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Abstract

The deposition of PuO, in the Tungs of an occupation-
ally exposed worker is characterized by assay for plutonium
in excreta samples and from in vivo measurements of 2*'Am in
the thoracic region. Chelation therapy by intravenous injec-
tion of 1 gm Ca-DTPA was initially performed shortly after
the incident and repeated using 0.5 gm of the chelate four
additional times in subsequent days post intake. Analysis of
the air sampler filter retrieved from the site of the exposure
identified the isotopic composition and particle size of the‘
plutonium matefia] inhaled by the worker.

Chelation with Ca-DTPA did not significantly reduce the
magnitude of the lung or systemic deposition as determinéd
from assay of plutonium in urine samples collected from the
worker. In vivo measurements for ?*'Am verify the retention
of the inhaled material in the lung and also indicate the in-
growth of an amount of 2*!Am as a daughter product of the

2%1py initially inhaled.

*This work was performed at the Pacific Northwest Laboratory
(PNL), operated for the Department of Energy by Batte11e '
Memor1a1 Institute.
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o Litt?g, if.any; p]utonium has been cleared from the
- body in the period following chelation treatment. Translo-
cation_of actiVity ffom the lung to the skeleton is examihed

by performing in vivo measurements for %#'Am in the head

C(skull)l o b
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-~ INTRODUCTION

A worker Waé'exposéd to a small quantity of piutonium.
while perform1ng a routlne press1ng, SInter1ng, and density
 ‘measurement of pluton1um dioxide pe]]ets in a glovebox. A

‘fatigue crack in a g]ove allowed a sma11 quantity of plu-

tonium dioxide powder tolbe released to the room when the
' :worker removed his_arm. “firo: the port: Contam1nat10n was _;f;
found on the worker s r1ght hand nostr11s, and protect1vev
clothing as well as the room f]oor and the exterior surface
of the glovebox. Following removal of the protective
clothing and containment of the skin contamination, the
worker was transported to the whole body counting unit for’
in vivo meésufements...w' '

Prefiminary ig_ngg_measurements of 1.3 nCi 2*'Am in
the anterior thorax indicated an internal depositién of
plutonium. - A]though plutonium was detected in ;pot urine
samples collected immedfate1y following the exposure inci-
dent, samp]es'obtained several hoﬁrs later were negativé
implying that some or all of the initial plutonium activity
may'have been due to external contamination. The cohcenf
tration of plutonium in the first fecal sample, collected the

day following the exposure, was approximately 30 pCi/gm.
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it - INTRODUCTION (contd.) - |
R " Decorporation therapy consisted of a series of five
injections wfth-Ce-DTﬁA administered intrapenously, one b_
gram be1ng glven short]y after the exposure and 0.5 gram ;
;of the cheIate g1von 1n four subsequent days° The inscluble
nature of the jnhaled_mater1a1 was supported py the lack of

.a;AenhanCed‘pringry\plqtonij_excretioolfoilowing chelation

Samples otfthe-fi]terqtrom the copttpuous'etp hoottor.7 
and the material being s1ntered in the glovebox were ana]yzed
by a chem1ca1 separation of p]uton1um and americium fo]lowed

:by alpha and mass spectroscopy to determine the percentage "
1sotop1c compos1t1on of the mater1a1 to wh1ch the worker

was exposed

MEASUREMENTS

- The isctopic coppositioﬁ of the PIutqnium and americium
activity on the aip sampier filter was measured by alpha,
mass, and gamma épectpometry.‘ The composite results of the
.atom percent and tﬁe alpha percent abundance of the plutonium
isotopes and 2*'Am are giVen in Table 1. The errors aséocif

ated with each measurement represent two standard deviations
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MEASUREMENTS (contd.)

ot atﬂthe 95% confidence level. The ratio of the total a]pha'
h‘_act1v1ty to zl”Am is approx1mate1y 11 to 1.
| Measurements of 2“1Am 1ocated 1n the ‘anterior: thorax

reg1on of the worker are used to determ1ne the pTutonwum

depos1t1on in the Iung since the rat1o of p]uton1um to

"”’?amerrctum-1n the 1nha1ed mater1a]'TSH:reS

. ‘M

-_x AR

572the a1r f1]ter anatys1s
The 1n vivo measurements are rout1ne1y performedvuslng
either of two scintillation detector systems. Each'system
is eouiva1ent‘in ouerall sensitivity for **'Am in the 1ung'
but employ dtfferent types of detectors. The basic Tung
. count1ng array uses .four. NaI(Tl) detectors connected 1n
| para]le], one pa1r~tn contact w1th the anterlor thorax and
.the other pair agalnst‘the posterlor thorax with a 1ayer

.of fabric from a canvas cot between the detector and

 subject (Pa77).

The second in vivo measurement system employed with'
this evaluation was a special system using two dual-crystal
phoswich detectors'[NaI(le/CsI(Tz)] placed in direct con-
tact with the anterior thorax of the worker. Although

only two detectors are employed in the special system, the

o



MEASUREMENTS (contd )

.‘3, operattng character1st1cs (1 e., lower background and 1m~
_ proved sens1t1v1ty) are equ1va1ent to the four detector
o array (Ne78) G

The phosw1ch detectors prov1de a measure of the uranium

and neptun1um L X- rays at approx1mate1y 17. KeV from the de-

f,h4 cay. of 2l”Am and p]uton1um wh1ch the four detector array

*“icannet.adequat Iy“ﬁetect - fn adﬂ:t1or='us1ng a l1ve=t1mc ?:d

computer ana1ys1s program the phosw1ch detector prov1des a.

mechanism"to reduce.the Tow energy contribution to the 2" 1Am

spectrum from Compton scattered photons due to the presence:'

of hlgher energy, gamma emitting nuclides in the body such

s *OK or ?37Cs for examp]e (Ne78).

- In add1t1on to measurements of 21’lllkm in the thorax the.h

phosw1ch detector array is uniquely empioyed to detect ac-

tivity that may have trans]ocated from the lung to the

“skeleton... lg_vivo measurements of 2*!Am in the head (skull)

can be usedtto estimate whether translocation from the 1ung
has occurred (Co77). The detection Timit for 2*!Am in the
skull, us1ng two detectors and a 30-m1nute countxng period

is 30 pC1 at the 95% confidence 1eve1
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Sema MEASUREMENTS (contd.) . o R B
o L Results of 28 sequent1a1 1n vivo thorax measurements for |
.;z“lAm depos1ted 1n the ]ung of the exposed worker are 11sted‘

"i]i{on Tab]e 2 and’ 111ustrated on- F1gure ] ..The net energy spec-

Vtrum Flgure 2 from an’ in v1vo thorax measurement made on

day 493 post 1ntake, shows a prom1nent peak in the zl”Am

W'”kﬂreglon. An overall systematxc,error‘f" approx1mate1y ]0%-for-— li? T

”:*each measurement was- determ1ned from“repct1t|ve countS‘pr1or:>T_;:rf_~_,
to which the detectors were repositioned on the worker' s '
thorax.l, |
k'Measurements of the worker's chest wall thickness have
been made using an u]trasound~unit operated with a phased
X ;‘array transducer The chest wall th1ckness for the worker . il .
Ce s T was 3 26 cm wh1ch»;sns1gn1f1cant1y greater‘than that ca]cu-kf ' : E
f,]ated from the re]at1onsh1p of Ramsden and Spe1ght (Ra67)
which employs a ratio of weight to height to estimate chest
wall thtckness for routine survey'coonts; The effect of
this additional attenuating tissue between the lung and the
detectors has been included in the evaluation of the worker's
internal deposition of 2*!Am.
An evaluation of the systemic deposition is performed

using measurements of plutonium in excreta samples and com-

I~
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’}'“ obtalned from the worker fo]lowxng the exposure The results ‘

MEASUREMENTS (contd )

par1ng the- e11m1nat1on w1th time to the metabo11c models for

" the nuc11de (La56 He57) Both ur1ne and fecal . samp]es were e

of the plutonlum analy51s 1n these samp]es are g1ven on Tables

3 and 4. No estlmate of error 1s 1lsted w1th each ana]yt1ca]

‘.“}Value because the,autorad1ograph1c.procedure used t0~detect

;the pluton1um a]pha partxcles 1n the e1ectrodepos1ted sampTes ff‘“‘b .

fo]]ow1ng chemical separat1on does not prov1de a mechan1sm for

'tracer analysis. However, based upon batch resu]ts and the

"evaluation of samples in which known concentrations of cali-

brated NBS ‘traceable plutonium activity have been-added, the

- overal] est1mate of error. 1s approx1mate1y +100% at the ]1m1ts .

' of detect1on ( 05 dpm) ’fflﬁfh ?A

ANALYSIS
Results of seqUential in vivo measurements of 241pm in the.
thorax indicate no significant translocation of the material

at 500 days post ‘intake. Since the isotopic composition of

the inhaled material includes 2*'Pu, the in vivo 2!Am mea-

surements require simple in-growth corrections. However, the

air sampler filter may_not adequately represent the isotopic

jco




: ;ANALYSIS (contd. ) S co R

‘w_composxt1on of the. matertaT wh1cr the worker 1nhaled 'S0 that

. the. correct1on app11ed to the in vivo. measurement may not be '

)::adequate.. A 1east square regress1on Tine: f1tted to the cor- B

"rected thorax measurements has & zero sTope wh1ch 1nd1cates
.that the 1sotop1c compos1t1on of 2%Am and 21”Pu on the air

fﬂterﬂ S: an: adequate‘ &

(sku11) count Trans]ocatlon of activity from the ]ung to.
the lymph nodes would not be detected from an in vivo thorax
measurement since the deposition sites cannot be differen-’
ttated with ]arge radius scintillation detectors. Trans]o;

catlon of act1v1ty from the 1ung to the 1ymph nodes by -

")' phagocytosrs coqu occur H0wever at th1s t1me approx1-3’w

mately 500 days post 1ntake the act1v1ty depos1ted in the |
lung appears to have an effective half-time much greater
Athan that assumed for typxca] Class Y mater1a1 _
Assuming 1.3 nCi of 241pm s depos1ted in the 1ung for
the year and the plutonium alpha to 24%1pm ratio is 12.5,fthe
dose to the lung would be slightly greater than 15 rem using

the ICRP dose ca]cu1ations.

|o

- &e—detectaole amount of z“rﬂm was measured i the head"""

“fmate 'o§that 1nha]ed by the«worker.-w ER
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' ANALYSIS (contd Yy
| Results of. radlochem1ca] analys1s for pluton1um ln ah1ne
"and feca] samp]es 1nd1cate that there 1s essent1a11y no sys— -
;A:»t}item1c depos1t1on of act1v1ty 1n the worker The 1nsolub1e |
Tﬁnature of the 1nha1ed mater1al, as determ1ned from in vivo

,measurements and the apparent 1ack of eff1cacy of the chela-

‘Ailtlon therapy 1mmed1ate1ft;f;if':'_m SO

"hretrospect' by*the urrne and‘fecat;pluton1um-excretTon resu]ts;

Approx1mate]y 15 nCi~ of p]uton1um a]pha mixture was inj-
tially 1nha1ed as a result of the accidental exposure. Assum—
ing a ma*imum plutonium concentration in feces (fot]owing
seven‘days post intake) of 0. 01-pCi/gm' the total activity
“,G:excreted, 1nc1ud1ng the f1rst week ‘post, 1ntake, was Tess than.
100 pC1 : Less than 10 pC1 of plut;htum was’ excreted‘1n ur1ne';ﬁh7”r-'&”:F»
3 wh1ch 1nc]udes the samp]es co]]ccted dur1ng the per1od of -
chelation therapy. That is to say, . less than 1% of the in-
“haled plutonium mater1a1 has been removed from the body in thet“
500 days post 1ntake. This fact characterizes the inhaled

material as extremely insoluble and supports the resu]ts ob-

tained by in vivo measurements.



COCONCLUSION. -

The mater1a1 to. wh1ch the worker was eyposed was ca101ned

at approxxmate]y 600° and was bewng subJected to h1gh pressure 1

Ry ,pretreatment pr1or to s1nterab111ty testlng It appears that

DT - < - Py

. -

.th1s comb1nat1on of procedures produced a’ p1uton1um d1ox1de ,

part1cu1ate with an aerodynam1c d1ameter su1tab1e for alve]oar :

';depQSJtlon " Thg,re;glts of’lgtvlvo thorax measurementsflnd1<g-}

]ung:ha;‘nénained cdns%annyfn;ﬁanpro;%naféiy ébo'daysif Ihﬁii;
cations of fhe.analytica] measurements penformed thus far'
characterize the inhaled matarial as ektreme]y inso]ubie with
an effective ha]f-]ifélin'the lung much greater than typical

~ Class Y. pluton1um mater1a] ' |

The cTearance half;t1me'for h]gh-f1red, 1n501ub1e p]u_ :fxa

| _tton1um ox1de in the human 1ung is typ1ca11y less than bOO days

Metabo]1c models pub]]shed by the.I.C.R.P.'1nd1cate a range for
" the clearance ha]fetimé:fram 50'6ays5fqn so1ubfe matarial to -
500 days fbn highly insoluble onides. lit has been conc]uded
that, for this case, sequentfa] thdrax measnrements sunpqrt
aasentially an infinite]y-1ong‘1ung'clearance'ha]f—time for

the compound inhaled by this worker.




CONCLUSION (contd.)

The I.C.R.P..metabo]ic model predicts that the initiany
: soTub]e fraction’éf inhaled Class Y material which enters the
bloodstream from the naso-pharynxland ér@céo-bronchia1 re-
'»gions should be approximately 2.5% of thé 1ong~term.materia1'

(i.e., Ty, = 500 days) deposited in the lung. Taking ad-

. vantage.of the fact that, in this case, decqrporation'therapyv

was ‘inftiated inmediately following uptake, we can assure that -
the firét.24-hour urihe‘sample represent§ most of the initial]y-
soluble material entering the bloodstream from the haso—
pharynx and tracheo-bronchial region. This actual short-

term fraction is unusually small and,represénts only 0.004%
of the ]ong—term,materia]'measured~in'the lung. Assuming that
urinary;p]utonium'exérétidn on the dayé‘of che]affoﬁ'represent“
the fraction of activity entering the blood from the lung, a
clearance half—tihe of 35 years is cé1cu]ated. Using the feqa]
excretion of plutonium at approximafely 10 days post intake, A
clearance half-time of 40 years is predicted. This agreement
‘is probably fortuitous.

The above data is consistent with in vivo measurements for

americium in the thorax. 'No decrease or clearance can be ob-



CONCLUSION (contd.)
. serVed within the precision of the measurementsr(i.e,, ap-
proximately 120%): A clearance half-time 6f 1000 days (i,e.,A
twice that for t]ass Y material) would have decreased the .
initial amount of'inha]ed materiaf by 25% within SQO days .

a fact unsupported by the results of in vivo couhting

Further studxes w111 1nc]ude a contTnuat1on of‘1n vxvo'lf;“1w;_if;" :

'r-tho}ax measurements for‘z“lAm and collect1on of add1t1ona1
excreta samples for plutonium assay in order to determlne
- the presence of any systemic organ distribution. A fo]Towé'
up study of the solubility and particle size of the material

on the air sampler filter is also considered.
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TABLE

ISOTOPIC COMPOSITION OF ALPHA ACTIVITY ON‘AIR FILTER

238p, 239p, 240p, 241py, ; ' 282p, C2m1pn
Atom Percent  0.065 + 0.003¢  86.4 + 0.3- 11.6+0.3 1.4 +0,] 0.24+0.03  0.25 +0.04
"Alpha Percent  11.6 + 0.6 53.8 + 0.2  26.1+0.7  .y.' 0,01 +0.0012 8.4+1.3

Error represents 2 S.D. at 95% confidence Tavel.



TABLE 2

. RESULTS OF IN VIVO MEASUREMENTS FOR 2*'AM IN THE THORAX -

Days Post: ~ 2“!'Am Detected - 2“'Am Ingrowth - 2*!Am Deposition -
Intake - . (nCi) Calculated (nCi) Calculated (nCi)
1 1.3 | .001 o 1.29

2 1.1 .002 ©1.09
3 1.3 .003 1.29
7 1.3 .007 1.29
17 1.2 .016 1.18
24 1.3 .023 1.27
3] 1.3 . .029 1.27
38 Tk ; O S 036w ':}i.ﬂﬁ,fﬂ;f e
39 1.1 .036 1.06
45 1.1 .042 1.05
52 1.3 .048 1.25
59 1.4 .055 1.34
80 1.2 .074 1.12
11 1.3 .103 1.19
122 1.3 113 1.18
132 1.5 122 1.37
136 1.4 .126 1.27
150 1.6 .138 1.46
178 1.3 . .163 1.13
" 254 1.1 - .231 .86
279 1.4 - .253 1.14
311 1.5 281 1.21
339 1.5 .305 1.19
366 1.6 .328 1.27
402 1.8 .358 1.44
430 1.6 .381 1.2
465 1.7 411 1.28
493 1.6 .434 1.16



TABLE 3

MEASUREMENTS OF PLUTONIUM IN EXCRETA(])‘
(URINE) ' :
Plutonium

- Days Post () - (3) o
Intake Type "~ Volume (mg) pCi/% - Comment
0 Spot 250 2.7  Field collection -
0 Spot 380 _(4) ~ Following decontamination
1 ~ Spot : 100 - ,  Prior to chelation
1 24-hr- total - 1500 0.8 .1 gm Ca-DTPA -
2 Spot 100 - - Prior to chelation
2 24-hr sim 900 0.3 0.5 gm Ca-DTPA
3. . 2-hrsim o950 . o 0.1 ﬁozﬁggm,?Q:DTPA-ﬁis_vu'f S
TR e st T qgsge R L T T e e
5 24-hr sim 700 0.1 '
7 24-hr sim 700 0.1 0.5 gm Ca-DTPA
8 24-hr sim 1550 0.1 | -
10 24-hr sim 1200 0.1 0.5 gm Ca-DTPA
11 24-hr sim 1000 - 0.2
12 24-hr sim 1200 -
18 24-hr sim 1200 0.1
25 24-hr sim 1100 | -
32 24-hr sim 1400 -
39 24-hr sim 1100 -
91 24-hr sim 1000 -
12 24-hr sim . 1100 -
14  24-hrsim 650 -
119 24-hr sim 800 -
226 24-hr sim’ 500 | -

1. Autoradiography emp]oyed-to detect alpha particles in sample following plu-
tonium chemical separation procedure.

2. Collection of simulated 24-hour sample includes all urine passed during the
periods one-half hour before retiring and one-half hour after rising for two
consecutive days. '

3. Error associated with these values is estimated to be +100% at these magnitudes.

4. Less than MDA (0.025 dpm/sample). -



TABLE 4
. MEASUREMENTS OF PLUTONIUM IN EXCRETA(!)
- (FECAL)
Days Post - | P]utoniuh Activity
Intake -~ = __ Type : _(pCi/gm)
1 24-hr total - 30.54(2)
3 24-hr total 0.06
4 '351§;24%hr téﬁél:F.fffj-fif ﬁ;b?03_f5 :-“ax;";t
5  28-hr total .02
6 24-hr total - 0.04
280 © 20-hr total -(3)

282 ' 24-hr total . -

1. Alpha spectrometric measurement for 238py, 239,240py
following chemical separation.

2. Error associated with these measurements is approxi-
mately +100%.

3. Less than MDA (0.2 dpm/sample).
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IN VIVO MEASUREMENT OF THORAX —
TWO DUAL CRYSTAL PHOSWICH DETECTORS
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“Figure 1. In Vivo Measurement for Z*'Am in the Lung
Figure 2. In Vivo Measurement of Thorax - Two Dual Crystal

- Phoswich Detectors
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