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PREFACE

This report of the health of war-time Los
Alamos plutonium workers was inspired by Wright H.
Langham and is dedicated to his memory. Wright's
keen interest in plutonium is known to everyome and,
as one of the if not the world's authority on pluto-
nium biochemistry and toxicity, he was the first to
be called upon by our government as well as those
of other countries whenever plutonium problems
arose. His ultimate concern, of course, was the
toxicity of plutonium in man and, in this connec~
tion, he organized the UPPU Club composed of the
subjects of this study. He kept in close touch with
the Club members by periodic circulation of friendly
UPPU Newsletters. It was undoubtedly the humor and
enthusiasm expressed in these Newsletters that has
been responsible for the excellent cooperation of

the UPPU Club members in this study.

Wright's intense interest in plutonium con-
tinued until his untimely death. In fact, an early
draft of this manuscript and a number of now de-
classified war-time reports on plutonium experiences
were with him at the time of the fatal plane crash.
Although Wright died before he could write his
interpretation of the present data, he contributed
enormously to the report in the course of dis-
cussions of the subject during the winter of 1971-
1972. Although we are well aware that the study
suffers greatly by not having Wright's direct par-
ticipation, the authors have tried to write a
report of which he would have been proud. In an
effort to make the report into a personal living
story, which it was to Wright, we have included

many of the anecedotes that Wright loved to tell.
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in monitoring techniques, working conditions were
deplorable by present-day standards. Fortumately,
after initial bomb processing was completed in
August 1946, all work with plutonium was sharply
curtailed until the new and greatly improved facil-
ities at DP Site in Los Alamos were opened in
September 1946.

To 1llustrate the degree of contamination of
laboratories in D Building in 1944 and 1945, we will
present a few almost random experiences taken from
various reports issued at the time. Table I shows
the maximum and minimum "swipe' counts in all lab-
oratories in D Building in March 1944 [500 counts
per minute correspond to 0.007 ug or 0.0004 LCi of
plutonium isotope mixture of that time; note the
2,500,000 count per minute (or 35 ug) swipe in D-117
'(used by the Recovery Group*****)]. Figure 4 shows
*****During the war years, when plutonium was the
primary concern of the radiochemists, the unit of
measure of plutonium was usually considered to be
its weight (i.e., micrograms, grams, etc.). In the
1950's, presumably because of the influence of the

health physicists (and because chemists became more
involved with physics), radioactivity (i.e., micro-

‘curies, etc.) became the unit of measure. Both

units are given throughout this paper.
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Chart showing the percent of laboratories
in D Building in June and July 1945 with
"hot'" spots requiring decontamination.

The lower line indicates the counts after
decontamination. Note that about 50 per-
cent of the laboratories had contamination
in excess of 500 counts per minute on two
occasions.

MAXIMUM AND MINIMUM SWIPE COUNTS IN D BUILDING (MARCH 1944)

Room No. 101 102 103 104 108
First 16 158 110 399 338
Maximum 274 3,319 739 14,560 4,652
Minimum 0 32 24 12

Last 18 642 122 150 826
Room No. 115 116 117 118 119
First 33 9 8 244

Maximum 70 58 2,500,000 6,000 1,387
Minimum 0 9 (o] 1

Last 21 37 1,198 2,368

Room No. 125 126 127 128 129
First 40 73 44 52

Maximum 4,592 17,832 363 94

Minimum 16 19 2 0

Last 506 28 22 46

Roon No. 137 138 139 140 141
First 93 7 23 81

Maximum 2,928 448 23 81

Minimum 0 6 7 12

Last 833 33 12 12

Room No. 148 151 152 201 202
First 30 30 o 23

Maximum 30 79 104 23

Minimum 20 18 0 23

Last 20 36 42 23

Room No. 210 211

First 19 22

Maxi mum 19 22

Minimum 19 22

Last 19 22

109
177
4,078
50
3,547

120
3
816

110 112 113 114
321 807 308 10
15,176 17,450 561 172
59 27 17 4
59 51 57 31
121 122 123 124
0 12 90 7
81 128 130 176
(4] 0 12 5
42 24 64 46
132 133 134 136
6 41 58 6
5,796 610 68 3,712
1 3 0 0
85 13 25 91
143 144 145 146
8 0 0 338
15 0 114 338
8 0 0 5
8 30 126 16
204 205 207 209
o 21 45 73
0 21 45 73
0 21 45 73
¢} 21 45 73
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high nose counts (over 50 counts per minute) of
three chemists in the Recovery Group (other nose
counts of these men not included were consistently
positive but below 50 counts per minute). In April
1945, 1243 "hot" (over 500 counts per minute) spots,
mostly detected by portable counters, were decon-
taminated. In June, July, and August 1945, the
aumber of decontamination procedures carried out
were 1980, 3489 (of which 760 exceeded 30,000 counts
per minute), and 5347, respectively. Lest the
reader think that the operations were lax or care-
less, he should be advised that a large, well-
trained monitoring staff of approximately 41 persons
worked overtime to maintain the safety standards
with the crude methods available. Pressures to
build the bomb were so great that work had to pro-
ceed using the best, although admittedly unsatis-

factory, safety measures of the times.

III. PLUTONIUM OPERATIONS CAUSING HEAVY EXPOSURES

Twenty-three of the 25 living exposed sub-

. Kok ko ke . .
jects worked in four operating groups:

Pluto~
nium Purification (wet chemistry), Plutonium Flu-
orination (dry chemistry), Plutonium Reduction (ta
metal), and Plutonium Recovery. Because the last
operation was by far the most hazardous, it will be
described first. Monthly reports of the Chemistry
and Metallurgy Research and Health Divisions sub-
mitted in 1944 and 1945 (many still classified),
as well as references 3 and 5, are the source of
much of the material in this section. Extensive
interviews with the subjects and their supervisors,
as well as with the health monitors, provided sup-

plementary information.

Al Recovery Operation

Fourteen of the 25 subjects with measurable
body burdens of plutonium worked in the recovery
operation between March 1944 and September 1946.

WA i matprEm o addEmas e E e FEpE m e e Em e m mmm_m e s 0 0

spilled accidentally or lost as contamination, and
(b) converting the recovered plutonium to the +4
valence state suitable for fluorination and sub-
sequent reduction to plutonium metal.

In 1944, the Recovery Group dealt first with
milligram and later with gram amounts of plutonium;
however, in March 1945, as a result of increased
quantities being processed by the Chemistry and
Metallurgy Division, the Laboratory began to handle
kilogram quantities of plutonium. During peak work
periods, the staff worked 12-hour shifts 7 days a
week. Fortunately, by this time new laboratory
facilities were in use in an annex of the old D
Building. A suite of three laboratories (main-
tained under reduced pressure) had replaced the
single laboratory D-117. These laboratories had
open stainless steel hoods instead of the ordinary
chemical hoods previously used in D-117. Although
two of these laboratories were equipped with air
lines, the commercially available positive-pressure
masks were not entirely satisfactory in protecting
personnel from airborne contamination. Not until
July 1945, when a specially made mask (called the

hok ke kk
Kennedy-Hinch mask,

after its designers)
was developed, was there comparatively good protec-
tion against airborne radioactivity.

The types of plutonium-containing materials
submitted to the Recovery Group for processing
included analytical residues; washings (supernatant
solutions) from various steps in the wet purifica-
tion of plutonium; metallie scraps, shavings, and
trimmings; crucibles composed of various materials

used in the reduction of PuF absorbent materials

H
used to wipe up accidental s:ills and other con-~
' taminated materials; graphite tubes used in oxygen
analysis; and drybox and chemical hood sweepings.
After considerable experimentation, the follow-
ing basic procedure was adapted for recovery opera-

. ok de kK ok
tions (see Fig. 5) : (a) soluble salts of

e < —

*kkkk

These men were the charter members of the UPPU
?lub formed by Wright Langham when this study began
in the early 1950's. 1In essence, the acronym rep-
resents the phrase "you excrete plutonium." The
name was originally IPPU, but Langham decided this
was too personal.

= e ——— e

CMR Division.
sk sk ok ok

It should be mentioned that not all of the
recovered plutonium went through the entire proce-
dure. Depending upon the chemical nature and purity
of the plutonium being recovered, various steps of

the total procedure were omitted.
‘-
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TABLE II

EXAMPLES OF SUBJECTS WITH NOSE COUNTS ABOVE 50 COUNTS PER MINUTE

a
Date Nose Counts

Subject No. 5

4-17-44° 175
28 199
7-19-44 207
10-12-44 ~144
11- 7-44 188
12-29-44 207
4-20-45 717-408
5- 8-45 174-113
15 73-27
16 196-172
18 421-41
19 122-107
21 138-129
22 62-22
29 101-67
31 . 250-87
6~ 4-45 930-82
5 272-174
6 163-43
7 267-131
9 177-118
14 170-165
15 504-416
16 246-514
18 720-501
19 2559-3111
20 199-150
23 320-200
25 126-78
26 608-94
27 68-50
7- 2-45 217-182
4 336-316
5 394-182
324-182¢
6 218-122
7 486-152
9 128-108
10 92-56
1 520-394
1096-329¢
12 64-80
13 100-80
14 100-60
148-130¢
16 96-76
17 100-96
23 70-66
25 64-52
8-17-45 696-90
20 144-48
23 88-26
24 76-60

8counts per minute of activity swi
bOnly one nostril swabbed.

Caccidental exposure suspected.

a
Date Nose Counts

Subject No. 8

6- 2-45 88-26
4 216-100
5 231-213
6 20-60
7 291-201
9 286~-89
11 1181-323
12 454-385
13 1107-1292
14 509-229
15 623-560
16 1208-680
18 146-92
19 928-615
20 1506-1009
22 1898-1100
23 90-23
7- 2-45 400-274
4 164-170
236-97°¢
5 324-126
198-118¢
6 338-278
7 268-72
9 1016-694
10 484-304
11 250-247
12 198-166
14 356-328
16 364-328
17 462-410
18 752545
179-183¢
19 941-243
23 898-816
24 322-160
25 166-154
26 768-652
8-13-45 124-56
20 202-100
27 300-136
9-12-45 106-78
14 165-107
17 136-72
5- 8-46 52-825
6-17-46 168-401

ped from each nostril.

a
Date Nose Counts

Subject No. 9

372-146
562-98
698-664
70-64
208-140
112-80
1164~608
608-626¢
57-50
879-706
838-842
1296-306¢
164-408
3040-464
2086-482
8976-5180
660~204
674-530
3922-1752






material was combined with more newly purified
plutonium, and the 8-gram sample, in the form of
the hydroxide, was placed in a centrifuge tube.
While being centrifuged, the tube btoke,*********
spilling the sample into the centrifuge cup and
into the centrifuge itself. The plutonium was
recovered once again by repeatedly washing the in-
side of the centrifuge with a dilute acid solu-
tion.********** Surprisingly, very little pluto-
nium was lost in these two aceidents.

In addition to these spectacular accidents,
there were also occasional spills of large volumes
(up to 50 liters) of dilute plutonium solution (5
to 10 mg) onto the floor. (The smaller concen-
trated solutions were handled in stainless steel
hoods.) Four of the 14 subjects cut their hands
with contaminated objects; fortunately, in each
case, the excised tissues contained little radio-
activity. One other man burned his hand while
carrying out the carbon-sodium peroxide fusion
procedure.

As might be expected, exposures during the late
spring and summer caused great concern about the
health of these workers. The following excerpt is
taken from the Monthly Progress Report of the Chem-
istry and Metallurgy Division for May 1945 (issued

June 1, 1945):

"The health situation in the recovery labor-
atories has become much worse in the past month due
to the great increase in amount of product which is
being processed. The trend in 24-hour urine counts
is definitely upward. Because of this situwation
and because shutdown of recovery will essentially
shut down purification, as well as increase hold-
up of product, every effort is being made to
improve the health situation. Forced air respira-
tors have been put into use, although they have not

materially altered the nose counts yet. Contamina-

ThkEA AR kK
The reason for the accidents presumably was

the unsuspected radiation-induced fragility of the
glass vessels used in these procedures. It was
believed that alpha particles alone would not affect
the glass, but irradiation by neutrons arising from
interaction of alpha particles with boron in Pyrex
glass had not been anticipated.
ek dek ok ke ek

There is a story that great difficulty was
encountered in the fluorination of this ill~fated
batch of plutonium. We have not been able to verify
this.

tion of the air lines was suspected, but an im
tigation by CM~12 has failed to show appreciab:
contamination. The air pressure is being incre¢
Better respirators must be obtained quickly.
Improvements in the handling of product are be
made, but it will be some time before the haza
be appreciably reduced except by the use of be
protective devices. CM-1 has helped with a nu
of improvements such as installation of a new
studies on improving the ventilation, installa
of foot-pedal sinks, etc. The situation is st

critical, however."

All 14 subjects were removed in the summe
1945 from this type of work because urine ass:
indicated that their body burdens were approac
or had exceeded the then maximum permissible :
(7 counts per minute per 24-hour urine specime

suggesting a body burden of 1 Mg or 0.06 uCi).

B. Purificatién Operation

Three of our subjects worked in the Puri:
tion Group in the Chemistry and Metallurgy Re:
Division, This group was given the responsib:
of purifying by wet chemical methods the plut«
produced by the piles in Oak Ridge and later
Hanford. Because it was believed that nonmet
impurities could best be removed by subsequen
chemistry procedures (see next section), this
concentrated on removing contaminating metals

The flow sheet used in the purification
tion3 until July 1945 is shown in Fig. 6. Pl
nium nitrate slurry received in 160-gram lots
metal containers from Hanford was dissolved,
diluted (cut), assayed, aﬁd transferred (some
with considerable difficulty) into a closed s
On the average, these preliminary steps took
3.3 days. The following procedures were then
ried out: (a) reducing PuIv (or PuVI) nitrat
iodide; (b) precipitating PuIII oxalate and d
solving as PuVI with bromate and nitric acid;
(c) precipitating plutonium as sodium plutony
acetate and dissolving in HN03; (d) ether ext
ing plutonyl nitrate from the acid solution ¢
ing ammonium nitrate; and (e) reducing pluton
nitrate with ifodide and precipitating as the
late. This product, recovered in about 97 pe
yield, was given to the Fluorination Group.

rification of plutonium in this form continue












had a body burden of 0.5 ug or more compared with
3 in 11 persons with lower levels. Furthermore, 6
of the 8 persons with total nose counts exceeding
10,000 counts per minute were in the former group.
In Fig. 8 the urine radioactivity, the number
of high nose counts, and the total activity of the
high nose counts per month of exposure of 8 sub-
jects in the Recovery Group are correlated with the
amount of plutonium processed and protective meas-
ures used. There was a sharp rise in plutonium
excretion in 6 subjects (Nos. 3, 4, 5, 6, 9, and
17); in each case, the rise was preceded by a high
activity of nose swipes, suggesting considerable
exposure to airborne plutonium. There is no cor-
relation between the level of body burden of pluto-
nium as indicated by the urine radioactivity and
total activity in the nose, but this is not surpris-
ing in view of the crudeness of the nose count
technique and the inevitable false positives due

to contamination.
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v. CLINICAL, LABORATORY, AND RADIQACTIVITY
OBSERVATIONS

A. Medical Observations

In the early 1950's it was thought that 29
tonium workers had measurable body burdens acco
to the assay methods of the time, but 3 have be
dropped from the series as a result of the use
more reliable methodology, and one other died.
1953, a program for periodic examination of the
men (financed by the U. S. Atomic Energy Commis:
was established. At first, a very thorough stu
every 2 years was planned. This included inter
history and physical examination, complete bloo
count, blood calcium, phosphorus and alkaline p
phatase, urinalysis, and stool examination for
cult blood. The following roentgenograms were
taken: lateral skull, PA chest, AP pelvis, AP

e knee and elbow, lateral of foot, AP of foot, an

dental films of right teeth.
In 1953 and again in 1955, 22 and 25 subje

Subject #8
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Fig. 8. Graphs for 9 subjects showing the urine count, number of high nose counts per month, and total
radioactivity of nasal swipes per month (parenthetical figures) from March to November 1945, Tt
amount of plutonium handled by the Recovery Group and the protective measures used are shown in

the last graph of the second chart.
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APPENDIX A
DECONTAMINATION PROCEDURES AND RESPIRATORS USED AT LASL IN 1944

The following is an excerpt from a Secret letter written by L. H. Hempelmann to Dr. Robert S. Stom:
Clinton Laboratories, Knoxville, Tennessee, dated July 20, 1944, which describes decontamination procedt

and respirators:

"1. Decontamination Procedures:

A, Floors: A special corp of janitors assigned to these laboratories spend all their
time on this job. They work under the supervision of a head janitor and a
“laboratorian." In order to get good results and to keep the floor counts low, it
is necessary for the floors to be covered with a smooth hard surface of wax. There
does not seem to be much difference in the kinds of wax that we used so we have
settled on the water-soluble floor wax supplied by the janitor service. Our present
floors are made up of some asphalt tiles known by the trade name of '"Mastic." 1In
some new laboratories we plan to use a smooth asphalt surface with an MgO base.

1. Routine Cleansing: All floors are mopped once a day; floors of hot
laboratories are mopped twice a day or oftener. They are wet mopped
with a good lather of Ivory soap, followed closely with a dry (wrung
out) mop. It is essential that the janitors be meticulously careful
about covering the entire floor. The results are better if the wash
and rinsing water be kept separate. By this method it has been pos-
sible to keep the floor counts in most labs below 100. In our "hottest"
laboratories, the counts are always below 500. We are now using some
detergents in an effort to obtain better results.

2., Decontamination after Spillage: This is done by a trained decontamina-
tion squad. The floor is first mopped with Ivory soap. The wax is then
removed with boiling hot water, followed by kerosene and steel wool.

The floor is then painted with two coats of any thick paint which will
stick to the surface.

B. Desk Tops of Laboratory Benches: Every working surface is covered with a smooth
surface preferably glass. Porous surfaces are covered with enamel paint before
they are used for work. If they are contaminated by accident, an effort is made
to seal them in the material by painting rather than to remove the contaminated
part of the desk top. In the case of the lab benches made of "Kemrock" (the
ordinary black surface made by the Kewaunne Mfg. Co., Adrian, Mich.) the surface
responds to ordinary methods of decontamination although it appears to be porous.
The same company puts out a surface paint of the same material, called "Kemrock
Wipe Coat," which can be used to paint over contaminated surfaces.

1. Routine Cleaning: Smooth surfaces can be quite successfully decon-
taminated by wiping with a clean cloth wet with spindle oil. An
excess of oil is used and this is followed by a clean dry cloth. The
secret of the successful use of this method 1s to change cloths very
frequently. The surface count is usually reduced below 50 per minute
by this method.

2. Decontamination after Spillage (or after contamination from droplets
produced by evaporation): First wipe the surface with 1 N HC1 solution
followed by dry rag, then clean with oiled rag as above.

C. Hands: Before starting work, spread thin coating of spindle oil over both hands;
this must be done very carefully. Decontaminate gloves before removing them;
remove gloves using surgical technique so as not to touch outside surface with
hands. Apply coat of West's Sulfo soap to hands, moisten with water and lather,
rinse; repeat with Sulfo soap and finally wash with Ivory soap.
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The success of this method depends upon how well directions are followed partic-~
ularly insofar as spindle o0il is reapplied after each washing of the hands. It
has been our experience that it is usually possible to reduce the hand counts to
a few hundred or less by means of this method.

D. Gloves and Respirators: A 10 percent solution of the detergent "aerosol"” is used
for decontamination of rubber articles. Other detergents do not seem to work as
well. The solution containing acetic acid formerly used by us has been discontinued
because the acid tended to injure the rubber and was hard on the skin if not properly
removed. The gloves are washed every day (after one wearing). They are rubbed and
swished around in the solution until clean. This is quite time consuming as about
two minutes is required for each glove (we hope to cut this down by getting each
person to decontaminate his own gloves after wearing). The rubber respirator face-
pieces are cleaned once a week if their count is over 50.
E. Glassware: This is cleaned by running each piece of glassware through the following
solutions:
1. water
2. 1Ivory soap water followed by rinsing
3. cleaning solution followed by rinsing
4. Ivory soap and water followed by rinsing
5. distilled water
Popham says that the results seem to be satisfactory but he will not guarantee them.
Not very much work has been done on this problem.

F. Tools: Can be decontaminated with an oiled rag as described above. Use clean cloths
and clean frequently,

Masks: We have used only Wilson respirators and positive pressure masks. Most of the respirators
put out by this company have filter pads which are satisfactory for this type of dust. Their
chief disadvantage is in their failure to fit properly but we have found that one of the follow-~
ing three types will fit just about any type of face: 200L, 5L and 750. We are careful to fit
each mask to the person before letting them go into use. As far as the positive pressure masks
are concerned we have not tried the A.M.S. type because they did not appear as satisfactory as
the Wilson type as described in their catalogues. We have modified the masks by putting on
softer tubing onto the facepiece since there were some complaints about the stiff tubing supplied
by the company and by placing the filters on the wall rather than on the belts. The tubes are
fastened to the belts to avold the masks being jerked off the faces of the men 1f the tubing gets
caught. We have still not been able to put the positive pressure masks in general usage because
of the crowded conditions in our laboratories.

The Eastman masks which I described to you over the telephone appear to be the most satis-
factory of all, but have not been well tested. If you see them and consider having some made
up we would be very interested in placing an order at the same time.,"

Declassified by L. M. Redman (September 11, 1972)
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APPENDIX B

URINE ASSAY METHOD AND ESTIMATION OF BODY BURDEN

URINE SAMPLE COLLECTION

Beginning in January 1944, spot urine samples
were collected from plutonium workers in the hope
that measurement of plutonium in the urine might
yield results which could be related to exposure to
and/or intake of plutonium. By March 1944, a pro-
cedure had been adopted whereby urine samples were
collected on a 24-hour basis in so-called "clean"
areas, but the data derived from analysis of urine
samples suggested occasional massive artifactual
contamination. To minimize the possibility of such
contamination, a Health Pass Ward was established
in the Los Alamos Hospital in the spring of 1945.
Each employee heavily exposed to plutonium was
granted 2 days off with full pay* prior to report-
ing to the hospital, where he stayed for 24 hours.
During this time, an uncontaminated or minimally
contaminated 24-hour urine sample was collected
using all practical procedures to minimize con-
tamination. Upon entering the Health Pass Ward, the
men showered and changed into hospital pajamas,
which were worn throughout the collection period.
White mortician's gloves were used while collecting
the urine specimens.**

Table I shows the rather striking differences
recorded for urinary excretion of plutonium in
6 subjects who collected urine samples both at home
and in the hospital. The data are shown as orig-
inally presented by Wright Langham at a plutonium

conference in May 1945 and documented in a report

*
Employees, particularly those in military service,
were forever grateful to Langham for the 2-day leave

away from the "Hill,” as the mesa was called.

*%
Langham's favorite story had to do with the enor-
mous quantities of urine passed by many of the
plutonium workers while in the hospital ward. The
subjects, usually G. I.'s, were able to obtain beer
from the nearby PX by some means and drank this in
substantial quantities. Fortunately, plutonium out-
put is independent of quantity of urine. According
to Langham, the champion was a man nicknamed Piss
Porter (not his real name).
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TABLE I
EFFECT OF METHOD OF COLLECTING SAMPLE
ON COUNTS FOUND IN THE URINE

Place of Collection of Sample (cf

Subject At Homed In Hospite

6 10.1 2.2

3 41.6 4.3

4 16.1 3.4

c 2,8 0.1

c 17.8 -

5 30.6 2.2
Average 20.0 2.2

aSamples collected at home were 2 overnight vo
collected by the individual after thorough bat
and washing of hands.

bSamples collected in hospitél were 24-hour sa
collected under the rigorous hospital plan aft
2-day leave from the "Hill."

“Not in UPPU follow-up.

in June 1945.l Unfortunately, this problem of
sample contamination during collection has beer
forgotten periodically (e.g., operational expo:
and accidents such as Palomares and Thule), anc
has led to misinterpretation of data.

Also of interest is another table (Table I
from the same report,l which gives some informe
on the then current average urine blanks of
0.5 count per minute (per 24 hours) and recove:
values for the urine assay procedure. In the ¢
days, data were often presented as counts per r
ute. The efficiency of the proportional counte
used at the time 1s uncertain but probably ap-
proached 50 percent.

In an effort to minimize costs, the proced
was modified in 1947 to eliminate the 2-day hec

pass period, but the employee still reported tc
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Q = 500 Ut0'74.

(Eq. 4)

Ssubstitution of known values for t and U
 allows one tO estimate total-body burden at time.
of vxposure in the same units that are used for U
(i.e., count rate, mass, or agtivity). Similarly,
bthe body burden (QR) at any time t following re-
‘peuted exposure may be calculated by using the total
elimination coefficient and assuming multiple in-
puts as a summation process.

A major difficulty in evaluating human expo-
gures has been the problem of reservolrs of pluto-
pium in various organs (not bone) that are slowly
released to the circulatory system at rates that
depend on many factors such as location within the
body, particle size, and physiochemical form.

This slowly translocated plutonium is subsequently
deposited in other tissues and ultimately lost from
the body via urinary and fecal excretion.

The concept of slow, continuocus release of
bound plutonium into the body fluids, first form-
alized by Healy,7 has been built into models by
several groups of investigatots.8’9 The rate of
urinary or fecal excretion of plutonium in persons

chronically exposed can be estimated from Egs. 1

“and 2 by summation of individual administrations.

Healy's model regards relatively insoluble pluto-
nium in the lung as a reservoir isolated from
normal body metabolism yet continually releasing
plutonium into the bloodstream. The model has no
constraints regarding the position of plutonium in
any portion of the lung or body; therefore, par-
ticles translocated from the lung to lymph nodes

behave in the same manner as those in the lung,

stion of the ' provided the rate of solution and entry into the

systemic circulation is the.same. The model assumes
8 constant fractional removal per unit time from the
lung and then utilizes the systemic model developed
by Langham.10

The quantity (Q) in the lung at time t follow-
ing acute deposition after initial clearance of an
amount (QO) of insoluble plutonium is:

At

Q=q, e T, (Eq. 5)

The overall elimination rate () actually represents

ired in a

%

both solubilization and transfer to the systemic

circulation and discharge from the lung by ciliary

URINARY EXCRETION{FRACTION/DAY}

clearance mechanisms. One can then describe trans-

fer to the systemic circulation as:
a-= Xs Q e-kt. (Eq. 6)

Assuming that each increment transferred is
excreted according to the function shown in Eq. 1,
the total excretion may be described as the sum of
the excretion rates from each increment. Time (t)
is relative to elapsed time since transfer from the
lung rather than time since inhalation. Using R
as the time urine samples are obtained after inhala-

tion, the excretion rate (Eu) is:

R _ ~
E =0.002 X Q f e At (R - t) 0.74 dt.
u s O o

(Eq. 7)

Unfortunately, Eq. 7 is not integrable and must
be solved for individual values of A, R, and t by
expansion of the exponential term and solving until
the series converges. The overall transfer rate
(A) was thought to be composed of two components:
(1) rate of transfer into the systemic circulation
(AS), and (2) rate of loss via ciliary clearance
mechanisms (). Healy assumed that >\s was the same
as A. Similar expressions were derived for fecal
excretion and for the amount of plutonium in blood.

Figure 1 shows the calculated relation between
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Fig. 1. Fractional urinary excretion as a function

of time after acute exposure based on the
systemic and lung exposure models.
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predicted urinary excretion rate and time, assuming
various rates of exponential clearance from a non-
systemic reservoir.11 The solid line represents the
systemic exposure model {(no transfer from the lung)
which is the basis of the PUQFUA computational

12,13

model. Even for slow lung clearance times

(e.g., 693-day half times), the lung model and the
systemic model both yield similar urinary excretion
values at 104 days, which corresponds to about

27 years following exposure. It is important to
appreciate that these are idealized curves which are
used as the bases for estimating plutonium body
burdens. In real life, except for persoms with
industrial exposures who sometimes can be followed
closely during employment, urine samples can be ob-
tained only at relatively infrequent times. This is
also true in the case of some UPPU Club members who,
although exposed in 1944 or 1945, provided rel-
atively few urine samples during the intervening

27 years. To date, the number of urine samples used
to estimate body burdens for the subjects of this
study have ranged from 5 to 125 for different indi-

viduals.
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APPENDIX D

RADIATION DETECTION EQUIPMENT FOR IN VIVO MEASUREMENT OF PLUTONIUM

the three following types of radiation detect-

cquipment are currently used to estimare the

iny
qu.antity of plutonium in the body: (1) proportional
counters: (2) thin sodium iodide crystals and dual

sodium iodide; and (3) cesium iodide crystals. Al-
thouph these instruments are often called "lung"
counters, they cannot distinguish between radio-
active materials in the pulmonary and lymphatic tis-
guc. In an effort to localize plutonium, partic-
ularly in the hilar lymph nodes, an intraesophogeal

1
probe is being developed. All of these instruments

measure low-—energy x-rays or gamma rays from pluto-
. . 241
nium or contaminant radionuclides such as Am
241

formed by decay of Pu. The radiation energies
of greatest interest are the 17- to 20-Kev uranium

lPu and the 60-Kev gamma ray from

L x-rays from 24
241Am

2l.lf\m. Low-energy x-rays also emitted by
husl be differentiated from those given off by
plutonium,

The system used at the Los Alamos Scientific

Laboratory to measure in vivo deposits of plutonium

" in our subjects is comprised of two combined crys-—

tals, Nal backed by a 50-mm CsI crystal, each of

which Is about 125 mm in diameter and 3 mm in

EE:1353(1030)

thickness. Each detector functions as an anti-
coincidence system, resulting in a suppression of
background caused by Compton scatter from higher-
energy radiations originating from within the body
and in the local environment. The MDA at the 95 per-
cent confidence level for this system averages about
7 nCi 239Pu for a 30-minute counting period. Sim-
ilar MDA values have been obtained at other facil-
ities (for example, at the Lawrence Livermore
Laboratory)., To achieve MDA's in the range of
roughly one~third the commonly accepted 16-nCi
occupational -lung burden, one must carefully esti-
mate an individual's chest thickness. Ultrasonic
techniques are used for this purpose at LASL.
Measurements must be made also in "low-background"
counting chambers constructed of massive iron

shielding.
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