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HISTORY OF THL PLUTONIUM AIOASSAY PROCRAM AT THE )
LO. AZAPOS SCIPNPIZIC LABORATORY, 1944-1972 - - 1.~

NP S

A chronological dezcription is qliven . o
of the msthods used in the plutonius A T
bioassay progsiam at Los Alamos, :

Pl e T

Evan T. Campbell, “orris P, “illigan, william O, “oas, and !I;a:ry P, Schalte

N R L

mathods

of vrinsesample collection, radiochemical -~ -7 7 L TSET
separation, and counting are described T

brinfly,

I. INTRODUCTION

Early in 1%44, the late Wright ». lana-
has instituted at the Las Alamos Sclenti¥ic
Laboratory a program for the collection of
urine sasples froe smolovese handling plue
tonium, and fyr deternining the plutonius in
thaosa samglas. Tha aim at the time was to
avyuire avidence of sctual axposurs a3 an
ai2 in enginearing control of the working
srwvironment. Saaples comtamination, diffi-
cilties in separating plutonium from the
saaples, and the inferior alpha=-counting
systese of that date, all tended to limit
severely the number of analyses and Ne va-
lidicy of the results. -

The overall plutonium bicassay program
has been chanqged from tise to %ime, and this
cdocument describes the changess chronologi-
cally, dividing ther for convenisnce of dis-
cussion lnto three arsas: urine-sarmpls col-
lection, radiochemical separation, and al-
pha-counting rystecs.

IT. URIWF=SAMPLL CRLLFCTION
Early 1744

Urine samplas wers collected an a Tan-
dom pamia AT worx arter che erployes han

pasesd through a decontaminstion showsr,

$000501

The sampies were collscted principally to.
assist in the development of a method to
separats plutonium from urine.
corded for only s few urine sasples during
this pericd,
Mxrch 1944

urine samples wers collacted on 3 24-h
basisn: all urine wolded during the day was
colleacted in “"clesn” arwas after decontasri-
nation and 3 clothing changs.. The sinqgle
bottle was teken homw in the avening and
returned the following morning to complate
the 24=h collaction., Occasional extresmly
high results were probably caused by arti-
factual contamination of the samples, plu-
tonfum and polonium being handled in the
tiFa work area. Ona of the resscns advanced
for the construction of a new plutonium=-nan-

Cata are ra=

dling facilivy was that the bloassay proce
dure could pot that time diffearenziacs
adeauately between poloniuer and plutonium.
Sorimg 1%45%

A proaran was instituted %0 “iasure™
collection of coentaminaticon-frew urine sam-
plea. The Health-Pass ¥ard procedurw pro-
widad the Irpioyee I days away Irom the
working envirormant: this time was ta ba
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spent on vacation away from Los Alamos. The

employee then reported to the hospital, whers

the Health-~Pass Hard was located. ‘The am=
Ployees stripped, showered, and went through
a change resm in an effort to keep the area
as free of contamination as possible. Tha

smployee was askad to discard his first

voiding upon entering the ward and to collect

all voidings Zor the next 24 h. Ths singls
bottles were provided with funnels, and the

name of gach employee vas marked on the side,

January 1349

Owing to ths remarkable expenss (in
both time and woney) involved in liberating
employses for 2 days with pay, tha Health-
Pass Ward procedure wis modified. The only
time off work was the 1 day during which tha
urine sample was collected in the hospital.
February 1952

The necassity of sampling more employ-
cas mora f{requently, and the unpleasanthess
of collecting urine for 24 h in a single
bottle, lad to a complete revision of the
collection procedure. The Health=Pass Ward
was eliminated, and each sampled employes
was provided with a “lunch kit® in which he
was requested to colleet the last voiding
bafore retiring and the first voliding upon
arising for 2 consecutive days. The "lunch
kit" was a steel, hinged, thermos-bottle
typa lunch bhox containing three disposabls,
l=-pint, glass bottles. The obiject of the
procedure was to collect the equivalent of
a real 2i~h sample.

The "luneh kits” were picked up from
the Health Physics monitor as the erployse
laft the laborstory, and were expwcted to
be returned on the third day. Cpon recwipt
in the kicassay laboratory, the kits were
washed, sterilized, filled with new l-pint
botcles, and reacurnad to cthe Health Phywmics
monttor.

Unfartunately, the corzept of collec-~
tiny four voidings an three bottlew was not
accepted with grace by some erployeas, and
10re 3arples recelved nbvigusly reprasentcsd
ro mote than three voidings instead of the

four requested.

0000509

e p—— i — it

January 1958 .- .

In an effort to solicit more favorable
anployes cooperation, a four-bottle kic was
introducad. The kit was a disposable card-
board carton with a handle, similar to those

uzed to market many cannad and bottled items;

it contained four l-pint disposable glass
bottlas., Use of this kit obviated the ne~
cessity of cleaning and reuse of any jtem,
again reduced potential contamination, and
was more sanitary. The bottles provided one
coptainar for sach voiding requasted, and
the contsnts more nearly approsched the vol-
une of » true léi-h sample. o ’

This mwthod is still in use today to
provide urine samples from all. erplovees
schedoled for routine plutenium bloassay.
The urine sampling and analysis program was
roviewed in 1969:1 the study indicated that
the individual analytical results were 2is-
tributad loge-normally with a geometric
standard deviation of 1.9.

In recent years, volume and specilic
gravity have been determi ed for esach Z4-h-
equivalent urine sample; creatinine is de-
tersined on selscted samples. All scheduyl-
ing is now carried out on electronic daga-
Processing equipment that produces the no-
tice to the employee, the urine-kit label,
the laboratory notebook page, and the nec-
eosary data cards. for processing the ana-
lytical resmule, e A

In an effort to inveatigate the rela-
tionship of plutenium excretion and time,
special samples are occasiconally collected.
Such samples, requested only of cooperative
employses known to excrete measurable amounts
of plutoniom, represent 2ll voidings during
a 3-day pericd. The selected employee is
provided with threea kits: sach of the twelve
bottlas han on ltx 1id a stickesr with a 24-h
clock printed on it, and the erployee is
azked to mark the lid to indicate the period
over vhich the urine in thae bottle was col-
iected,

¥When the kits are rerurned to the bio-
asasay laboratory, ths =a=nalyst salacts the

set of voidirngs that most closaly represenca
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a 24-h sample: measures the volume, tempera-~
ture, and specifir qravity of each indivicual
sample and of the combined 24-h sample; and
proceeds with the analysis, ‘

Studies on such carefully tired samples
have asuggested that it is possible to correct
urine samples from the employee population
of this laboratery to a calculated 24-~h~
equivalent sample, the correction being wvalia
if ths actual urine volume approximates that
of a Z4-h sample.

III. RADICCHEMICAL SEPARATION
Early 1944

The first procedure usad for detsrmina-
tion of plutonjum in urine was simply an
svaporatien and drying technique. Mo dis-
cussions of the procedure are recorded in
available notebocks of the time,
svaporated to dryness in the pressnce of
nitric acid, the residue was ashed to whita-
ness with additional nitrie acid, and the
ash was transferred to stainless steal
plates.
flow counter of unknhown geometry and hack-
ground. It is probable that urine samples
ware occasionally contaminated with signif-
lcant amounts of polonium,
Fall 1944

Wright Langham described a procedure 4
for determination of plutonium in urinc.z
The urine was evapcrated to dryness in the
presence of nitric acid; after tha ash was
whitened by heating with additional nitric
acid, it was dissplved in dilute acid, and

Urine was

The plates were counted on a gas-

the plutonium with iron carrier was ex-
trazted by cupferron in chleoroform. The
chlaroform extract was evaporated to 4ary-
ness, the residue was ashed by heating with
nitric and parchloric acida, and the plu-
tanivm was carried from a dilute acid solu-
tion on lanthasum fluorida. The lanthanum
fluoride precipitate was centrifuged down
and slurried on 1.25-1n. diareter stainless
steel plates.

Comments in the notebooks indicate that

significant losses may have occurred during

Ga005:0

the cvipora:lan with nitric acid because of
occasional vioclent exothermic reactions,
called "flarex.” Recoveries of 82.1% with »a
standard deviation of 19.4% were used to in~-
terpret the data. :

October 194% ) .

The radiochemical-separation procedurw
was changed to the bismuth phosphate-lantha-
pum fluvoride serial coprecipitation procedure
described by Ruas111.3 Urine was evaporated
to dryness in the presence of nitric acid.
The rasidus was whitened by heating with
additional nitric acid and dissolv.d in aGi-
lute acid from which plutonium was coprecip-*
itated with bismgth phosphats. The bismuth
phosphats precipitate was dissolved in dilute
acid from which plutonium was again copracip-
itated, this time on lanthanuws fluoride. The
lanthamm fluoride coprecipitation was re-
peated, and the final precipitate was slur-
ried on a 1,25-in. diameter stainliess steel
plate preparatory to counting.

Radiochemical recoveries during this
period were 67 + 21V,
gested that it was possible to elininate the
lengthy and expensive evaporation of large
Instead,
plutonium could be carried directly on a
voluminous precipitate of alkaline-earth
phosphatas and bismyth phosphate. This was
scconplished by acidifying the urine with
nitrie acid to destroy any weak complexes of
plutonium with urinary conscituasnts, adding

Investigation sug-

volumes of urine and nitric acid.

a hismyth carrier, and making the entire
urine solution alkaline with ammonia. Thia
procedurs gave more constant plutonium re-
coveries without affecting the blank., The
rest of the procedurs was unchanged.
Januarv 1957

In an effort to increase the sensitiv-
ity of the overall bicassay procedure, a
cha.je was effectad to the nuclear-track
method of alpha counting as described by
Schwendiman and Healy.4 This was concurrent
with a corplete change in radicchemical-sep=-

aration tecvhniquas, The method included a

(™)
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bismuth phosphate precipitation, followed by
an alkaline sarth-phosphate precipitation.
The latter precipitate was ashed, the residue
was dissolved in dilute acid, and the lantha-
nurs fluoride coprecipitation was used, fol-
lowed by a thenoyltrifluoroacetore {TTA} pu-
rification mtap. A back-extract of the or-
ganic phase was evaporated to dryness and
dizsolved in a suitable electrolyte, and
pluteniym was electrodeposited on 0,.5-in.
dianeter stainless steel disks preparatory
to alpha counting.

- Urine “blarka™ collected from bicassay—
laboratory peraonnel were found to contain
0.007 + 0.095 dia/mipn (averags + 1 sigma)
with recoveries of 0.7 + 17.2%t (average + L
sigma) during 1555-=66.
1963

A comparatively simple ion-exchange

5

separation procedure” supersedad the coprew

cipitation-TTA procedure. Plutoniion was car-
ried dirvectly from the urine on an alkaline
earth-phoaphatc precipitarte. The precipitate
war ashed with nitric acid arnd dissolved in
7.3M nitric acid. From this soluzion, plu-
tonium waa separated on an anion-exchange
resin {RioRad AG 1 X 2), Plutonium retained
on the column was reduced with hydrozylamine
and hydricedic acid and eluted with dilute
hydrochlaric acid. The plutcnium-containing
tluate was evaporated and dissolved in a
sultable electrolyte, and the plutonium was
electrodeposited for nuclear-track alpha

{NTA) counting. The average recovery for
this peripd was 84 + 14% {average + 1 sigma}.

In 1972, the method described azbove has
been modified. Hydrogen peroxida in small
quantities is added to the ash sclurion ba-
fore the lon-ex:zhange step to ansure forme-
tion of terravalent plutonium; slution is
accomplished with 0.36M HCL-0.01M HF.

The advent of alpha-spectrometry equip-
ment has allowed the use of internal atand-
ards. The €irst plutoniun LSotone Was 236?-.:,
which prowe< rerarrably helpful for several

. I 242
years, Ipvestinaticns have shown that Pu

2
_36P

rather thran u, is more useful for two

. 9000511

reasons. Pirst., ths comparativaly shoret
talf-1ife of 2*¥pu ana the growth of alpha-
enitting daughters into it present problenms
in calibration and purification. Second,
use of 2‘2Pu enables the laboratory to meas-
ure 238?u with less intsrferencs from “tail-
ing® of the characteristic 136 pesk when
less than perfect plates have best prepared
by slectrodeposition. Recovery Iactors
average about TO%,

IV. ALPEA-COONTING SYSTEMS
1544

The first vacuum~tube, open-window,
qas-flow proportional counter used for count-
ing plutonime in urine ash apparently had a
packaround of approximately 30 counts per
minute {c/min). The counter efficiency was
net known, and the problams of self-absorp-
tion must have been tremendous.

Soring 1945

Six Simpson alpha counters were re-
ceived in May 1945. Thesae proportional
counters had been constructed by Halli-
craftere "or the Chicaqo Metallurgical Labo-
ratory, and as originally received had back-
grounds of about 1 ¢/min and efficiencies of
4% to 50% Modification of these counters,
chiefly lizning the counting chamber with
electrolytic copper foil, reducsd the back-
qrounds to about 0.1 c/min. Other similar
countars from Muclsar Measurerents Corpora=

tion
were
tion
tice

ware acquired, and by 1955, 16 councera
being continuously used, an installa—
that required the sarvices of a full-
electronics technician and counting

technician for maintenance and operation,
All samnles wers preparsd on l,25w-wn. diar-
eter stainleas steel Jdishes and were counted
overnighe {1200 min}. '
1957

The NTA method of counting plutonium
was adepted becayse af its inereased inker-
ernt sensitivity and because it involved no
electranic eguipment with the consequent
problems of maintenance, The principle in-

voivad in NTA countine was exposule of an
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esulsion sensitive to alpha ~articles to
plutonium electrodeposited on 1/2-in. diam-
eter stainless steel piat--- Aftsr expo-
sure, usugally about 10,000 min, the photo-
graphic emulsion was developed, fixed, and
examined undar a microscope to determine the
nurber of tracks. Strict control of expo-
sure conditions and of area counted yialded
results of considarable sansitivity and de—-
pendability, The background of tha NTA
-methoad wvas about 0.005 dis/min, and the low~
er limit of sensitivity as determined with
blank urine samples was estizated o be 0.05
gis/min per sample at the 99% confidence
It is interesting that even with
this increased sensitivity, no new expo—
sures were discovered, and previously deter-
mined yrinary-excretion levels wers con-
firmed.
1966
Eight scintillation counters employing
the alpha—codnting technique described by
Hallden and Harley6 were constructed by the
LASL Electronics Group, P-1.
troniec counters were simple and easy to
maintain. The electrodeposited plutonium
was placed in contact with a silver-activat-
ed zinc sulfide phoasphor coated on a thin,
1/ie=in.~diameter plastic shewt. A suitable
photooyltiplier tube was placed in contact
with the plastic sheest, through which it
“saw” the flashes resulting from impingemant
of alpha particles on the phosvhor. This
procedura precluded the posaibility of con-
taminating the active volune of the datec-
tor, and gave low and reproducibla back-
ground counting rates, genarally 0.01 &
0.006 c/min with an efficiency of 45%., Moss
and Campbcll’ have compared the NTA counting
technique and the zinc sulfide scintillation

level.,

These elec-

counter,
1987

During 1366, many of the plates counted
by the HWTA method and on acintillation
counters were recounted using an alpha apec-
trometer. When sufficient confidence in
aipha spectrometry had been establlished, two

400-channel analyzers with four detectors

0000512

i oo et - s
for sach unit were acguired and put in oper-

ation. Alpha spectrometry affords two ad-
vantages: the possibiliry of measuring
233

Pu, an isotope of increasing interestg,

and the possibility of determining the re-
covery or yield of the radicchemical steps

by usa of an intermal standard, 2365y, .when s
silicon surfsce=barriar detectors are used -
and gperation is at a constant efficisncy of
27%, the background for each plutonicw iso-

tope is 0.003 + 0,003 c/min. - R

When the 1nt¢rnal.23epu atandard was

used, it became evident that recoveries (or
yields} from individual urine rauwples may
differ significantly even when run at the
same time under the same conditions. -

The extarnal.controia used previously -
may have been fortuitously high.or low de-
pending upon several factors, including the
selection of the individual providiag a
“blank® urine sample,

Because internal control was effective
in detarmining yields, blank urine samples
wera of little value in attempting to eval-
uate the significance af results. Reagent
blanka, however, may be significant, and
they ware run reguolarly, as a matter of pru-
These blanks saldom exceeded the up-
per limit of the confidence level of the
countar background.

71

dence.

A l§-detsctor alpha=-spectrometer system
was installed, together with a multichannel
analyzer. A cumulative 3J-month average
background spectrum was usad for conversiasn
of gross counts to net counts., A simjilay
cumilative-average detector efficiency,
determined daily on each detector, was used
to convert net counts to disintegrations,

An efficiency of 27% was maintained in each
12-channel band, measuring plutonium 236,
218, 239-40, and 242, respectively.

Input data to the computerized data—
handling system included the volume 5f the
sample, its specific gravity, and the amount
of 2386py activity addad to it.

. 2R
the low-enerygy side of the "7 Pu peak was

The sjope of

computad, and if the spectrum was so
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degraded that the slope was lass than 0.67
the resulis were copsid-rcd not complately

valid. Pacaveries of <40} are not used.
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