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x. IxT~fO?l 

ham instituted at tho bs Ala-. Seiontr*ic 

trboratory a proqru for Cho eollution of 

ur1r.o srrplea fror mmp1g.s handlim plu- 

tnniu, 4nd fx btominlng the plotoni~ in 

.=Arm oridonem of aetu4l omrro as an 

4id in arqinaarinq eontrol of tho wrking 

mwirmmmnt. Sample crrrrtuination, diffi- 

crltios in .rp.rsttnq plotmiu fm thr 

8.mplas. and tho inforior alphr-coontiy 

syst.rrr of that d8t0, a11 tabdd to limit 

~vmraly tho nakr of analyns urd e!! vm- 

lldity of tho result.. 

th. o*.rall plutoniul, bioasny proprau 

ha# brm chanqd frua tir to tin, and thl8 

document dererlks tPe changes ekronoloqi- 

cally. dividing thoe for conwniona of Uis- 

cuialon into tar- ~roaa: urlnr-sacrplo -1- 

loctlan, radiockomlcal separation. and aI- 

pha-count inq ryatcs. 

11. URI.7-5AYPX.Z CSLLTCTOY 

Early in 1944, tho latm Wriqht k. &nu- 

tho- 8rpl.S. 4b 8t tho th U4S to 

trrly 1944 

Uzino ranploa werm colloctd on a ran- 

bamia dt wrK after tho erploy- narl 

pasod CLrouqh J dacrjntaminatlon s-r. 

ih. -1.s were eo1loct.d prlncfpally to. 

-rat. phtoniv Ira urinr. Cat. are ro- 

cordod for only 4 I.* urinr srrples durinq 

tbis poiid. 

9rd 1944 

Urine swplae wro wllutd on 8 24-h 

basisr 411 wino voided durinq tha day vas 

eo1l.ct.d in 'elman' amas aftor docontami- 

nation 0d a clothinq ch.nq.-. Ttm sinqlr 

Wttle 14. tahmn bar in tho mninq md 

rmtunud thr follauing morning. to ~blplotr 

hiqk rmaults wore probably c8US.d by arti- 

factual eantninatia of tk. .rrplra, plu- 

toniu and peloniu kinq handlod in tho 

8- ark 8raa. OM 3f tho roasons advanced 

for tho construcrion of a n# plutonl-nan- 

Ulinq facility was that :he bloraaay proce- 

durr -1d not that ti- diff8rmntlrCO 

ad.qurtaly &mn peloniwv and plutonium. 

Snrinq 194s 

collection of ccntaminatton-Crcr urine aim- 

p1.s. 

*??fhe :>* ar~;oyw 2 drys away from the 

wrkinu rnvirorrumt: this tin was to bo 

4.8i.t in th dml0-t Of 8 uthod +o 

t& 24-h eo118etm. 0ttrst-1 ~~t~iy 

A prorrrm vas institu:rd re 'Lnsuro' 

Tho flealth-Pas8 Hard procedura pro- 

eo00531 f 
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.Pent on vacation avay fron tos Alms. The 

Cmployca then reported to the hospital. where 

the Health-Pass Yard was located. he uw 

ployees stripped, shoverad, and went throuqh 

a chanqe'rcm in an effort to keep the area 

as free of contamination as poisiblo. The 

employeo VIS askod to discard his first 

voiding upsn ontering the ward and to collect 

all voiding. Cor the next 24 h. -fha minqle 

bottle8 ware prcvided with funnel8, and tho 

n.nc of each amployee was marked on tha sido. 

January 1948 

both tfne.and money) involved in libratins 

anplOYme8 for 2 days with pay. th. Bealth- 

Pass Uard procedure was mdified. The only 

tima off work was the 1 day during vhich th. 

urine aaaple vas collected in the lw8pit.l. 

February 1952 

The necessity OS sampling mare employ- 

COS awre frcpuently, and the unpleruntnmsa 

of &llec:inq urine for 24 h in a single 

bottle, led to a complete revision of the 

collection procedure. The Health-Pass ward 

vas eliminated, and each impled employe+ 

war, provided with a 'lunch kit' in which he 

VAS requested to collect the last widing 

bafors retiring and the first voicing upan 

arising for 2 consecutive days. Tha 'lunch 

kit' was a stwl, higged, thema-bottle 

typo lunch box containinq thrcr disposable. 

1-pxnt, 9lms bottles. The obje of the 

procedurr no to colloct the equivalmtt of 

a real 24-h sample. 

The -Xumh kits' were pick4 up from 

the Health ?hysies monitor aa the employee 

left the laboratory, and mere cxpoctod to 

be returned on the third day. Cpan receipt 

in the tioassey laboratory, the kits wrm 

washed, storillx&. filled with now 1-pint 

bott:ra. and return& t~ the Health PhySACa 

nonitor. 

Owing to the remarkable axpm.r (in 

Unfortunately. tke coc=rpt of collec- 

trzy four voi3xnqr In three bottles vas not 

accepts2 with qracc by SOM srployees, and 

SON sanples received obviously repraseneed 

r.0 norc than three voiclinqs instead Of the 

focr requested. 

2 

0000509 

.. 
I. 

.. ~ 

January 1958 

..... 
.. 

........... .- . - 
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In an effort to solicit nore favorable 

employoo coop.ratfpn, a four-bottle kic was 

introduad. The kit was a disposable card- 

board carton vith a handle, similar to thasc 

used to markat many CAnn8d and battled ires: 

it contained four 1-pint dirpos.ble qlasr 

bottles. Use of this kit obviated the ne- 

ces8ity of cluning and reu8e of any itom. 

was mora sanitary. The bottlos provided one . 

centaiaer for eaeb voiding reqvested, and 

the cantents -re nearly approached the vol- 

u4y Of trim 24-k .ample. . '-- . . ' . ' 

.- 

..- .- -- 
-_ 

rqrin r8duc.d potential contamination, and .. 

... 

This mathod is still in use today to 
pmvido prim samples from all- -1-s . .- 

schduled For routine plutonium bio88s.y. . .. 

The urine sampling and analysir~prvgram uas 

revimd in 1969:' the study indicatu! that 

tha individual analytical result8 vere dis- 

tributed log-noraully vith a geometric 

staneard dwiation of 1.9. 

In recent years. volume and specizic 

gravity have bean determi red for each 24-h- 

equivalurt urine ample: creatinine is de- 

termined on seluted sampler. All schedul- 

ing is mu carried out on electronic data- 

pracmssinq equipment that producer the no- 

tice to the employw, the urine-kit label. 

the laboratory notebook paqe, and the nec- 

essary data carbs.tor processing tho ana- 

lytical result. __._ ..-- 

tionship OS plutonium excretion. and timu, 

special mmples are occasionaXly collected. 

Such samples, requested only of coopmrativc 

employees knom to excrete measurable amounts 

of plutonium, atpresent all voidinqa durinq 

a 3-day period. The selected employee is 

pr0Vid.d with threa kits: each Of the twelve 

bottle#-has on its lid a sticker with- I 24-it 

chck printod on it, and the crplop is 

asked to mark the lid to indicate the period 

over which the urine in that bottle vas ccl- 

1 ectad. 

... 

In an offort to invmstigate tho rela- 

When the kits are re:urned to the bio- 

asray 1dbbratOq, t??5 Zt.d\yZ: ¶e:+CtS the 

set of widfcqr that most closely regresects 

.... 

L-- 
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a 24-h sample: masures the volume. tempera- 

ture, and qecifi: gravity of each indiviCua1 

sample and of the conbined 24-h ruaple; and 

proceeds with the analysis. 

have suqqested that it is possible to correct 

urine saaples from the employee population 

of this laboratory to a calculatrd 24-h- 

equivalent ample, the correction being valid 

if the actual urine volrrmt apprO-t.8 that 

of a 24-h sample. 

Studies on such carefully tined samples 

111. RADIOCHMICAL SEPARATION . 

Early 1944 

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 ashcd to white 

ncs5 with additional nitric acid, and the 

ash was transferred to stainless steel 

plates. The plates were counted on a gas- 

flmw counter of unknown geometry and back- 

ground. It is probable that urine samples 

were occasionally contaminated vith siqnif- 

icant amounts of polonium. 

Fall 1944 

The first procedure used for detemina- 

30 dis- 

. 

Wright Langhm described a procedure 
2 

, 
for determination of plutonium in urine. 

The urine was evaporated to drynms8 in th 

presence of nitric acid: after the 8sh W8¶ 

whitened by heating vith additional nitric 

acid, it was dissolved in dilutm acid, and 

the plutonium witn iron carrier vas ex- 

traztcd by cupferron in chloroform. The 

chloroform extract was evaporated to dry- 

ness, the residue was ashed by heating with 

nitric and prchlarrc acids, and the plu- 

toniur wa5 carried fron a dilute acid solu- 

tion on lanthaium fluoride. The lanthanum 

fluoride precipitate wds ccntrifuqed don 

and slurrieC on 1.25-111. diarcter stainless 

steel plates. 

slqnificant 109ses pay have occurred during 

Comnants in thc! nctebooks indicate that 

GOO05 i 0 

.. .- . . .. .. ... . - 

the evfporation with nitric ACU benuuse of 

occasional violent exothermic reactions, . 

called ~flafes: Recoveries of 82-31 vith a 

standard deviation of 19.4% vere used to in- 

October 1949 

vas churged to the bismuth pho8phatrlanth.- 

nua fluoride moria1 coprecipitation F~OCO~U- 

descrikd by urine w.8 waporatd 

to dsyaoss in tho presence of nitric acfe!. 

Tbe resfduo u1s whitened by hating with 

additional nitric acid and dissolv-d in 6.i- 

lute acid fran which plutonium was coprecap 

itate& with bfswxth phospluta. TRe bismuth 

phorphtr precipitate was dissolved in dilute 

acid from which plutonium was a9ain 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%. 

geated that it was possible to eliainate the 

lengthy and expensive evaporation of large 

wlumes of urine and nitric acid. Instead, 

plutoniua could be carried directly on a 

voluminous precipitate of alkaline-earth 

phosphates and bismuth phosphate. 

accomplished by acidifying the urine with 

nitric acid to destroy any weak ennplexeo of 

plutoniu8 with urinary constitumnts, adding 

a bismuth carrier, and making the entire 

urine solution alkaline with ammonia. This 

procedure qaw more constant plutonium re- 

coveries without afftctir.q the blank. The 

rest of the procedure was unchanged, 

Zanuary ?957 

tcrpret the data. .. 
. .. 

The radiocheniul-separation pmcadurr 

Radiochemical recoveries during this 

Investigation sug- 

nis was 

In an effort to increase the scnsitiv- 

icy of the overall bioassay procedure. a 

ch&,-p was effected to thc nuclear-track 

nethod at alpha countinq di described by 

Schvendiman and Healy.' This vas concurrent 

with a cmplere change in radiochemical-sep- 

aration techniques. The method xncluded a 

%-- 
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bismuth phosphate precipitation, followed by 

an alkaline earth-phosphate precipitation. 

The latter precipitate was ash&, the residue 

was dissolved in dilute acid. and the lantha- 

num fluoride coprecipitation was used, fol- 

loved by a thenoyltrifluofiacctone (TTA) pu- 

rification step. A back-extract of the or- 

ganic phaso was evaporated to dryness and 

dissolved in a suitable electrolyte, and 

plutcnium was electrodeposited on 0.5-in. 

dimetor stainless steol disks preparatory 

to 8lphr counting. 

laboratory personrel wre found to contain 

0.007 2 0.005 dis/min (avcraqe 2 1 si-) 
with recoverice of 70.7 f 17.2\ (averago 2 1 
aigmr) during 1959-66. 

1963 

A comparatively simple ion-exchange 

separation procedure' superseded the coprc 

eipitation-RA procedure. Plutonirn! was car- 

ried directly from the urine on an alkaline 

earth-phosphacc precipitate. The precipitate 

was ashed with nitric acid and dissolved in 

7.2: nitric acid. From this solu+ion, plu- 

tonium was separated on an anion-exchange 

resin (BioRad At 1 X 2). Plutonium retained 

on the column vas reduced with hydroxylamine 

and hydriodic acid and eluted with dilute 

hydrochloric acid. The plutonium-containing 

eluate was evaporated and dissolved in a 

suitable electrolyte, and tfte plutonium was 

electrodeposited for nuclear-track alpha 

(MA) counting. The average reeovery for 

this period was 84 2 14% (averaqo 2 1 sigma). 

been -difiedI 

quantities is added to the ash solut'm be- 

fore the ion-exchanqe step to ensure foVZ- 

:io? of tetravalent p1atonrum: elution is 

accomplished vith 0.362 HCL-0.01; HI- 

ment has allowel tte t:se of internal stand- 

ares. 

which prove; rerarrably helpful for several 

years. ?nvestiqaticns ta-~c s!?oxr: :kat Pa, 

rather tta? 236f'u, is more useful for tvg 

Urine 'blanks' collected fraa bioassay- 

- 
. 

fn 1972, the method described has 

Hydtoqan peroxide in 8rd? 

The advert of alpka-spectrmctry eqSiP- 

T:.c 'irsc ptiltoniu'I isoto?c was 236Pu, 

142 

- 
4 300051 f 

. ._ .- .. 
. >a_ - 
_. . .. .. 

._ .. 
. _. 

reasons. rirat. tho cosprtstively short 

half-life of 236~ and tha giovth of alptm- 

emitting daughter8 into it presont problems 

in calibration and puriCiutfoo. Second. 

use of 242Pu enabler the lrboratory to meas- 

ure 238~ with less interference from 'tail- 

ing' of tha cfuruteristic 236 peak when 

lesa than perfect platas ha*. beat prepared 

by el.cczod.position. Recovery factors 

aversqa ahoat 70%. 

m. ALppA-IlGsT~ 

1944 

The first vamstam-tnbe, open-vinb, 

qas-flow proportional counter used for count- 

ing plutonila in urine ash app.rently had a 

bdcqround of approrFP.toly 30 counts per 

mlmu (c/min). The counter efficiency was 

not knm, md the problem of aclf-absorp- 

tion must have been tremcndou8. 

Spring 1945 

ceived in .%y 1945. These proportional 

counters had been constructed by Halli- 

crafters *or the Chieaqo netallurqical Labo- 

ratory, and as originally received had back- 

qrounds of about 1 c/!!!in and efficiencies OS 

48 to 508 X&ification of tnesc COUnters, 

chiefly lininq the counting chamber with 

electrolytic copper foil, reduced the back- 

qroundt to about 0.1 c/min. Other similar 

countsrs fror Yuelear 3casurmnts Corpora- 

tion wre acquired, and by 1955. 16 counters 

veru beinq continuously used, an installa- 

tion that require6 the services of a full- 

tice cleetronics technician and counting 

technician for maintenance and operation. 

All sanolas were prepared on 1.25-in- din- 

eter stainless steel dishes and were counted 

ovemiqht (1900 ;.in). 

19 57 

.. 

-. 

Six Simpson alpha counters vcce re- 

- 
the NTA method of counting plutonium 

was adopted because of its increased inber- 

ert sensitivity and tecause it involved no 

electronic equipneat with the consequent 

problenq of maintenance. The principle in- 

voive-5 in \T& countinn was exposure of an 
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enulsion sensitive to alpha yar:icles to 

plutonium electrodeposited on 1/2-in. diam- 

eter stainless steel piates. 

sure, usually about 10,000 mtn, the photo- 

graphic emulsion was Cevelopcd, fixed. and 

examined under a microscope to determine the 

number of tracks. Strict control of expo- 

8Um3 conditions and of area counted yielded 

results of considerable sensitivity and de- 

pendabifity. 

. methd was about 0.005 dis/mia, and the 1- 

tr limit of sensitivity as determined vith 

blank urine sampler was esthted to k 0.05 

dis/laFa par sample at the 99% wnfidence 

lewd. It is interesting that even with 

this increased sensitivity, no new expe 

surrm war8 discovered, and pmviously deter 

mind urinuy-txcretion level. wet. con- 

firwd. 

1966 

After expo- 

The background of tho mA 

- 
Eight scintillation counters employing 

the alpha-eounticg technique described by 

Hallden and Harley6 were constructed by the 

LASL Electronics Group, P-1. These el=- 

tronic counters vere simple and easy to 

maintain. The electrodeposited plutonium 

was placed in contact with a silver-activat- 

cd zinc sulfide phosphor coated on a thin, 

?-/i-in.-diametcr plastic sheet. A suitable 

photmultiplier tuba was placed in contact 

with tho plastic sheet, through which it 

-saw' the flashes resulting from impingement 

of alpha particles on the phosphor. This 

procedure precluded the possibility of con- 

taminating the active voluaw of the detec- 

tor, and gave lor and reprvduciblm back- 

ground counting rates, generally 0.01 2 

0.006 c/min with an efficiency of 45a. K~ss 

and Campb.ll' have compared the NTA counting 

technique and the zinc sulfide scintillation 

coun tor. 

1967 - 
During 1966, many of the plates counted 

by the irrA method an& on scintillation 

counters were recounted using an alpha spcc- 

tromctcr. Whtn sufficient confidence in 

alpha spectrometry had been aatabiiShed, t*O 

400-channel analyzers with four detectors 

f- -. 
- _. $-'- 

-_ 
.- 

for each.unit werr'acquited and put in oper- s- 
P -- 
L. ation. 

vantages: the possibility of neasuting 

23a~, an isotopr of increasing interest, 

and tha possibility of determining the re- 

cwery or yield of the radiocheetical steps 

by uw of UI intmmrl.stmdard, 236Pu. -Whoa ..... 

Alpha mp.ctramctry affords tuo ad- 
... .- 

t 
& 

i -: 
. I 

silicon gurf8crbarrimr detectors ire used .. 

27%. the background-for each plutonium 1- 

top. is 0.003 2 0.003 chin. 

~h.n the internal. 236~ standard vas 

us&, it became rvidmt tht recoveries (or 

yield.) fm Individual urine rmples may 

differ significantly even when run at the 

.u. ti# un&r the smn conditions. 

may bve been fortuitously high-or law de- 

pending upon swcral factors, including the 

selection of the individual providinq a 

'blank' urine sample. 

in determining yields, blank urine samples 

nra of little value in attempting to eval- 

uate the significance of results- Reagent 

blanks, hovever, may be significant, and 

they were run regularly, as a matter of pru- 

dence. These blanks shldom exceeded the up- 

per limit of the confidence level of the 

counter backgmund. 

1971 

md Oper8tbn f8 at 8 CODPt8Dt efffCienCy Of 

Tlm extara8l.eontrols used previously a- 

Because internal control vas effective 

-. 
A 16-det.etor alph-a?pectrometer system 

was Installed, together with a multichannel 

analyzer. A cumulative 3-month average 

background spectrum was used for converaian 

of gross counts to net counts. 

cumulativeaverage detector efficiency, 

determined daily on each detector, vas used 

to convert net counts to disintegrations. 

An efficiency of 273 was maintained in each 

12-channel band. measuring plutonium 236, 

238, 239-40, and 242, respectively. 

Input data to the computerized data- 

A similar 

handlinq system Included the volume of the 

sample, its specific gravity, and the amount 

of 236pU activity added t3 it. The slope of 

rhe low-energy side of tne "'~u peak was 

computed, and if the spectrum vas so 

5 - -- - 
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dcqruled that the slope was less than 0-67 

the results were considered not coQpletciy 

valid. Pmcoveries of <4Ot are not usd. 
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