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I .  I Y T ~ c t x m  Tho oamplao wro  collected p r i n c i p a l l y  t o  

ham i n s t l t u t o d  a t  the Los Al-s S c i o n t i * i c  
Irboratory a p r o q r u  for t h o  colhc?iOn of 
u r l a o  samples fror .nploy.ra handlins plu- 
t r m i u ,  and f x  dotortainlnq the  plotoni\rr i n  
t h O W  S.rp1.8. T?ii a h  at th0 t- Y . S  to 
aquiro  ovideneo of actual enponwro a0 a n  
aLd i n  enqinoeelnq control of th. wrkinq 
o l v i r o m 8 n t .  S v p l e  COnCUiMtion, d i f f i -  rution .nd a c l o t h i n q  ctung. ,  Tho s i n q l o  
crltios i n  . rp . racinp p l u t o n i u  troa tho 
r.mplos, and tk. i n f o r i o r  alpha-oountinq 
8yOt.# of t h a t  date. a11 tmtdod to ;hit 
s e v a n l y  t h o  n-r of a n a l y s e s  urd the v r  
l l d i t y  of t h a  r o o u l t o .  

%e o v o r a l l  plutonium b i o a 8 u y  program 
ha8 boen chanq.d from t h o  to  tho, and Chi8 SUY work ai... Onr 3f thw r o a ~ n s  a d v a n e d  
d o c w n t  d e m c r i k s  t h  changos chronoloqi -  for t h e  c o n r t r u c t i o n  of 8 n.y plutonium-hrn- 
cally. d i v i d i n q  tho* for convlnlencm of dim- d l i n q  facility uas t h a t  t h e  b l o r s a r y  p r o c v  
crrssion i n t o  r h z s r  3ro.a: u r i n e s a m p l .  col- d u r r  could noc t h a t  tino d i f f e r o n t i a r o  
lmctfon, r a d ~ o c h o m i c 8 l  s r p a r a t i o n ,  and al- adupaato ly  k t m n  polonium and plutonium. 
pha -count inq r y s  t W.S. 

Ear ly  I n  1944, t h o  l a t 8  Wriqht k. Un9-  #.dot i n  tho d m l o p r r n t  of a mothod to 
w p ~ t a t o  plu toni?r  f r a  ur ine .  Data a r o  rw- 
corded f o r  only a fou u r i n 8  8 4 1 . 8  d u r i n q  
t h i o  poriod. 
@r& 1914 

uti- smploo wore colloctrd on a 24-h 
baoior all urino voided d u r i n g  t b  day was 

eolloeted i n  'cloan' a n a 0  aftor d o c o n t r i -  

Jmtt l8  -8 t a k m  bow in tha  m i n q  and 
r e t u r n e d  tha f o l l o u l n q  morning to eolllpleto 
th. 24-h collection. Occartonrl ort-ly 
hiqh r e s u l t 0  wre probably cau88d by a r t i -  
f a c t u a l  c a n t m i n a t i o n  of tho  Oast$%l08, plu-  
toniurn and poloniu h i m  handlod i n  t h o  

9 r i n q  1945 
A prcrrrsn was I n s t i t u t r d  to "insure '  

11. URI"F-SAYPL& CCLI.TCIO?t 
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spent on vacation away fron Los A l m s .  The 
employee then reported to the hospital, where 
the Health-Pass Vard uas located. The em- 
ployees stripped, showered, and w n t  through 
a chanae r c m  in an effort to keep the area 
as free of contapination as possible. The 
enploycc was  asksd to discard his f i r s t  
voiding upon entering the ward and to collect 
all voidinqs for the next 2 4  h. -The single 
bottles wore prcvided with funnelm, and the 
name of each employee was marked on tho side. 
January 1940 

Ovinp to thu remarkable expenso (in 
both tine and money) involved in likratinq 
employees for 2 days with pay, tho Uaalth- 
Pass Ward procedure was modified. The only 
time off w r k  was the 1 day during which the 
urine s q l e  was collected in the hospital. 
February 1952 

The necessity of sampling more employ- 
ees more frequently, and the unpleaaantnesm 
of collecting urine for 24 h in a single 
bottle, led to a complete revision of the 
collection procedure. The Health-Pama Ward 
was eliminated, and each hampled employee 
was provided with a “lunch kit” in which he 
was requested to collect the last voiding 
before retiring and the first voiding upon 
arising for 2 consecutive days. The .lunch 
kit” w8s a steel, hinged, thermos-bottle 
typs lunch box containing three dispesable, 

procedurr wes to collect the equivalmt of 
a real 24-k saple. 

The ‘lunch k i t . ‘  were picked up from 
the Health Physics monitor as the ewployer 
left the laboratory, and were expocted to 
be returned on the third day. Upon receipt 
in the kioassay laboratory, the kits were 
washad, aterilizd, filled with new 1-pint 
botc:e?, and rscurnad t~ :ne i!salth Qhysicr 
nonitor. 

1-pint, glA8. bottles. The ObjeCt Of the 

Unfortunately, the corzapt of colloc- 
tiny fccr voidinqs in three bottles was not 
accepted vith qracc by 3ome errployem¶, and 
90-P sarF!es recelvel nbvious!y reprnsented 
r.0 FCrC tban t h r e e  v n l c ‘ l r i s  instead Of the 
foLr requested. 

. .  . . .  . : . -  
. .  

January 1958 
In an effort to solicit m r e  favorable 

employee cooparatian, a four-bottle kic was 

introduced. The kit was a disposable card- 
board carton with a handle, similar to those 
used to mrrkot many canned and bottled AteFs: 
it contained four 1-pint dispc8able glass 
bottles. Use of this kit obviated the ne- 
cessity of cleaning and rcuae of any item, 
again rsduced potential contamination, and 
was more sanitary. The bottler provided one 
container for each voiding rcquastcd, and 
t&e contents more nearly approached the vol- 
umo of A true 24-h sample. 

This nwthod is still in use today to 
provide urine samples from all employees 
scheduled for routine plutonium bioassay. 
The urine sampling and analysis program was 

reviewed in 1969;l the study indicated that 
tha individual analytical results were dis- 
tributed log-normally with a geometric 
standard deviation of 1.9. 

In recent years, volume and speciiic 
gravity have been determired for each 24-h- 
equivalent urine sample: creatinine is de- 
termined on selasted samples. All schedul- 
inq is now carried out on electronic data- 
praceasinq equipwnt that produces the no- 
tice to the employee. the urine-kit label, 
the labor8tory notebook pdqs, and the nec- 
essary data cards for procas8ing tho ana- 
lytical rosult. 

tionship of plutonium excretion and time, 
special samples are occasionally collected. 
Such samples, requusted only of cooperative 
employees known to excrete measurable amounts 
of plutonium, zepresent all voidinga during 
a 3-day period. The selected employee is 
providnd with thrca kits: each of tha t w e l v e  

bottlas ham on its l i d  a sticker with 3 24-h 
clock printmd on it, and the erployee is 
asked to mark the lid to indicate the perlod 
over which the urine i n  that bottle vas ccl- 
lected. 

In an 0Ciort to invastfgate tho rela- 

When the kit. are returned to the blo- 
assav l a h r a t a t y .  tho ,r.a?yz: sei.xts che 
3ct of voidicqs that m s t  closaiy repre-erts 

2 
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a 24-h sample: measures the volume, tempera- 
tare, and specifiz qravity of each indivieual 
sample and of the combined 24-h sample: and 
brocceds with the analysis. 

Studies on such carefully tined samples 
have suqqested that it is possible to correct 
urine samples from the employee population 
of this laboratory to a calculated 24-h- 
equivalent sample, the correction h i n g  valid 
if the actual urine volume approxinates that 
of a 24-h sample. 

111. RADIOCHEMICAL SEPARATION 
Early 1944 

The first procedure used for detennina- 
tion of plutonium in urine was simply an 
evaporation and drying technique. 
cussions of the procedure arc recorded in 
available notebooks of the time. Urine was 
evaporated to dryness in the presence of 
nitric acid, the residue was ashed to white- 
ness with additional nitric acid, and the 
ash was transferred to stainless steel 
plates. The plates were counted on a qas- 
flow counter of unknown geometry and back- 
ground. It is probable that urine samples 
were occasionally contaminated with siqnif- 
icant amounts of polonium. 

?Io dis- 

Fqll 1944 
Wright. Langham described a procedure 

2 for determination of plutonium in urine. 
The urine was evaporated to dryness in tha 
presence of nitric acid: after the ash was 
whitened by heating with additional nitric 
acid, it wa5 dissolved in diluta acid, and 
the plutonium with iron carrier was ex- 
tracted by cupferron in chloroform. The 
chloroform extract was evaporated to dry- 
ness, the residue was ashed by heating with 
nitric and perchloric a c i d s ,  and the plu-  
tonium was carried from a dilute acid solu- 
tion on lanthanum fluoride. The lanthanum 
fluoride precipitate was centrifuqed down 
and slurried on 1.25- in.  diarreter stainless 
steel plates. 

Comnants in the n c t e b m k s  inslicate that 
s~qnifica-t losses may have occurred durinq 

9e-l 

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

- 

the evaporation with nitric acid because 
occasional violent exothermic reactions, 

of 

called "flarea." Recoveries of 82.3% with a 
standard deviation of 19.4% were used to in- 
terpret the data. 
October 1949 

The radiochemical-separation procedure 
was changed to the bismuth phoxphate-lantha- 
n m  fluoride serial coprecipitation procedure 
described by R u s ~ l l . ~  urine was evaporated 
to dryness in the presence of nitric acid. 
The residue was whitened by bating with 
additional nitric acid and dissolv-d in ui- 
lute acid from which plutonium was coprecip- 
itated with bismuth phosphate. The bismuth 
phosphate precipitate was dissolved in dilute 
acid front which plutonium was again coprecip- 
itated, this time on lanthanum fluoride. The 
lanthanum fluoride coprecipitation was re- 
peated, and the final precipitate was slur- 
ried on a 1.25-in. diameter stainless steel 
plate preparatory to counting. 

period were 67 2 21%. 
gested that it was possible to elininate the 
lengthy and expensive evaporation of large 
volumes of urine and nitric acid, Instead,  
plutonium could be carried directly on 
voluminous precipitate of alkaline-earth 
phosphates and bismuth phosphate. This was 
accomplished by acidifying the w i n e  vith 
nitric acid to destroy any weak mmplexes of 
plutonium with urinary constituents, addrng 
a bismuth carrier, and making the entire 
urine solution alkaline with ammonia. This 
procedure qave more constant plutonium re- 
coveries without affecting the blank. The 
rest of the procedure was unchanged. 
Sanuarv 1 9 5 7  

Radiochemical recoveries during this 
Investigation sug- 

In an effort to increase the SensitLv- 
ity of the overall bioassay procedure, a 
chalqe was effected to t h e  auclear-track 
nethod of alpha countinq as described by 
Schwendiman and  heal^.^ This was ConcUrrent 
with a cosplete change in radiochemical-sep- 
aration techniques. The method includid a 
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bismuth phosphate precipitation, followcd by 
an alkaline earth-phosphate precipitation. 
The latter precipitate was ashed, the residue 
was dissolved in dilute acid, and the lantha- 
num fluoride coprecipitation was used, fol- 
lowed by a thenoyltrifluomacetone (TTA) pu- 
rification step. A back-extract of the or- 
ganic phase was evaporated to dryness and 
dissolved in a suitable electrolyte, and 
plutcnium was electrodeposited on 0.5-in. 
disqeter atainless steel disks preparatory 
tr: alpha counting. 

laboratory personnel ware found to contain 
0.007 2 0 . 0 0 5  dis/min (average 2 1 sigma) 
with recoveries of 70.7 f 17.21 (average f. 1 
sigma) during 1959-66. 
1963 

A comparatively simple ion-exchange 
separation procedure' superseded the copre- 
cipitation-TTA procedure. Plutonium was car- 
ried directly from the urine on an alkaline 
earth-phosphate precipitate. The precipitate 
was ashed with nitric acid and dissolved in 
7.2: nitric acid. From this solurion, plu- 
tonium was separated on an anion-exchange 
resin (BioRad AG 1 X 2). Plutonium retained 
on the column was reduced with hydroxylamine 
and hydriodic acid and eluted with dilute 
hydrochloric acid. The plutonium-containing 
eluate was evaporated and dissolved in a 
suitable @lectrolyte, and the plutonium was 

electrodeposited for nuclear-track alpha 
(NTA) counting. The average recovery for 
this period was 84 2 14% (average 2 1 sigma). 

Hydrogen peroxide in m a l ?  

Urine "blanks' collected fram biOa8My- 

- 

In 1972, the mthod deacribed above has 
been modified- 
quantities is added to the ash solution be- 
fore the ion-exchanqe step to ensure forma- 
:io-& tetravalent pl;l tonium; elution is 
accomp?.ished with'0.361;? HCL-0.015 HF. 

ment has allowed t?e \:se of internal stand- 
ards. 
which prove.; r e r a r k a b l y  h e l p f u l  f o r  several 
y e a r s .  I n ~ : e s t i - ~ a t i c n s  Cave S~CW:: that Pu, 
rather t t a ?  2 3 6 F u ,  

The advcpt of alpha-spectrometry eqnip- 

TFe =irst  p l u t o n i u r ?  isoto?s w a s  2 3 6 P ~ ~ ,  

142 

i c  norc useful for t w o  

reasons. First, the comparatively short 
half-life of 236Pu and tho growth of alpha- 
emitting daughters into it present problema 
in calibration and purification. Second, 
use of 242Pu enables the lahfatory to meas- 
ur4 238Pu with less interference from 'tail- 
ing" of the characteristic 236 peak when 
less than perfect plates have bean prepared 
by elccstrodeposition. Recovery factors 
averags about 70t .  

N. ALPPA-coowTI#G SYSRPIS 

1944 - 
The firat vacuum-tube, open-window, 

qas-flow proportional counter u r d  for count- 
ing plutonium in urine  ash apparently had a 
packqround of approximately 30 counts pet 
minute (chin). The counter efficiency was 
not known, and the problens of sclf-absorp- 
tion must have been tremendous. 
Sprinq 1945 

Six Simpaon alpha counters were re- 
ceived in May 1945. These proportional 
counters had been constructed by Halli- 
craftera *or the Chicaqo Metallurgical Labo- 
ratory, and as originally received had back- 
qrounds of about 1 c h i n  and efficiencies of 
48 to 5 0 1  Nodification of these counters, 
chiefly lining the cwntinq chamber with 
electrolytic copper foil, reduced the back- 
qrounds to about 0.1 c/min. Other similar 
counters from Ptuclear ?&rasuracmts Corpora- 
tion were acquired, and by 1955, 16 counters 
w e r e  b d n q  continuously used, an inatalla- 
tion that required the services of a full- 
tine electronics technician and counting 
technician for maintenance and operation. 
All sanrJles were prepared on 1.25-1n. d i m -  
eter stainless steel dishes and were coufited 
overn iqht  (1000 ria). 
1957 - 

The NTA method of counting plutonium 
was adopted because of its increased inher- 
er.t sensitivity apd because it involved no 
electronic equipnent wirh the consequent 
problens of maintenance. The principle i n -  
Y o i v e a  in 'iTA councinn was exposure of an 



emulsion sensitive to alpha -articles to 
plutonium electrodeposited on 1/2-in. diam- 
eter stainless steel plates. Aft6r expo- 
sure, usually akwut 10,000 rnin, the photo- 
graphic emulsion was Cevelopcd, fixed, and 
examined under a microscope to determine th8 
number of tracks. Strict control of expo- 

sure conditions and of area counted yielded 
result. of considerable senaitivity and da- 
pendability. 
method was about 0.005 dis/min, and the law- 
er l b i t  of sensitivity aa d e t o d n a d  with 
blank urine samples was e s t h t & d  to bo 0.05 
dis/min par sample at the 99* confidence 
level. It is interesting that even with 
this increased sensitivity, no new expo- 

sures were discovered, and previously deter- 
mine& urinary-excretion levels were con- 
finned. 
1966 

Eight scintillation counters employing 
the alpha-co&ir.g technique described by 
Hallden and Harley' were constructed by the 
LASL Electronics Group, P-1. These elec- 
tronic counters were simple and easy to 
maintain. The electrodeposited plutonium 
was placed in contact with a silver-activat- 
ed zinc sulfide phosphor coated on a thin, 
I/;-in.-diametcr plastic sheet. A suitable 
photamultiplier tube was placed in contact 
with the plastic sheet, through which it 
"saw' the flaahos resulting frara impingement 
of alpha particles on the phosphor. 
proc.dun precludad the possibility of con- 
taminating the active voluum of the detcc- 
tor, and gave low and reproducible back- 
ground counting rates, generally 0.01 2 
0.006 c/min with an efficiency of 4 5 % .  Moss 

and Campball' have compared the NTA counting 
technique and the zinc sulfide scintillation 
counter. 

The background of the NTA 

- 

Thia 

1967 - 
Durinq 1966, many of the plates counted 

by the XTA method and on scintillation 
counters were recounted using an alpha spec- 
trometer. When sufficient confidence in 
alpha spectrometry had bcdn e j t a b i i s i \ a d ,  

400-channel analyzers with four detectors 

two 

. .  . . , . . . .  . . .  . _ .  
I 

for each unit were acquired and put in oper- 
ation. Alpha spectrometry affords t w o  ad- 
vantages: the possibility of measuring 
23a~u, an isotope of increasing interest, 
and the possibility of determining the re- 
covery or yield of the radiochemical steps 
by use of an internal standard, 236Pu. 
silicon surface-barrier detectors are used 
and operation is at a constant efficiency of 
27&, tho background for each plutonium iso- 
tope ia 0.003 2 0.003 c/min. 

When tho internal 236Pu standard vaa 

used, it becaw evident that recoveries (or 
yields) from individual urine rimplc8 may 
differ significantly even when run at the 
same time under the same conditions. 

The external controls used previously 
may have been fortuitously high or low de- 
pending upon several factors, including the 
selection of the individual providing a 
'blank" urine sample. 

in determining yields, blank urine samples 
were of little value in attempting to eval- 
uate the significance of results. Reagent 
blanks, however, may be significant, and 
they were run regularly, as a matter of p a -  
dence. Theae blanks SeldGm exceeded the up- 

per limit of the Confidence level of the 
counter background. 
1971 

When 

Because internal control was effective 

- 
- A 16-detector alpha-spectrometer system 

was inatalled, together with a multichannel 
analyzer. A cumulative 3-month average 
background spectrum was uaed for conversim 
of gross counts to net counts. A similar 
cumulative-average detector efficiency, 
determined daily on each detector, was used 
to cunvert net counts to disintegrations. 
An efficrenq of 279 was maintained in each 
12-channel band, measuring plutonium 236, 
230, 239-40, and 242, respectively. 

handling system included the volume of the 
sample, its specific gravity, and the amount. 
of 236Pu activity added to it. The s i o p r  of 

rne low-energy side of t h e  "'Pu peak W ~ S  

computed, and if the spectrum was so 

Input data to the computerlzed data- 

8 0 0 6 ' 1 8 9  5 
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bcqradecl that the slope was less than 0.67 REFERENCES 
the resu1L.s vcre considered not caarp1e:ely 
valid. Fmcovsries of < 4 O I  are not US&. 
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