cof,lplete solvent removal on a water bath at k0C, fhe residu&:223Z~;~~ 
is $rented with U,73 ml of concentrated nitrio acid and heat&' for %:;-',.. ,..I 

amlo ainutes on a 8team bath before the addition of Oe75 d'or 7%' *i -. :,+'a,;.! 

perchloric acid. 
- 

1s gradually raised to 180°C over a period of one hour, L. 

tllis wet ashing, the fuming solution reduoes in volume to .0075 nil of a . 

clear pale yellow color vihioh becomes colorloss upon cooline. 
solution'is then diluted to 4 ml k;ith water and allowed to stand-.one- .. ; 
half hour after the addition of 2 drops of a 2w hydroxylamine hydro- . 
chloride solution, Forty microgrma of lanthanum are added and , 

precipitation of luKltha1liXil fluoride is affeoted by the addition of '1 ml 
of conc5ntrated hydrofluoric acid, The tube is oentrifuged at 2006 REId 
for la minutes, the supernatant decanted and the precipitate washed- 
once u.ith 2 ml of (1.1 N hydrofluoric acid. 
ferred to a platinum plate in the usual manner for counting," 

No experimental recoveries were given when this prooedure was eubmittsd.7. ': 
However, tests in this laboratory have shown an average reooverg of.. 

tonim Cupferride ooupltm is extracted into a 40 nil Pyrex oentrifuge -.- wC'-:4 $ 

, I- 

I IC- . :- . . 
,less, --_ 

The tube is then placed in an oil bath at 13OoC whioh' 
At the end'ar ' 

. 

This 

.* 

The precipitate Is trans- , - * 

:. !.~. i 

,, .-a * 

, .. 

..a. t - 

, .2. better than dope b, ~, .b 8. 

Zirconium phosphate extractfon, This procedure was previoualy" de-, ',&' 
scribed i'or small tissues, By Increasing the amount or zirco'iaium ;..* 2 ;? 

proportionately, larger samples may be assayed. Ouly 1 mg of lantba-&y $. 

cs 
0 

ture. 

The conditions for complete oarrying of plutonium by bismuth phsophats ..:-s. 

nitric acid, (2) the bismuth conoentration should not be leas than I -; 

057 W/ml aid (3) the precipitation should not be made rapidly, 
Vohmes of' ash solutions ES laree as lOU0 ml may be asswed, Some of '_ 

the exoerimentcl data collecteci in the dcvelopmerit of this procedure., 

. :,. . .? -: 

are: (1; &he tissue ash solution should not be greater than 1,2 M, In: *: 
I . .7 

- __. .-- - * 
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is desoribed below, 

(a) Effect of acidity ou the carrying of plutonium by bismuth phosphate. 
AS the acid concentration Is inorease8 above l02 M, the oarrying of 
plutonium by bisiuuth phos9hate decreases. 
Table V, 
the precipitate foriiied In the PreSeJlce Of sulfuric aoid dong with 
oarryine, difficulties encountered in other acid media limit the bismuth ' ;u 

phosphnte extraation to a nitrio acid solution. 

--: \,7 4 

This is illustrated In 
The solubility of bismuth phosphate in hydrochloric aoid and 

Sample of Tissue Conoentration Concentration $ or Pu 

bismuth 
Ash of HNO3 of ~iqmi oarried by 

,- phosphate , 

0.1 M 
ua2 M 
U,LJ M 
1,2 M 
1,s M 
i;,4 M 

0,s mg . 

0.3 mg 
0.3 mg 
0,5 mg 
LO mg 
100 mg 

99 
94 . 

96 
07 
86 
61 

'I 
,. 

'+ . 

. .. 

Q 

Q 

& 

-0 

- 
- 
U 

rc- 
I. .. 

. . ,. 
.- .. 

(b) Separation of biSL3Utii and plutonium. Bismuth phosphate is reeai4.: I 

soluble in hydrochloric and nitric acid solutions, - The bismuth ia not ,+; 
precipitated aheii hydrofluwic acid is added, This maces it p088iblO ,*. 
to coprecipitate phltonium with lanthanum fluoride in the preseme Or ;,t; 

bismuth, Decreasing the acid canoentrat ion8 hydrochloric aoid belhw- : :;: 
1 111 and nitric acid below k M, ctluses excessive oopreoipitation,of '..->;.'b 

bisnuth. There is no advantage gained in using low aoid conaentratlodp:;' 
as plutonium is quantitatively precipitated from solutions of hydro- '/ .:& 

In the procedurs which is used, the bisiuuth phosphate precipitate wVch'$ 
contains up to 1 groiu of bisniuth is dissolved in lLt, ml of oonoentratedyij 
hydrochloric acid and diluted to W ml \.ith water. One ml of solut16n y3 
containing 1 ng La93 per ml is stirred in. Precipitation of the l~-.~:~ 
thanwn is effected by adding L) ml of hydrofluoric acid. The lanthaqq,',$ 
fluoride precipitflte contninine the plutonium is centrifuged 'out .end;! 1.3: 
transferred to a p1:itinum phte (1. -.%"-2'' in dirneter) , ,dried f-f-lamed~':- dt 

. ..' L; ,$- and counted. 

The amount of acid used to dissolve the bismuth phosphate is .govern# 
:: 

by the amount of bisrnuth used in bhe extraction step. In-the case .;.< ,;; yihere 0,1 grm of bisuuth is used, 2 ml of hydrochlorio acid is diluteU*i 
to i) ml f ith water after solution of the bisfuuth phosphate, Only O,a.bS' '. 

me, of larithenum is used tl=, coprecipftate the plutonium from this volume?- 
of solution, 

.- . L_ 

chloric acid as high 8s 6 M, .. 

. +..? 

&L'. ! 

. -4 

:<.- 3 

A. 

1 1. 

1, 

--d<-- ?.,? 16 
6 T- I 
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The BnalYtioal-Jrie from this method, obta*ne rrm several hundred .. 

tests, is better than oo;~, # 
in analgsiS but the tests show an average reoovery Of 85pi.' The -:,;;?ikh$'3 4 residue depos,&t-ed .on-the oounting diso ,from 1 gramior bimhh :a2.:! 
after a 1 mg lanthanum preaipitation a6 the flumlde La 3.'4.idg6.g.'Spr:o.Rd'& 

a loa" diameter diso, this does not oause appreoiable abaorntion $%4< :>. *;: 

+ 
Since nost ashed tissue samples are contained in a &imm of.* ml"bi';:.**'-'4 
2 M ni.tric acid, .and 0.1 gram of bismuth is sufficient fa oompletely 2,; "j 
extraot the plutonium from the diluted solution, the final ~MWU~" ::,, :'! 
fluoride precipitation can be made from a maximum volume of 7 ml.. Lesa,.$'. 
than 1 mg of solid is deposited on the COUtiw diS0, 

The liver has glven the most dirriGulty,, 

. T. .> of che alpha particles. 5 *', -*.,.,I $ 
' 'i 

*.. .- 
, 

*r 

'i . 
. .. --_ . .. 3, Evaluation of Procedures. 

,. 1 

3ei Ashin& Dry ashing is a method which requires very littl'e atem- '. 

tion. and vAth sufficient equipnent a large nwnber or tissues mag ,be . .- 1 

processed simultaneouoly. The methods as described by R. Abr-a .ant$ 
R. D. Finkle both give rise to a small amount of insoluble rssidueo * -. 3 
This is Luore pronounced in the case #here poroelain cruoibles tire l,-'.,4&2 

used. However, the use of strong nitrio auid to dissolve the re8idue.t:; .: 

leaches the plutonium from the insoluble portion and good reoovertee' +< 
::, t . ,e'+ * 

'! 
%et ashiryg, if oarefully done, requires frequent supervision ad.G 
result in a small amount of insoluble residue partioularlp la the oa8e'.oi 

y ..A of liver satnples, 
ohlorlc trrd hydrofluoric acid treatments. The method is rapid mi,%o, - .&; 

are possibleo :, i .(. 

The insoluble material may be ellmlnated by 

gives rise to a water clear solution of the tissue ash, I *a : &A 

A combination dry end wet ashing procedure le 
in the case of bone or fecal specimens this meshod oan'be 

21~2 Extraction: Zirconium phosphate. The 
plutonium by zirconium phosphato in varioua 
method to be quite couplete. As applied by R. D. 
to nitric acid tissue ash solutions, the carrying 
dS;oo Xrratic results are obtairied from solutions 

Bismuth phosphate, Over 93p of the plutonium is 
phosphate precipitate fonned In a tissue ash 
cornpition: (1) O,2a gram ash/ml, (2) lo2 M 
B~'G/~lo The ash concentration given is that 
of bone dissolved in W ml of solution, 
ml have given an average of bop plutonium recoveryo 

~!Zf~on-chloroform, -- The method is based on Lhe formation of 'the 'f4-.:Ct, f.4 
cupferride complex of 'plutonium md its greater solubility In chloro-,t,q 
fora. 

-1 

best advantage. 

.. 

, rJr.:.- 
, ,,. 

It has been mainly applied to the analysis of ashed urine and 5- 
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fed. specbaena. Little difficulty should be erperienced in upplying A\s.- 

the procedure to hi& ash content solutions as a prelbninary preolpi- *: 

tation extraation 18 perforraed whioh reduces the ash content samewhat'$?' e 

'3 f 

The method' gives better than SrOp redovery of plutonl.ump ',,. 
is not satisfaotorily applied to a preliminary lanthanum fluoride pre- 

- 

cipitation as the alpba acrtivity in the lanthonura follows the plutonium. 

Herone, 
plutonium has pointed out that 70-8Ojo of the plutonium is extracted 
from a lanthanum fluoride precipitate dissolved with ziroonyl nitrate, 
but the iflethod is of little value in assaying samples of low plutonium 
concentrations. 
activity which is also extracted by the hexaneo 

However, *it 

K. G. Scott, who has made use of tills material to ex'traot 
~ 

The lanthanum and zirconium contain ooasiderable alpha 

prelimlnaq 
Thiophenyltrifluoaoetooe (T,T.A.-) 

' 

Dreoipitation of PlutoniM with lathtinun fluoride. Based on 8 l'aatha- 
This rnethod also makes uae or a/ 

iA fluoride analysis of .the spike solution, the method gives an average 
recovery of c3Y.p, as reported by K. C. Scott, from 3 grams of ret ash, 
Smaller ash ooncentrations eive better than 9- recoverieso-- It would , 
appear that the extraction 1s quantitative and that lower than US+ 
recoveries are primarily due to the lanthanum fluoride carrying, Thou@ 
tests in this laboratory have shown that same alpha aotivity aseooiated 
with the lanthanum is extracted, careful selection of the lanthanm .+ 

samples can avoid this difficulty. 
.A 

One oi' the most attrrrctive features in the T.T.A, method is that the' 
plutonium is extracted into R benzene solution free of' other*inorganic 
materiala, This solution containing, the plutonium can be evaporated 
directly and counted after fltiiaing off the small organic realdue,. ' 

pi ," 

40 Sumary, 
?., 

' Three methods are desoribed by which tissues may be ashed rruitiam for; 
(1) Viet ashine v.ith nitrio acid and hydrogen*'> 

peroxide, (2) a combination nitric acid bet ashing and-dry +ashing.prw,:: 
cedure and (a) a dry ashing procedure, 3ach procedure is descrlb&vk* 

Five general nethods for eztracting plutonium froa solutions or hi@*%*" 

chloroform, (2) hexone and (3) T.T,A,, all make use of a prelimh-arp :: 
precipitation prooedwe, The zirconium phosphate find bismuth phOs@~a& 

' -+ 
- f... 

' analysis for plutonium, 

. .._ connection u:ith the plutonium extraction procedure applied:. 
' . :. -<;. 3 .$% b A - 9 L1 

-'& 

salt content. The solvent extraction prooedures, (1) cupf erron- ' 1K.q 

precipitation extraction procedures are adopted directly to the tl$$kg,+;, I 

I .. - F- 

.. . 
i ash solution, 

7- '$*, &$*. 
All the analytical methods described \:ith the exception Of the TdT.Ao':;- 

lanthanum fluoride, 

1' 
I rsethod are dependent upon a final precipitation of plutonium with,"r 

. .L. ~ - "! 6. >I . 
5 . . . )*' 

1 +:-+&..: , , -*-.. - 
'\ 
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