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1. I ~ ~ I O n  

h a  institutod at tho b8 A l m s  Scirntt*ic 
Laboratory a program for tho c o l l u t i o n  of 
urino saaplom r w  0mpig .0  hndiinq piu- 
tnnim, 4nd f x  bteraininq the  ph+orri\lr in  
thoso .ampla.. *#a aim at the e- wa. to 
asquiro ovidonco of actual onposwro e8 an 
aid In winwrinq control o t  th uorkinq 
owitonme. Smplo contuinatiol) ,  difii- 
e r l t i o o  in  seporatinq p l u t o n i u  I r a  thr 
o , ~ l e o ,  and tJm tnforior a l p h r a o r a t i y  
systems of that Qatr. a11 tmdd to lirit 
sevmrwlp tho n r d . r  o l  analyses end tho vo- 
l i d i t y  of tho rosul ts .  

has boon c h n q u l  from tiam to ti-, and t h h  
docuwnt d8rcriks t h o  chJng.S ehronoloqi- 
cally. dividing t h w  for convmionc* of  di8-  
cuss ion in to  tkrme 3rma.t urine-sample -1- 
loctlcm, radioek.aica1 sop.raC1on. and a1- 
pha-countinq r y s t c s .  

XI. URf8T-SAYPU CCLLrCIOY 

Early 1 9 4 4  

20 barnis a% YorR a t t t r  t h o  e q l o y m  ha4 

PES& throuqh a decontamination sh4Y.r.  

t r r l y  in 1944, tho l m t m  Ytiqht k. b n q -  

fh. OVOr.11 pfutoniu biM8-y propram 

Urino manplos wtrm co1Ieet.d on a ran- 

Tho ..rp108 wro colloetrd principally t o ,  

e8si.t in tho U m l o p r n t  of a mothod to 
-parato plutonirr Irm urino. Cat. aro ro- 
cordad for only a fou urinr sampler durinq 
t h i s  pried. 
mare), 1944 

Urine ..*phO Wrr c p l h c t a d  on 8 24-h 
b.8i.t a11 U t i -  Wldd during the day W e 8  

c o l l o c ~  fn oeloen- a n a s  attor docontrl- 
nation and a clothinp W a g . ,  
bolt18 was t0k .n  bor in r)u M i r y  and 
r.curnot! t b  fo l lor inq nmrning to corplocr 

hiqk rosulto -re probably causod by a r t i -  
factual contomination or tho saplo., plu- 
t on iu  and polonim k i n q  h a d l o d  In  t h o  
s . w  work area. O m  3f t h o  roau+ns advanced 

for tho con8truction o l  a new plutonl-han- 
d l i n q  facility was th8t  tha biorsaay proca- 
d u m  r w l d  noL that  t h o  difforontiate 
adequately ktwom poloniwt and plutonium. 
Sprinq 1945 

eo l loc t lon  of car:tamination-Crer urlnr s m -  

p h s .  

*.'!C.C :% rrpltyar I day .  away f r a  t h e  

workin- e n v l r o m n e :  t h t s  t h o  was t o  bo 

Tho sinqlr 

W 24-h C O l l O c t i ~ .  OctaSi-1 . X t m l r  

A prmran was 1nstitu:od c-6. 'tnsuro' 

??to Flealth-Para Hard procedure pro- 
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s p e n t  on vaca t ion  away f r o n  Los A l a m o s .  The 
employee then reported t o  t h e  h o s p i t a l ,  where 
t h e  Health-Pars "lard u a s  located.  Tho em- 
ployee. s t r i p p e d ,  showered, and w n t  throuqh 
a chanqe scan i n  an e f f o r t  t o  keep t h e  a r e a  
as f r e e  of contamination a s  pois ib lo .  The 
enployoe w a s  askod t o  d i s c a r d  h i s  f i r s t  
voiCfnq upon e n t e r i n g  t h e  ward md to wl lut  
a l l  voiding. :or t h e  next  24 h. -Tho 8 i n g l o  
bottles w r o  prcvidad wi th  funnrl8.  and t h e  
name of each omployee WAS rnarkod on-6'. 8ido. 
January 19413 

Oviap to tho reaurkablo ( in 
b o t h  tim 8nd money) involved in l i k r 8 t i n q  
anployerr for 2 days wi th  pay, th. Health- 
P a s s  Ward procedure w a s  m d i f i o d .  Tho o n l y  
tfmo off work was t h e  1 day d u r i n g  which tho  
U r i l u  8-10 Y.8 COlleCtCd i n  t h r  bo8pitrl. 
Febtuary 19151 

The n e c e s s i t y  of sampling more employ- 
eo8 war. f requent ly ,  and tho unpleasantnoss  
of col lec 'c inq u r i n e  f o r  24 h i n  a s i n g l e  
bottlo, lod to  a complete r e v i s i o n  of t h e  
c o l l e c t i o n  procedure.  The Health-Pass Ward 
w18 e l h i i n a t a d ,  and each sampled employeo 
wan provided w i t h  a 'lunch k i t "  in which ho 
w a s  requostod t o  collect tho l as t  void ing  
bofore  r e t i r i n g  and the first void ing  upon 
a r i s i n g  f o r  1 c m a a c u t i v e  days. The ' lunch 
kit' was a 8twlr hipgod, theniw8-bot t le  
t y p 8  lunch box c o n t a i n i n g  t h r e e  d iaporablo ,  
1-p in t ,  gla.8 b o t t l e n .  The o b j o c t  o t  tho 
proeedurw n 8  to  c o l l o c t  t h e  .qu iva lm+ of 
a r o d  24-h sawplo. 

Tha 'lunch k i t s '  w e r e  picked up 2- 
t h o  Hoalth Mtysics monitor a. t h o  e q l o y o a  
left tho  Lalwratory,  and were expoctmd to  
be returnod on t h e  t h i r d  day. Upon r o c a i p t  
i n  t h e  t l o a s ~ y  l abora tory ,  t h e  k i t s  W ~ O  

washed, m t o r i l i z d ,  f i l l e d  wi th  neu 1-p in t  
bott:sr, and raturnhd t3  the Health Pkysics 
monitor. 

OnCortunately. t h e  coc=spt  of collec- 
t i n y  f o u r  ~ 1 3 i n g s  i n  t h r e e  kettles was n o t  
accepted v i t h  qface  by some e q l o y w s ,  and 
som smplcs receiver! nbvrourly represent8d 
no  n a t e  than t h r e e  voidinqs i n s t e a d  of t h e  
low requested. 
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January 1958 
In a n  e f f o r t  to  so l ic i t  more favorable  

employee cooporat ion,  a f o u r - b o t t l e  kic vas 

introduced. The k i t  was a d i sposable  card-  
board c a r t o n  with a handle ,  simrhr to those 
used t o  markot many canned and bottled LteFs: 

it conta ined  f o u r  1-p in t  d i sposable  g l a s s  
battlos. Us. of t h i o  k i t  obviatod t h e  ne- 
c e s s i t y  of cloaninq and r e u s e  of any i t e m .  
eg8in rsducod p o t e n t i a l  contamination, and 
Wa8 more s a n i t a r y .  The b o t t l o s  provided one 
c o n t a i n o r  for  oach void ing  requested, and 
the contonts  mor. noar ly  approached t h o  vol-  
u a ~ ~  of a t r u e  24-h sample. 

This mothod is  st i l l  i n  use  today to 
provide  u r i n e  samplus from a l l .  asployees 
schodulod for r o u t i n o  plutonium bioassay.  
T?to ur ine  sampling and a n a l y s i s  program was 
revi.wad i n  1969:' t h e  s tudy  i n d i c a t e d  t h a t  
the i n d i v i d u a l  a n a l y t i c a l  r e s u l t s  w e r e  d i s -  
t r i b u t e d  l o p n o r m a l l y  wi th  a geometric 
s tandard  devia t ion  of 1.9. 

g r a v i t y  have bean de termi led  f o r  each 24-h- 
equivalent ur ino  sample: c r e a t i n i n e  is de- 

t e m i n o d  on s o h c t e d  saiwplos. A l l  achedul- 
ing is llov c a r r i e d  o u t  on e l e c t r o n i c  data-  
processinq aquiprasnt t h a t  producer t h o  no- 
tice t o  t h o  omployeo, t h e  ur ino-k i t  label. 
the l~bor8 toy  notebook -90, and tho  nec- 
8 S s . V  dat8 c a r d s  tor processing t b  ana- 

I n  recent years ,  volumc and speciiic 

lytic81 rem&+, ~. 
In an offort to  i n a s t i g a t e  t h o  rela- 

t i o n s h i p  of p l u t o n i t u  e x c r e t i o n  and timu, 
special samples a r e  o c c a s i o n a l l y  c o l l e c t e d ,  
Such n.mple8, requested o n l y  of cooperative 

c m p l o v a  known to excrete measurable amounts 
of plutonium, r e p r e s e n t  a l l  vo id ingr  dur ing  
a 3-day period. The s e l e c t e d  employee is 
providmd w i t h  t h t n  kits: t a c h  o t  t h e  t v e l v b  
bottles-has om its i i d  a sticker wi th  3 24-h 
clock p r i n t e d  on it, and t h e  erployao is 
asked to m r k  t h r  l i d  to  i n d i c a t e  t h e  per iod  
over  which t h o  u r i n e  i n  t h a t  bottle was c o l -  
Iuctad.  

Hhen t h e  k i t s  a c e  returned to t h e  bLo- 
a58ay Iabnr8ta~ ,  t h s  3Ealy:t sclacts t h e  
set of void icqs  that  W s t  c l o s e l y  r e p r e s e n t s  

* 
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a 24-h sample: rceasures the volume, tempara- 
ture, and specifiz gravity of each indiviCua1 
sample and of the conbined 24-h sample; and 
proceeds with the analysis. 

have suqqested that it is possible to correct 
u r i w  samples from the employer population 
of this laboratory to a calculated 24-h- 
equivalent sample, the correction b d n q  valid 
if the actual urine volume approximate. that 
of a 24-h sample. 

111. RADIOCHEMICAL SEPARATION . 

Studies on such carefully tined samples 

Early 1944 
Tho first procedure usod for detennina- 

tion of plutonium in urine was simply an 
evaporation and drying technique. 
cussions of the procedure are recorded in 
available notebooks of the time. Urine was 
evaporated to dryness in the presence of 
nitric acid, the residue was ashed to white- 
nens with additional nitric acid, and the 
ash was transferred to stainless steel 
plates. The plates were counted on a gas- 
flew counter of unknown geometry and back- 
ground. It is probable that urine samples 
were occasionally contaminated with signif- 
icant amounts of polonium. 
Pqll 1944 

for detennlnation of plutonium In urine. 
The urine was evaporated to drynosm in tho 
presence of nitric acid: after th. ash was 
whitened by heating with additional nitric 
acid, it was dissolved in dilute 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 acids, and the plu- 
tonium was carried from a dilute acid solu- 
tion on lanthaium fluoride. The lanthanum 
fluoride precipitate was centrifuged down 
and slurrieC on 1.25-in. diareter stainless 
steel plates. 

?Io dis- 

Wright Langham described a procedure 
2 

, 

Comants in the notebooks indicate that 
slqnificant losses may have occurred during 

8 0 0 1 7 3 4  

. .. ; . .-L .. 
- .  . -  

the evaporation with nitric acid bocause of 
occasional violent exothermic reactions. 
called "flares,' Recoveries of 82,3% vith a 
standard deviation of 19.48 vere used to in- 
terpret the data. 
Octobor 1949 

was chragd to the bismuth phosphate-lantha- 
num fluoride sorial coprecipitation Froccdure 
described by R u ~ d l . ~  Urine va8 evaporated 
to drynems in the presence of nitric acid. 
The residua was whitened by hoatlnq with 
additional nitric acid and disnolv-d in ui- 
lute acid from which plutonium was coprecip- 
itatad with bfstmath phosphate. 
phosphate precipitate was dissolved in dilutr 
acid from which plutonium was again coprecip 
itated, this tiroe 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. 
plutonium could be carried directly on a 
voluminous precipitate of alkalino-earth 
phosphates and bismuth phosphate. 
accoxaplishd by acidifying tho urinm vith 
nitric acid to destroy any weak mmplexes of 
plutonium with urinary constituorrts, adding 
a bismuth carrier, and making the entire 
urine solution alkaline with amnonil. This 
procedure q a w  more constant plutonium re- 

Tho radiochenical-separation procedurr 

The bismuth 

Radiochemical recoveries during this 
Investigation sug- 

Instead, 

This was 

cweries without affecting the blank. 
rest of the procedure was unchanged, 
Zanuary 1957 

ity of the overall bioassay procedure, a 
cha.qc was effect& to tho Euclear-track 
nethod of alpha countinq a8 described by 
Schwendiman and  heal^.^ Phis vas concurrent 
with a complete change in radiochemical-sep- 
aratlon techniques. The method included a 

The 

In an effort to increase tho sensitiv- ' 

3 
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bismuth phosphate precipitation, folloued by 
an alkaline earth-phosphata 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 thenoyltrifluoroacetona (TTA) pu- 
rification step. A back-extract of the or- 
ganic pha.8 was avaporated to dryness and 
dissolved in a suitable electrolyte,,and 
plutonim was electrodeposited on 6.5-in. 
diswter stainless steel disks preparatory 
to alpha counting. 

laboratory personnel were found to contain 
0.007 f 0.005 dis/min (average 2 1 sigma) 
w i t h  rocovaries of 70.7 f. 17.2t (average 2 1 
ai-) during 1959-66. 
1963 

A ccnnparatively 5impPle ion-exchange 
saparation procedure5 superseded the copre- 
cipitation-TTA procedure. Plutonium was car- 
ried directly from the urine on an alkaline 
earth-phosphate precipitate. The precipitate 
was ashad with nitric acid and dissolved in 
7.2M nitric acid. From this solution, plu- 
tonium vas separated on an anion-exchange 
resin (BioRad AG 1 X 2). Plutonium ratained 
on th8 column was reduced w i t h  hydroxylamine 
and hydriodic acid and elutad with dilute 
hydrochloric acid. The plutonium-eontaininq 
eluate was evaporated and dissolved in a 
iuitablr eloctmlyte, and the plutonium was 

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

rn 1912, the method described above has 
h e n  modified* Hydrogan peroxidm in smd? 
quantities is added to the aah solut'sn bo- 
fore the ion-exc:ianqe step to ensure forms- 
ti03 of tetravalent plutonium; elution is 

accomplished with 0.362 HCL-O.Oln_ H1. 

mcnt has allowed tke use of internal stand- 
arcts. 
which prove6 reFarPably helpful far several 
years. Tnvestiqations kavc shown that Pu, 
rather tta? 236Pu, ir more useful for two 

Urine 'blanks' collected fran bioassay- 

- 

The adver.t of alpka-spectrmatry CqUip- 

Tt.e *irst plotoniun isotope was 236Pu, 

2 4 2  

: . _  
. , I .  - 

. .  .. .. . .  
. .  

reasons. First, the copp.rativ.ly short 
half-life of 236Pu and the growth of alphr- 
emitting daughters into it presont problems 
in calibration and purification. Second, 
Us8 of 242Pu enables the labratory to meas- 
ure 238Pu with less interfcrencr from 'tail- 
ing" of the characterfstic 236 prak when 
less than perfect plates haw b..n prepared 
by 8lectrodeposition. Recwery factors 
avaragr about 708. 

N. WP3L-couUrIK SIs?U¶s 

1944 -. 
The first vacntnwtube, open-window, 

qas-flow proportional counter uaad for count- 
ing plutmiws in urine 8Sh aprently hid a 

minute (c/min). The counter efficiency vas 
not known, and the problem of self-absorp- 
tion m s t  have been tremendous. 

pclrqround O f  A p p r O X m t d y  30 COWltS per 

Sprinq 1945 
Six Simpson alpha counters vere re- 

ceived in !by 1995. These proportional 
counter. had been constructed by Halli- 
crafters -or the Chicaqo Metallurqical Labo- 
ratory, and as originally received had back- 
grounds of about 1 c/3in and efficiencies of 
48 to 50% Modification of these counters. 
chiefly lininq the muntin9 chamber with 
electrolytic copper foil, reduced the back- 
qrounds to about 0.1 c/min. Oth8r similar 
countars tmm nuclear 3easuremmtr Corpora- 
tion we- acquired. and by 1955, 16 counters 
were b d n q  continuously us&, an installa- 
tion that raquird the senvices of a full- 
tine electronics technician and counting 
technician for maintenanem and operation. 
All smmles  were prepared on 1.25-in, d i m -  
eter stsinless steel dishes and were counted 
overnight (1000 F i n ) .  
1957 - 

The NTA method of countinq plutonium 
was adopted because of its increased inher- 
ect sensitivity and tecausc it involved no 
electronic equipncnt with the consequant 
problem9 of maintenance. The principle in- 
voived in ?TA countinn was exposure of an 



. .  
. .  

.. 

- . 

. .  . .  - 

, .  

emulsion s e n s i t i v e  t o  alpha rarticles t o  
plutonium e l e c t r o d e p o s i t e d  on 1/2-in. diam- 
eter s t a i n l e s s  s t e e l  p l a t e s .  Af t6r  expo- 
s u r e .  u s u a l l y  about 10,000 min, t h e  photo- 
g r a p h i c  emulsion was ecveloped, f i x e d ,  and 
examined under a microscope to determine t h e  
number of  t r a c k s .  S t r i c t  c o n t r o l  o f  expo- 
s u r e  c o n d i t i o n s  and of  area counted y ie lded  
r e s u l t s  o f  cons idarable  m e n s i t i v i t y  and de- 
pendabi l i ty .  The background o f  tha W A  

methcd was about 0.005 dis/min, and the lw- 
er l i m i t  of  s e n s i t i v i t y  as determined w i t h  
b lank  urine samples w a s  es t f reated t o  lm 0.05 
dis/nin pmt sample a t  the 99% confidence 
l e v e l .  It i m  t n t e r e s t i n g  t h a t  even wi th  
th is  increased  s e n s i t i v i t y .  no nev e- 
mues were discovered,  and previous ly  d e t e r  
rain& u r i n l r y - e x c r c t i o n  levels were con- 
firwd. 
1966 - 

t i g h t  a c i n t i l l a t i o n  c o u n t e r s  employing 
the alpha-c0untir.g technique descr ibed  by 
Hallden and Harley' w e r e  cons t ruc ted  by t h e  
LhSL E l e c t r o n i c s  Group, P-1. These elec- 
t r o n i c  counters were simple and eamy t o  
maintain.  The electrodcpomited plutonium 
w a s  p laced  i n  c o n t a c t  w i t h  a s i l v e r - a c t f v a t -  
ed z i n c  s u l f i d e  phosphor coated on a t h i n ,  
l/i-in.-diawter p l a s t i c  s h a r t .  A s u i t a b l e  
p h o t d t i p l i e r  tub. was p1.c.d i n  c o n t a c t  
w i t h  thm plastic shee t ,  through which it 
"saw' the f l a s h e s  r e s u l t i n g  frcra impinq-t 
of alpha particles on t h e  phosphor. 
p m u r o  p r e c l u d d  the p o s s i b i l i t y  of  con- 
tamina t ing  the a c t i v e  voluma o f  t h e  d e t u -  
tor, and gave low and reproducib le  back- 
ground count ing rates, g e n e r a l l y  0.01 2 
0.006 c/min wi th  an e f f i c i e n c y  of  458. Moss 
and Campbell have compared the NTA count ing 
technique  and t h e  t i n e  s u l f i d e  s c i n t i l l a t i o n  
counter .  
1967 

This  

7 

- 
During 1966, many of t h e  p l a t e s  counted 

by t h e  *XTA method an& on s c i n t i l l a t i o n  
c o u n t e r s  were recounted us ing  an alpha S p c C -  

trotmeter. When s u f f i c i e n t  confidence i n  
dipha spectrometry had bzrn e s t a b i i s h d .  t*o 
400-channel a n a l y z e r s  wi th  four  d e t e c t o r s  

. .  
, . .  

* I  

r f o r  each u n i t  w e r e  acqui red  and put  i n  opar- 
! 
i a t ion .  Alpha spectromctry a f f o r d s  t w o  ad- 

vantaqos: t h e  p o s 8 i b i l i t y  of  m a s u r i n g  
23a,, an i s o t o p r  of i n c r e a s i n g  i n t e r a r t ,  

. .  
t 
4 

and t h a  p o s s i b i l i t y  of  dcteimining t h e  re- 
covery or y i e l d  o f  t h e  radLocheaica1 s t e p s  
by use  of an i n t e r n a l  s tandard,  236Pu. When . ,__ 
s i l i c o n  surface-barr imr d e t e c t o r s  are used 
and oprratioo is at a c o n s t a n t  e f f i c i e n c y  o f  
27%. t h e  background f o r  each plutonium iw- 

When the i n t e r n a l  236Pu standard was 

used. it became e v i d s n t  that r e c o v e r i e s  (or 
y i e l d s )  ftesll i n d i v i d u a l  u r i n e  r m p l e s  m y  

tope is 0.003 2 0.003 c/min. __. 

. -. 

d i f f e r  s i g n i f i c a n t l y  even when run at t h e  
sanae t i m e  under t h e  m u m  condi t ions.  

MY have been f o r t u i t o u s l y  h i g h - o r  law de- 
pending upon several f a c t o r s ,  including t h e  
s e l e c t i o n  of  t h e  i n d i v i d u a l  providing a 
.blank' u r i n e  sample. 

i n  determining y i e l d s ,  blank u r i n e  samples 
wart, of  l i t t le va lue  i n  a t tempt ing  to eval-  
uate t h e  s i g n i f i c a n c e  of  r e s u l t s .  Reagent 
blanks,  however, may be s i g n i f i c a n t .  and 
they  were run r e g u l a r l y .  a 5  a mat ter  of pru- 
dence. These b lanks  saldom exceeded t h e  up- 
per l i m i t  of the confidence l e v e l  of t h e  
counter  background. 
1971 

Thr external-controls used p r w i o u s l y  ~ 

Because i n t e r n a l  c o n t r o l  w a s  e f l e c t i v e  

- 
A 16-de t rc tor  alpha-spectrometer system 

was i n s t a l l e d ,  t o g e t h e r  with a inU1tiChaMd 
analyzer .  A cumulat ive 3-month average 
background spectrum w a s  used f o r  c o n v e r s i x i  
of gross counts  t o  n e t  counts.  A s i m i l a r  
cumulative-average detector e f f i c i e n c y ,  
determined d a i l y  on each d e t e c t o r ,  wa5 used 
to  convert  n e t  counts  to  d i s i n t e g r a t i o n s .  
An e f f i c i e n c y  of 27% w a s  marntained i n  each 
12-channel band, measuring plutonium 236, 
238. 239-40. and 242, respec t ive ly .  

Input  data t o  the computerized data-  
handl ing system included t h e  voluma of t h e  
sample. i t s  s p e c i f i c  g r a v i t y ,  and t h e  amount 
of 236pU a c t i v i t y  added to  it. The slope of 
rhe  'low-energy side of t h e  1 3 6 ~ u  peak was 

computed, and i f  t h e  spectrum w a 5  so 

. 
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I 
degraded t h a t  t h e  slow was less than 0.67  

t h e  r e ru lLs  were considered n o t  eorapletely 
v a l i d .  Pacoveries  of  < 4 O t  a r e  no t  u r d .  
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