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URANIUM IN THE TISSUE OF OCCUPATION: EXPOSED NORKERS

Evan F. Campbell, James F. McInrov, and H. F. Schulte

Since 1939, the Los Alamos Scientific Laboratory (LASL) Industrial Hygziene
Group has obtained human necropsy material for analysis. The analysis consiscs
of plutonium and uranium measuremenis by variatians of the methods irinely
used in the bicassay program to determine these elaments in the uri of-work-

ers potentially exposed to either or both of these

P

tent of the tissue analysis program was &0 assess
2

alenent zinal in-

pluteniem body content by urine analysis and the v 2
controls as deterrminad bv uranium in workers' urine
this progranm for pluteonium found in autepsy tissue
487501) and ra-4875(4).
During this st

udy some 330 cases were analvzed for uranium. The cobject of
these analvses was to detact aad determine the amount of uranium ir the tissue
of deceased occcupationally expcsed uranium workers. While many non-occupation-
al (general population) cases were analyzed, it was not i

this program to establish the normal levels of
ccarinuing wizh a greater 2aphasis on collectin

imary obJ_thve ot
o}

I. TISSUE SAMPLES

A. Sample Selection

The cooparating pathologists provide samples 3 sies
permissible. Yo attempt is made to exclude any case. Most of thc cases, bow-
ever, are frem res'de“rs of Los Alamos, New Mexico t su 2
with a few
try town
rescarch

enric

P

CUTS1G
a

coan

The pathelogist packages cach tissue samp
These tissuws are frozen until relcased by oh
cessing. Small scctions of the tissue are pr
other clinical analyses.
Lung. 3oth lungs are nermally received and without
ration. Small amounts of tissue other than lung normally acconmpan
No attempi is made to separate the lower broachiai lymph nodes ov :
limphatic tissue from the lung tissue itself. The weight recorded normally re-
presents beth lungs.

Liver. ole organ is normally receiv.
—e —— o -

- ~

K i ¢ beoen SaSs Erory atiemdl is
made te - is

1 il ic & voihilar
region roana Tiv, ode oY
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that region and is only a small part of the total lymph node mass associated
with the respiratory tract. In some cases, adnexal tissue asscciated with the
lymph nodes is included in the analysis thus adding an uncertainty to the real
weight of the lymph node and consequently the uranium concentration.

Bone. Bone samples are normally wedges from the 4th and 5th lumbar ver—
tebrae; ribs and sternum are occasionally obtained. The bore weights incluce
only a small amount of adnexal tissue. The marrow is included in all bone
samples analyzed unless specified. Each bone sample is analyzed separately
and identified.

II. ANALYTICAL PROCEDURE

A, Method

1. Each tissue is placed in an appropriately sized vessel for dry ashing.
The liver and lung are placed in porcelain evaporating dishes and the other
tissues are placed in Pyrex beakers of appropriate sizes.

2. The samples are placed on shelves in a muifle furnace to prevent di-
rect heating of the vessel. The temperature-programmed mufflzs furnace is
operated from 200 to 500°C, reaching maximum temperature in 24 h. The samples
are maintained at 500°C for 24 h.

3. After the sample cools in the furnace, the residue is transferred to
a 300-cm® beaker. The ashing liver and lung dishes are thoroughly washed with
2N HNO;. The washings are combined with their respective residues and evapor-
ated to dryness. Other ashed tissues do not require transferring and are han-
dled directly in their respective beakers.

4. Each residue is heated repesazedly with HNO; and HF urntil ic is white.
From 1968 to 1971, 50% H;C; was used in conjunction with the HNXO; to speed the
ashing process. The use of this reagent was discontinued because of the high
metal content present as the stabilizing agent and only 30% unstabilized H:0:
is now employed. Excess lUF is removed by repeated evaporation wizh HNO3.

5. Each residue is finally dissolved in 2X HNO; and transferred to a
volumetric flask. Except for an occasional long and bone sample, the proce-
dure brings about complete dissolution of the residue. The following volumes
are normally used to store each semple prior to analysis:

Liver 1000-ca’ - Lymph Nodes . 50-cm’
Lung 1000-¢a’ Bone 250-cm’
Kidney 100-cn’
6. Each sample is mixed well and storad at <21°C pending analyses of

groups of samples for uranium, plutonium or other nuclides.

B. Normal Uranium Determinaticn

1. A 0.1 cm? aliquot of each tissue solution is transferrzd to a platin-
um dish. This solution is evaporated to dryness, fused with sodium fluoride
containing 2% lithium fluoride and the uranium fluorescence measured in a
modified Jarrel Ash fluorometer. Three determinaticns are made on each solu-
tion. The method has adequate sensitivity (5 upg/liter), but has poor preci-
sion. The recovery of uranium (% = 1G) from 5C0 g of spiked beef liver is
shown in Table 1.

Blank samples varied from O to 5 u.g per liter based on the apparent concentra-
tion of uranium in solution.

The sample is returned to scorage pending analyses for other nuclides ani
any other metal of interesc.

3. The fluoromeiric procedure is affected by queaching when the iron can-
centration is high. In order to e¢liminate this effect, an aliguoz o tis-
suv solution is reduced with ascorbic acid and the uranium extractod tri-
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sooctylamine. An aliguot of the ex:tracting soluzion is ple
sodivm fluoride-lithium fluoride pellec and fused in the us

C. Radiometric Merhod

“hen it is known that samples originated from a former uranium worker ex-
posed to enriched uranium, or, the gravimetric method indicated an expcsure to
uranium, the samples are analyzed radicmetrically; the uranium is isolated by
anion exchange, electroplated and counted by alpha pulse height analysis usirg
3% an internal tracer.

I1I. BIOASSAY SAMPLING OF EMPLOYEES POTENTIALLY EXPCSED TO URANIUM

A. Routine Urine Sampling Program:

The routine urine sampling program for both ncrmal (gravimetric) and for
enriched (radiometric) uranium has varied considerably depending on the work
load within the uranium work areas at the laboratory. In mostc studies on the
surv2illance of exposure, a bi-weekly sampling schedule is followed. Until
1972, urine samples were collected in stendard spot urine sampling bettles
(plastic coated cones) without preservatives and analyzed immediately. In re-
cent vears, the number of urine samples collected in the overall bicassay pro-
gram have increased, resulting in arn increased time lapse betweer collecticn
and analysis. To facilitate this, urine samples are now being collected in
high impact polystvrene screw-cap bottles and acidified with HNO: to prevent
wall losses.

NOTE: The concentration of uranium in urine shews a significant reducticn
with time on standing. Pyrex sample botiles are preferred but nol econcomical.
No uranium has been observed in the uric acid crystels that form whan HNC; is

used as a preservative.

1. Normal and Depleted Uranium -(Gravimetric) In Urine

Three 0.1 cm® aliquots of urine are placed on platinum dishes, evaporated
to dryness, ashed by flaming, fused with a NaF flux (2% LiF) and the fluores-
cence is determined in a fluorophotometer. The precision of the method has a
relative standard deviation of * 25% for concentrations less than 30 ug/liter
and 2 7% for higher values.

2. Enriched Uranium (Radiometric) In Urine

During some of the early vrine analvses, the u
directly from the urine with an acid-oxalate-~elecrry

iure was changed in 195%4 to a di(Z2-echyl-nexyl) pheosphal

ranium was eleactro
hl P e -
oLy X

[a)

J
aline earth concentration of the uranium from a 2%
ken plated directly on platinum. The method was furth
alkaline earth co-precipitation concentration, followed b
change isolation and by direct plating cn 2.2 cm diamerer i
rlates and alpha counted by gas flcw proportienal counting. Si
following procedure has been employed:

The uranium in seventy-five ml of urine is precipitated at 80°C as the
phosphate by the alkaline earth co-precipitation method. The precipitate is
separated by centrifugation, ashed with HNO;, converted to the chloride, dis-
solved in 8N HCl and isolated on a Bio-Rad AG 1 X 10 anion exchange resin col-.
umn. The column is eluted with dilute HCLl and the eluate evaporated to dry-
ness. The isolated uranium is redissolved and transferred to a 2.2 cm diameter
stainless steel disc and counted in a gas flow preoportional counter for 30 mia.
The counter background is 0.02 counts per minute with an efficiency of 0.47
counts per disintegration. "The accuracy of the method at 25 dis/min pev liter
is approximately 807 with a precisicn at 17 of 2 137 in ruutine use.

4
4

t

[

*Procedure to be published by M. F. Milligan and Patricio Trujillo.
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A. General Populaticn

During the program for the determination of plutonium in autopsy tissue
from the general population coverad by this repor:z (1959-1972), aliqudts of all
ashed tissue sample solutions were screened for uranium. The relatively high
detection level accepted for the evaluation of occupational exposure cases pre-
cluded the determination of the actual uranium concentration in the tissue of
the general population. The detecticn limit for each orgam analyzed is shown
in Table 2. 1In the 350 cases not suspected of having any occupational exposurez
to uranium, only a few tissues showed a positive result. In four of these
cases the lung, lymph nodes, and kidney was positive, and in the remaining
cases only one, or occasionally two, of the organs from the same case indicated
a positive value. The distribution of only positive values is shown in Table
2. These data are apparently nct differcnt than tissue concentrations reported
elsevhere'’/. Occupaticnal histories were not conmplete and the residenca list-
ed was the area in which the person died and not necessarily his major residen-
tial area.

B. Occupationally Exposed Cases

The autopsy cases cbtained locally included a fex
Los Alamos Scientific Leboratory (LASL). At the pre
ar this Laboratory ve sign :d autopsy
organs during au:op ifi
authorized the re
biological = f
U.S. Transur
enccuraged to parti

D rt

pate in this scudy. Tke cases inclLdeA in this
have been grouped in the Appendix on the basis of their potential exposure to
uranium. Table A-1 lists the cases with a known high potential for exposure.
These cases include workers that handled uranium either in its pure or chem-

ically treated forms and/er were directly exposed to contaminated dust or {umes
during the course of their work. Table A-1I contains those cases susp2cted of
being exposed at scmetime during their emplovment at LASL. The actual emposure

for many Table are uncortain

cases

notantials

for ur:plxn as part of a ro ’ln* nracedu

exposure to uranium.

Some of the cases with pesitive analvses for uranium ave presented indi-
vidually along with details of their exposure potential, uvine excretion if
available, and the tiss concentration at the time of death. Medical records,
exposure nhistory, work hiscury, accidents, air sampling resul:ts, urine bio-

assay, etc¢. arc given when availabie
Case No. - 1-034 ) Sex - Male
Occupation - Machinisr (Foreman) Weight - 78 kg
Causc of Deati - Attacs A:u at Death = AD vears
HEL Code No. - 43401 Year of Doath - 1259
Lm.l voed - 16 wears

10010bI
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51 with cthner administracive
f

9 concentratica found in the shop prior to

i g. As a foreman in a shopa dawar-men; 1
unters wilh uranium aerssols. XNo urine samples were ¢
loyme::. The cancentraci:n cf uranium in the onlv tissue
tent with the early potzntial exposure. -

t

Case No. - 1-058 Sex - Male
Occupation - Machinist Veight - NA
Cause of Death - Heart Attack Age ac Death -~ 50 vears
HEW Code Yo. - 420.1 Year of Death - 1959
. Emploved ~ 9 years
The machinist worked in a deple:zed uraniva fabrication shop. The brezih-
ing zone air concentraticn during the working period varied up to approuir
25 ug U/m? depending on the work lczd asnd improvements in industrial bhv
controls. These c:n_rols and the urinary excretion of this and other ma
ists in the shop were described bv Campbell et al. (") in 1959. The urin ry
cretion of 9 uranium workers in the shop decreased from an average of 50 ug
lizer in 19534 to 10 ug U/liter in 1938 (Figure 1). The urinary excretion pac-
tern shown by this machinis® (Table %£) clearly follows the trend ¢ the group.
The uranium exposura was primarily to dust even thougzh fumes from metal turning
fires and overhezarted uracium machining were occasionally suspended in the gen-
eral room air. The particle size was estimatsd by Hvatt et al.,(s) to be 0.4
n th

to 3.9 um MMD (Mass Medien Diazmeter) depending ¢
the shop.

e operation and acrtivity in

The machinis:t worked with a large pieye of uranium during the dayv ricT to
& B b
his death that .evening. There were no signifizant athological fiﬂ:ings that
-1 &

coculd be related to a potential exposure.

The concentraticns of uranium i the post mortem tissues are shown in
Table 5. The high concentration of uranium in the lymph nodes confirms the
earlier exposures indicated by the urinary excretion levels during tha period
from 1950-1955. The ratio cof concenzration of uranium in the luang te that in
the lymph would probably not be "ﬁ=ﬂ*ﬂgfLL for modeling purposes because of the

high patential for less than a half dav prior to death. An inhalatic
sosure that day would have increzsad the lung buvrden but would net have ra-
t2d in significan: cransport ol the uranium o the lvaphatic sysoon,
Case No. ~ 1-128 Sex - Male
Occupation ~ Mechanical Tachnician Welght - 71 kg
Cause of Dzath ~ Asphyvia Age at Death - 31 vears
HEW Code XNo. - 925.7 Year of Death - 18951
Employed - 6 years

The employee workei in a very low potential exposure job on the Security
Force, but also worked part time as a techanician for two years. For the &4
years prior to his death he was emploved full time as a mechanical technician
involved with uraniun, containing various degrees of enrichment and also had
occasional exposure potential to Le%ga = 1"%La, During the period from May
1957 to February 19451, a tocal of 28 urine samples were collected with all
analyses indicatingz less than 5 _g cer liter. No significant exposure data
were reported during his @ﬂnlo:A en

Analysis of availaniz tissue

r
L

or uraniun is showm in Tabie h.

10010b2
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Case YNo. - 1-156 Sex - Male
Occupation - Machine Repair Tech Weight - 63 kg
Cause of Death - H=zar: Attack Age at Death - 51 years
HEW Code No. - 433.1 Year cf Death - 1961
Employed - 8 years
The technician repaired various machines in shops performing machining

operations on normal, depleted znd enriched uranium, as well as some assign-
ments in plutonium fabrication areas. Below are tabulated the working hours
in each area.

Area
(Potential Exposure)

Hours
(3-1-59 to 1-1-61)

Plutonium 552
Enriched Uranium 100
Depleted cr Normal
Uranium 270
Balance 303
No significant exposure data are recordad. During the few months prior to
his dezath, he was assigned full time in an enriched uranium machine shop for
nmaintenance of the machines. No urine samples were analyzed for uranicm during

the time of his employment. Tissue concentrations of uranium are shown in

Table 7.
Case No. - 2-003% Sex - Mele
Occupation - HP Laborer Weight - 68.2 kg
Cause of Death - Lung Cancer Age at Death - 68 vears
HEY Code No. - 163.0 Year of Death - 1967
Employed - 12 years

As a laborer, he was assigned to truck operations which handled contamin-
ated trash. The trash was sealed in boxes for disposal. During the 12 years
of exposure potential (1946-1958) approximately 12 high nose swipe counts and
no reportable incidents were documentad. No trine samples were analyzed for
uranium during his employment nor can any estimation be made of his exposure

to uranium.
The laborer diad abeut 9 years after his resignation. Only routine attep-

sy samples were available for analysis, and the results are shown in Table 8.

Case No. - 2-030 Sex - Male

Occupation - HP Monitor Weight - 62 kg

Cause of Death - Heart Attack Age at Death - 42 vears

HEW Code No. ~ 456.1 Year of Death - 1962

Employed - 10 years

The Health Physicist monitor was assigned to a plutonium processing facil-

ity.

During the 13 vears of employment, approximately 5 high nose swipe counts

were observed during the handling of plutonium with oaly one reported exposure

incident (1958)

involving enriched uranium in a graphite-box explosion.

Ne

urine samples were analvzed for uranium during the period of his employment.
The results of the analysis of tissues for uranium are shown in Table 9.

10010b3
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Case YNo. ~ 2-(093 Sex - Male
Occupation ~ Physicist Weight - 62 kg
Cause of Death - Malignant Melanoma Age at Death - 46 years
HEW Code Yo. - 196.0 Year of Death - 1562
Emploved ~ 10 years

The employee had no significant exposure potential to uranium having work-
ed in a nondestructive testing facility where units were inspected by x-rav.
No urine samples were collected for uranium analvsis and no significant exgo-
sure data were recorded. The results of the tissue analysis are shown in
Table 10.

Case No. - 2-126 Sex - Male
Occupzation - Chemist Weight - 79 kg
Cause of Death - Cirrhosis Age at Death - 52 vears
HEW Code No. - 581.1 Year cf Death - 1962
Employed - 7 years

The case was directly invelved in the disposal of ligquid radiocactive
wastes, including uranium, in & waste disposal plant. UNo exposure data or
urine samples analvzed for uranium are recorced.

Case No. - 3-014 Sex - Male

Occupation - Physicist Weight - 77 kg

Cause of Death ~ Cardiac Age at Death - 55

HEW Code No. - 420.1 Year of Death - 1965
Employed - 23 years

As a physicist, this case was directly involved with early reactor devel-
opment and weapon testing. His exposure potential to uranium during his 23
years of employment was minimal during the first eight years. His primary ex-
posure to any uranium was associated with fall-out from weapons testing. do
significant uranium exposure data are racorded. o urine samples were collec-
ted for uranium analvsis.

Case No. ~ 7-C1% Sex - Male
Occupation ~ Machinist Weight ~ 54 kg
Cause of Death - Heart Attack Age at Death - 62 vears
HEW Code No. - 420.1 Year of Death - 1971
Employed - 256 years

The machinist was employed in a normal or depleted uranium shop for 26
years with an occasional low exposure potential to enriched uranium for 14
years prior to retirement. The air concentration during his early work variecd
up to 25 pg U/m’ with a particle size range of 0.4 to 2.9 um (MMD) 5) depending
on the operation and activity in the shop. The air concentration during the
later 14 years of work was less than 5 ug U/m’.

The machinist died of a heart attack 6 months after his retirement. He
was known to have extremely fixed but somewhat peculiar dietary habits and was
a nonsmoker who use self-administered medicinals of various types and borde
on hypochoadria. His daily intaks of alcchol was sufficient to cause the ¢
hosis of the liver observed az autopsy.

The urinary excretion pattern of uvranium during the machinist's cmple
is shown in Table 13. In July of 1967, several urine analvscs wore higher
than normal and inconsistent with the work loocd in the uranium shop and al

330



were inceonsistent with the observed air concentrations and other empley !

(o3 s
urinary excretion patterns, His excretion of uranium varisd with an avera
concenctration of appLoxlwafe-A 30 .g/liter, except for an ll-day period
daily samples were collected at 11 AM and 4 PM under controlled cendit
a total excretion of aph“W"iﬂateL) 400, 82, 94, 400, 280, 195, 230, 18
200, 275, 60, 21, 21 . . . ug U/day. This excretion pattern was inconsisten
with bhis work load. Three other machinists in the same shop used as posit1ve
controls had no significant excretion of uranium (<5 ug/liter) during the szme
period. A large number of urine samples were collected during the ensuing 7
months in an attempt tc identify the excretion pattern. Every effort was made
to determine the source of the uranium observed in the urine. The uranium was
determined by alpha pulse height analysis to be depleted uranium similar to
that normally worked by the machinist. Yo change in his exposure, personal
habits or physioclogy would account for the increased urinary uranium excretion
or the diurnal variability observed. Urine samples collected during a period
of time during which the machinist was removed from the uranium work were simi-
lar to the previous pattern. Samples colleczed at home or at the shop
found to contain levels that were randomly distributed from zerco
to =100 pg/litar. Constant surveillance of the fluorimetric uranium
indicated that the fluctuations were nct ralated to either the analvei
niques or the urine collection procadures. Breathing zone and genarel
samples were found to be <10 ug U/m®. Omission of the various medicina
no effect on the random excretion rates observed. Removal of the machiaist
other nonuranium work areas had little effect on his uranium excretion pattern
until the middle of 1968 when an apparent expected and low level excretion pat-~
tern was reestablished. During the last 20 months prior to his retirement, no
significant uranium uripnary excretion was observed.
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Using the available data, it was estimated thert the luag burden of non-
transportable uranium was =15 mg or 30% of a perﬁlssible burden for deplored
uran€um(7) in mid 1967. After an additional 3 menths of study, the estimate
appeared high, but variability was too great to warrvant a more precise estima-
tion.

No significant gross or microscopic pathology other than that consistent
with cirthosis of the liver and heart attack were observed. Only the routine
tissue samples became available for chemiczl analysis. The results of the
analyses are shown on Table 14,

Case MNo. - 7-096 . Sex - Female

Occupation - Reczoverw Process On=2rator Height - 48 wg

Cause of Death - Leukania Age a:z Death - 61

HZW Ccde XN. - 204.3 Year of Death - 1972
Faploved - 28 vears

The employee worked as a recovery process operator. She encerec the hos-
pital in May of 1972 and died of acute granulocytic leuxemia in October cof that
vear at the age of 61. Exposure and bioassay data will be published as scon as
practical. Tissue concentrations are shown in Table 15.

Code No. - 10-002 Sex - Male

Occupation - Chemical Operator weight - NA

Cause of Death - Cranulocvtic Leukemia Age at Death - 65

HEW Code Yo. - 205.1 Year of Death - 1972

. Emploved - 25 vears
This person was a chemical tocinician for 23 vears. He died of rapicly

nrogressive granulocytic leuxremia and sov corenary artery discase.  Exposuird
and bioassav data will be published as R al. Radiomerric anaivses
results of his tissue concentratioms are o Ih.

10010b5 331






DISCUSSION

TESSMER: With the tissue concentrations, were you able to see a con-
stant ratio in any of them? 1In other words, as you looxked at each case, did
you find relatively constant distribution in the four tissues that you are deal-
ing with?

CAMPBELL: No, we did not find a constant ratio. Probably because of
the difference in time, from the time of exposure to the time of death, and al-
so the type of exposure the mar had. While these were machinists, they perform
a large number of different types of machine operatioms.

TESSMER: Did you have enough cases for a comparison?

CAMPBFIL: There were not enough cases in each type of category.

TESSMER: At least one of the cases szemed to have an exceptionally
high concentration in the lymph. When you say lymph, do you mean lymphoid tis-

sue, lymph glands collectad as such?

CAMPBELL: The reference is to trachial bronchial lvmph nedes.
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TABLE 1

RECOVERYT OF URANIWM FROM BIZT LIV

{rt

™
Iy

[ ygU added % Recovered * 1o
108 97 = 3%

, 54 93 + 4%

- 7 27 76 £ 63 -

¥ TABLE 2

: URANTUM IN TISSUE OF UNEXPOSED POPULATION

1 ‘

: MINTMUM TISSUES WITH POSITIVE URANIUM varrzs(l)
’ : DETECTABLE CONCENTRATION BANGE
LEVEL (ngl/g WET SAMPLE)

3 MpL (2) NUMBER OF THIS PREVIOUSLY
i TISSUE (ngl/g) " TISSUES STUDY REPGRTED
. LUNG 5 18 10 - 68 6 ~ 89
3 LYMPH NODES 2(3) 22(%) 4 - 62(%) —
gi LIVER 2.5 3 5,20,10 8 - 93
' KIDNEY 1 21 1 - 110 20 - 30
. BONE 2 2 10,30 4 - 28

(1) 35 out of 350 cases gave a positive value in at least one tissue.
(2) MDL - Minimum derectable lavel based on a detection limit of 5 ug U/lizer
of solution analyzed.
(3) The detection limit varies significantly depending on the weight of lymoh
nodes received and the volume analyzed.
‘ (4) Detection limit and results vary with weight and volume; the reported
1 values may be underestimated because of adnexal tissue.

o TABLE 3

. URANIUM 1IN TISSUE OF CASE 1-054

T ;

By . ORGAN WEIGHT

. RECEIVED CONCENTRATION OF URANIUM
ORGAN (g) {(ng U/g Wet Weight)

} LUNG 354 11

i
LYMPH NODES 25.4 4388

‘z 334

% 10010b8

N~

TR TN S e X O Y LMD TR TR YT AR | T WY YT RS R S A SR A AT W LI R D 1S M T AR AT W T - T T S L et T SSRGS A3 T RS L, SR R LT o pe e



TABLE 4

tn

URINARY ENCRETION OF URANIUM IN CASZ 1-053

NO. Or URANTIM CONCENTRATION
NIMBER CF POSITIVE (ug/lizer
YEAR SAMPLES SAMPLES AVERAGE MAXIMUM ¥ALUE
1950 36 34 29.6 250
1951 i9 12 21.7 73
1952 19 19 44,3 120
1953 15 15 53 250
1954 50 50 46.6 210
1955 49 48 35.2 230
1956 19 17 13 28
1957 6 5 g 14
1958 9 6 7 16
TABLE 5
URANIUM IN THE TISSUES OF CASE 1-058!
ORGAN WEIGCHT
RECEIVED CONCENTRATICH OF URANIUH
ORGAXN (2) (ng U/g Wet Tissue)
Vertebrae 124 31
Rib 163 20
Sternum 99 39
Temur 143 10
Marrow 7 “MDL
Lungs 1020 833
Liver 1320 5
Kidney 222 113
Spleen 383 <DL
Tracheobronchial LM 227 >545°
Mediastinal LN 442 57
Mesenteric LN - 1.4 <MDL

: . .. - -, (=)
Cose vefarred to in Wash 1231, Juae 19f~( .

' 0 0 ' 0 b “The presence of adnexal tfissue causes the caleouloced vranium concenzrafion to
q be low.

335



-3

ANIUM IN THE TISSUE OF CaSE 1-1l8

<

CONCENTRATION OF URANIUH
\

(ng U/g Wet Wedight)

LUNG 802 21
KIDNEY 367 25
LIVER 1776 <MDL
LYMPH NODES 15 <MDL

TABLE 7

URANIUM IN TISSULS OF CASE 1-150

ORCAX WEIGHT CONCENTRATION
RECEIVED WET WETICHT QF
ORGAN (g} (ng V/2) {Dis.

1 G

Tis
LIV

i
2
-
-~
N
5

7

1
LUNGS 112

(]
(o8
w0
~
ut

1
KIDNEYS 332 <MDL 3.7
TRACHBEOBRONCHIAL LN 36 17 <DL

17, . .
Independent radiometric mensuremernts.

URANILY 1N THE TISSUES 0F CASt z-004

ORGAYN WELGHT
RECEIVED CONCENTRATION OF URANIUNM
ORGAY (2) (ng U/g Wer Weight)

LIVER
LUXGS

—
(3] (W) L
w Sy~
o o W
— .
= 0
end

KIDNEY

i
e
22
=

TRACHEQBRONCHIAL LY

336
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TABLE 9

URANIUM IN THE TISSUE OF CASE 2-030

ORGAN WEIGHT

RECEIVED CONCENTRATION OF- URANIUH

ORGAN (g) (ng U/g Wet Weight)
LIVER 1013 <MDL

LUNG 677 9

KIDNEY 127 <MDL
TRACHEOBRONCHIAL LN 12 _ <MDL

VERTERRAE 14 <DL

TABLE 10

URANIUM IN THE TISSCUE OF CAST 2-093

ORGAN WEIGHT CONCENTRATION OF URANILYM
ORGAN RECEIVED {ng U/g Wet Weight Tissue)
LIVER c 3411 Lost During Analysis
LUNG 605 18
KIDNEY 179 <MDL
LYMPH NODE 14 28
VERTEBRAE 31 ' 90

TABLE 11

URANIUM IN THE TISSUES OF CASE 2-1286

ORGAN WEIGHT CONCENTRATION OF URANIUM
ORCAN RECEIVED (g) (ng U/g Wet Weight Tissue)
LIVER 2395 10
LUNG 1580 <MDL
LY¥PH NODE . 11 <MDL
KIDNEY 348 14
VERTEZRAE 360 QDL

1001071



TABLE 12

URANIUM IN THE TISSUES OF CAaSE 3-01:%

AN WEIGHT CONCEMTRATION OF URANIUY

0RGA

CRCAXN RECEIVED (g) (ng U/g Wet Weight Tissue)
LIVIR 1995 DL

LUNG 1003 578

LYMPH NODE 16 875

KIDXEY 105 <MDL

RIB 5 <MDL

TABLE 13

URINARY EXCRETION OF URANIUM IN CASE 7-01%

URANIUM COMNCENTRATION

NUMBER OF PCSITIVE (el/liter)

YEAR SAMPLES SAMPLES AVERAGE MAXIMD VALUZ
1957 1 0 - -
1958 9 8 9.2 19
1959 13 7 5 19
194630 4 1 - 7
19581 10 9 21 79
1353 7 5 13 38
1954 10 7 9 20
1955 46 27 14 124
1956 11 &4

1967 301 (74 dars) 253 (68 days) A 288
1968 13 4 11
1969 10 0 - -
1970 10 0 - -
1971 1 0 - -

338
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URANIUM IN THE TISSUE OF CASE 7-01%
CRGAM § CONCENTRATI

WET VZI

¥ OF URANIUM
OF SAMPLE

ORGAN (g) (ngl/zm) (Dis/min per ®z)
Liver 2002 <DL 1.43
Lung 101 88 101
Kidney 22 54 30

Tracheobronchial LN

Vertebrae

CRANIUM IN THZ TISSUES OF CASE

TABLE 15

<MDL
<MDL

7-0956

ORGAN WETGHT

RECEIVED
(g)

-4

TABLE

14

WoTHE TISSUES OrF

CASE 10-0G2

ORGAN

ORGAN WEIGHT
RECEIVED
(g)

Dis/min

ATTON

CONCENTR:

LY:PH
LUNG
ACRTA & ARNEXNAL
NIDREY

IVER

R
RIS

1001073

TISsUL

s
>~ v O

o O W
Wt W

(%
I~
(¢5]
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4)
5)

6)

7)
8)
9)
10)
11)

Any

PENDILIX

AUTOPSY INFORMATION AND TISSUE ANALVSIS DATA FOR CASES HAVING
A POTENTIAL OCCUPATIONAL EXPOSURE TO URANILM

Table contains the availabie background information on eaci cas

('J

Case Number - A unigque number assigned to each case at the time the
tissues are received by this Laboratory.

Occupation - A general description of the major werk responsibilities
of the individuals.

Resident - The city of residence at the time of death.

State - The state in which the city is located.

Cause of Death ~ The primary cause of death as identified by the
attending pathologist
HEW Code Wumber - A s

tandarized numericel identification of disease
and/or physical disabilities develcped and publishad by the Department
of Health, Education and Welfare.
Sex - Male (M) or female (¥F)
Age - Age at the time of cdeath.

Years - Yesars of enmployment,
Year-~ Year of death.
Xg - Weight (Kg) at time of death,

of the abeove information not available to us is identified as ""Na”.
0

in
Also included in the Table is infcrmaticn about the tissues and the znal-

vtical results.

1) Tissue- Identification of the tissue analyzed.

2) Wer Weight of Sample - The waight (2) of the tissue as received {rom
the patholegist. The specimen has usually had 2 small piece (=5-17
removed for histological examination and a 20g sample is
this Laboratory and preserved for future analysis.

3) Volume cf Sample - The volume (cm?) of 2N HNO; in which the ashed tis-
sue sample is dissclved and stored until analyzed.

4) Volume Sample Analvzed - The aliquot of the above solution taken for
analysis.

5) Uranium Mass per Volume analvzed - The nmeasured mass {(Lg) of uranium
in the velume of solution analwzed

6) Uranium Yass per (rgan Weight - The extrapclated mass (Lg) cf uranium
in the tissue analwvzed

7) Uranium Mass per Kilogram Tissue - The concentrarion ewpreosssd in L.z

Uranium/xg tissuve.

8) Uranitm l‘ass per Standard Organ - The extrapolated mass (ug) of uran-
ium in the ICRP Committee IV standard man organ weight. S=e Table A-1I1

Two methods were used in the fluorometric analysis of uranium (see taxt

for a description of ecach methed). The minimum decectable level (MDL) for each
method was a function cf the background, the count statistics, the size of the

allquot analyzed, etc. Therefore, the use of larger aligquots increased the
1

sensiti

vity and resulted in the variation in MDL observed in samples whara an

. k]
aliquot greater than 0.1 cm’ was analyzed.
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