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WHAT WE HAVE LEARNED ABOUT PLUTONIUM
FROM HUMAN DATA*

G. 1. YOELZ
Health Division, Los Alamos Scientific Laboratory, Los Alames, New Mexico 87544

¢ {Raceived 111 February 1975)

{ Abstract—Human data on plutonium depositian, internal distribution, and excretion have
. been ohtained by observadons after accidental occupational exposures, long-term follow-up
. studies on plutonium workers, and autopsy tissue analyses. No significant barmful effacts
have been noted in bumans, although a small foreign-body type nedule arcund dermal
irmplantations of plutonium has been described in eight persons. Methads used to estimate
body burdens by urinary excretion values appear to be conservative generally compared to
autepsy tissue burdens, Variations in autopsy tissue distribution appear to be related to die
conditions of the plutonium exposure including mode of exposure, particle size, chemical
compositian, solubility in serum or tissue fluids, and time after exposure for internal redistribu-
tion. An important conclusion of this human data survey is the recognition of the inestimable.
value to be gained by continued careful studies an the life history of workers with higher
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plutonium exposures.

Ouvr wxowrence of plutoniwm  toxicity
derived from both human data and animai
radiobiological experiments. The available
human data can be sammarized as being scaniy
and fragmentary, consisting mostly of uncon-
trolled observations following exposures with
accidental and unplanned experimental design.
These characteristics of human data  arc
applicable rather universally to most studies en
human toxicology. Yet it is worthy of aur
attention to note the important role thas
human data have played historically at =
means of identifying unknown toxic materials
or unsuspected bivlogical reactions. 1t has been
rather common to have an offending agent
identified, or brought more forcefully tw our
attention, as a result of witnessing only a very
few ‘'cluster” cases of human discase that have
an unusual incidence in a small exposed
population,

The history of beryllium toxicity exemplifies
the ability of a few human cases to change the
pace of taxicological investigations. Empluyees
working on extraction of berylium from bervl
ore in Europe had been observed to develop
lung disease as early as 18933 by Weber and
Engelhardt. A number of human cases were

* Work performed under the auspices of the U §.
Atomic Energy Commission.
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reported subsequently in the European literature
and some experimental animal studies showed
lung lesions after beryllium exposure, but unt]
the carly 1340s it was still gencrally regarded as
an innocuous substance in the United States.
In 1843, the unusual incidence of four cases of
lung disease, diagnosed as Boeck’s sarcoid in
workers of one plant was noted by Bowditch
{SmrpMan, 1966), which opened up intensive
tnvestigations of this toxic metal. In the next
fow vears numerous cases were noted and
chronic berylliosis was also reported in the
immediate neighborhood of processing plants.
The probability of identfying the potential of
chronic berylliosie by animal experimentation
alone s of interest. Extensive studies over many
vears were made to reproduce the identified
human pathology—production of chronic
beryllium-induced granulomas in animals
proved to be an experimental challenge not to
be taken lightly and has never completely
duplicated the human reaction. As one would
expect, after the disease state was recognized,
protective standards were set on the basis of
available data in humans, plant exposure
ronditions, available animal data, or toxicity
estimates based on experience with other
substances with similar toxic properties. A
beryllium limit for workroom air (0,002 mg/m?

as the time-wcighted average concentration)
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was adopted by the USAEC in 154Y after
several years of study by an advisory comnuittee.
This value continues 10 be used as the staudard
up to the present time.

The most recent occupational disease in
which human disease has initiated an tntensive
investigatian is the carcinogenesis produced by
vinyl chleride and related products, The
oceurrence of three cases of a rare tumeor of the
liver, angiosarcoma, during the period of
September 1971~December 1973, in a group of
several hundred exposed workers at one plant
was the trigger to the investigation. Although
the cases were diagnoscd by different physicians,
this rare diagnosis in three individuzls was
surmised to be related with work exposures in a
polyvinyl chloride plant (Creecu and Jouwson,
1974). This finding was reported in January
1974 to the National Insttute of Occupational
Safety and Health (NIOSH). Seven addiuonal
cascs were identified among vinyl chloride
workers in the U.S. in the next couple of months.
[.ess than 3 months later, a proposed
permanent standard of near zero (helow
detectable limits) exposure was propnsed by
NIOSH compared to the former {ederal stan-
dard of 500 ppm and a temporary standard of
50 ppm that was impased in April 1974, This
example points out agau that the discovery of a
few human cases determined the need for more
intensive research studies and better conirol
technology.

The biclogical damage in humans caused by
lonizing radiations has a similar history 1o those
that could be cited for toxic metals and
chemicals. In retrospect, it is interesting ta note
that Harting and Hesse published their first
paper on the unusual incidence of fatal Juny
disease (subseguently proven to be bronchogenic
carcinoma) in Schneeburg miners in 1873, Jong
before the discavery of radioactive materials
(IAEA, 1964). It is also noteworthy that their
observations went unheeded until aver 40 yr
later when the study of lung cancer in miners
was undertaken in a more intensive fashion.

The report of MARTLAND ¢f af. (1925) first
described the clinical effects of radium peisoning
in luminous instrument dial painters and led to
Martland’s classic paper (1929) on the develop-
ment of osteogenic sarcoma in these workers.
His analysis on these cases is apropos o aur
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subject today: ‘“The incidence of two sarcomas
of bone in fifteen cases of radium mesothorium
poisoning is too large to be passed over as duc
to coincidence, Since this is the first time to our
knawledge that sarcoma of the bone has been
attributed to radiation, the case is of sufficient
interest ta be reported.” This observation was
the start of additional studies by H. §. Martland,
R. D. Evans, and J. C. Aub in the problem of
radiation oncogenesis due to radium. In 1941,
a task group assembled by the U.S. National
Birreau of Standards selected a tolerance dose
of 0.1 ug radium residual body burden for
workers based primarily on the study of about
20 individuals wich substantial body burdens of
radium. By the early 1950s, this radium
standard and ather radium studies were used in
conjunction with relative radium/plutonium
taxicity to set the plutonium standard (0.04 uCi)
still in use. Today the Center for Human
Radiebiology at the Argonne Natiomal Lab-
oratary, a U.S. Atomic Energy Comnuission
supported project, continues to fbollow about
[160 persons with radium burdens in order
refine and add to our understanding of minimal
burdens that can produce pathological effects.

Although the exposures responsible for identi-
fication of a cluster of ttuman cases are obviously
excessive, the rapidity with which the incidence
of disease rises above certain exposure levels is
not always recognized. It should be noted that
specific diseases of interest jn toxicology may
exist at only 1 very low natural incidence nnless
influenced bv external factors, In the radium
cases, the incadence of osteosarcoma  was
recognized as being unusually high. An
increase of radium exposure of a facter of 3 or 10
above the point of recognizable toxicity produces
an easily identified incidence of ostengenic
sarcoma. The curve (Fig. 1) reproduced from
Evansefal. (1972) demonstrates the remarkable
discase incidence witnessed after a significant
exposure leve] was reached; the occurrence of
tumors wasg zero in 503 persons receiving under
1000 CR, average skeletal cumulative rads,
while the rapid increase in tumonr incidence is
apparent abiove 1000 CR. Compared to an
incidence of aver 209 seen above 1000 CR, the
age adjusted death rate in the U.S. from all
bone tumors, including ostcosarcoma, is only
abaut 1 per 100,000 persons per year {Bursank,
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Fig. I. The observed tumor cumulative inci-

dence or occurrence in the ‘‘epidemiologically

suitable” radium exposure cases. The shaded

region corresponds to the mean occurrence

# =0.28 £ 0.06 between 1000 CR and 50,000

CR. (Figure reproduced fram Fvans et al..
1972.)

1971}, One could use graphs of other toxic
materials which plot exposure vs disease
incidence to illustrate the marked effect of o
factor of § or 10 in exposure above recognizable
disease induction levels. This general con-
clusion is supported by the data of animal
radiobiological experiments with plutonium;
shown at this sympostum.

Based on these historical observations, it is
suggested that human studies have generally
been of value in the study of occupational
disease in three major ways:

(1) Initial identification of toxic effects has not
infrequently resulted from recognition of human
disease and is then related to exposure to
specific agents,

(2) These initial observations have often been
made on only a few individuals without the use
of a control population.

(3) As exposures reach significant levels, a
relatively small change in exposure, a factor al
10 or less, will usually produce relatively large
changes in the incidence of the specific disease
of interest.

Thus we should recognize the potential
importance of human data, both positive and

negative, in our assessment of the toxiciry of
>

plutonium. The available data are limited, bur
include the initial observations after accidental
occupational exposures, long-term fallaw-uy:
studies on plutowium workers, and autopss
tissue data.

8
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EVALUATION OF ACCIDENTAL EX-
POSURE CASES

The initial human studies were related to the
need to protect those persons working with
plutonium un the Manhartan Project (1943-
1946). Those studies were divected toward
finding methods to measure the exposure to
workers and to evaluate the consequences of
accidental expasures.

The develepment of a plutonium urinary
assay methoed at Los Alamos began in January
;944 and was applied routinely to plutoninm
workers there {n the carly part of 1945 (HewpEL-
MANN ¢f al., 1973a). This was followed by an
intensive period of investigation to establich
4 relutionship between concentrations of plu-
whium in urine to the plutonium deposition in
the body. By 1950, Langham (LancHAM ¢f af,,
85(); LancHAaM, 1956) had derived a single
power function equation to describe this
relationship based on data obtained on human
subjecss with short life expectancy 10 whom
plutonium citratc was given by intravenous
snjection,  This subject has been critically
reviewed and reanalyzed recently {Duraiy,
“472),

Stnee that time accidental exposures, whather
through inhalation or wounds, were studied tor
absorptinn rates of plutanium, excretion values,
and evaluation of possible treatment techniques.
The urinarv exeretion curve following occupa-
tional exposure and the Langham equation
were shown ta be in reasonable agreement if
numerous samples were collected over time
periods of severul vears or more, and the
plutonium  deposition was available to the
systemic circulation. Inhalation of less soluble
plutonjum forms into the lung may provide a
lung deposition that is only slowly released to
the systemic circulation. In these cases, the
urinary excretion reflects the transfer rate {rom
the lung deposition and it may take weeks or
months befure the excretion curve of the systemic
body burden manifests itself. This slow release
madel, first formulated by Heavy (1957), is now
well accepted but obviously the parameters that
determine the transfer rate to the systemic
sirculation are dependent on chemical and
nhysical factors of the aerosol inbaled and
usually car be determined only hy numerous
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measurcments after a particula: L
Figure 2 illustrates a delayed urinary esxremms:.
pattern  from an
“insoluble” ***Pu compared to the Lamghoxey
excretion curve. In this case the excrethm sme
was undetectable for several months followed
by a rising excretion for over 2yr, whikk
reflects the slow solubilization after this pae
ticular plutonium inhalation. The mjer
product of human studies after accidemall
exposure has been a better understanding of e
uptake, metabolism, and excretion of plutoesmey,

The number of such investigations of coceges
tional exposures is unknown, but is =y
hundreds iff all minor wounds and airtxee
concentrations that could result in poscesai!
body depositions of plutonium in mam were
collected. For example, more than 300 womsds
were reported to indicate some degrer of
plutonium contamnination by direct weoussd
counting techniques at the Rocky Flacs Pl
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Tebla | A5C amiraiion pursommel with intornel plutowinm depositions
{1997-1970)
PER GNT JF OLQPASIONAL NUMBER OF
PEXM)SATBLT BEWY BILIUENS IKDIVY1DUALY
3 to 50 118
D0 ro ] 38
S T 2 13
e te 00 1S
00 to 300 15
$p0 to 1300 7

Tota. 203

Re data {rew Divisipn of Operational Sazfety,

e, <

for the period from 1957 to 1963 (HamMonp and
Purexzr, 1964). The more significant exposures
tegorted on AEC contractor personnel during
ths period from 1957 through 1970, are shown
in Table i. The importance of inhalaton as the
major route of catry for occupational exposures
iwapparent in Table 2.

Formal studies for delayed effects from these
exposures have not been reported, so it is only
possible to state that no cases of acute human
pathology following plutonium exposures have
been reported to date. Most of these workers
have been followed with regular periodic
medical examinations during their employment
with. ARC contractors, After termination of
employment most workers have not been
foliowed by medical examinations for the
specific purpase of determining possible clinical
eificrs from plutonium (or any other hazardous
materials they may have encountered in their
work).

As for chronic effects, it is noteworthy that the
only clinical or pathological finding reported to
date is the formation of fibrous nodules around
the site of plutonium depesitions in wounds
within a few months to several years in a few
instances. Light such cases have been reported
(LusgBavon e al., 1967) which describe a

Table ! AEC eomgractor persomns! with insernal pbstemiumm drpe ritions
{1957-1970)

QTE CF ENTRY NUMBER OF CASES

(NALATICX 131
YOND Lt
[ehat) 8
TINKNOWN 16

s

otz 203

beedy Data frm mvu ioa Of Dperaticaal
AEL
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Table 3. LASL pludorium worksts siudy

Eraciion of MPAB* Originial vtudys Taiad
5« 10 3 H
3 5 B v
1- 3 10
0.1 -) 7 b
25
Deceased i i

* Magimup Permissible Rody fuvrden (MPRE) is
S
A0 nznpLLIics 23%py,

melanoma bas been removed from the chest
wallof one of the subjects. Another had a partial
gastrectomy for a bleeding uleer, There are the
expected assortment of mild hypertension,
uleers and obesity,

Neo significant abnormalities were noted in
the lungs or bones {chest, pelvis, teeth) except
for one suspicious “coin lesion” in the lung that
enlarged slowly on several chest X-rays,
Surgical exploration rsvealed a benign lung
lesion, a hamartoma. The surgical specimens
were examined for plutenium, including auto-
radiography of a lymph node containing about
200 pCi ¥¥*Pu/g (Fig. 4). These studies revealed
the very nen-uniform radiation dose distribution
from plutonium particulate exposure and
correlated well with body burden estimates.

Estimates of plutonium deposition in the lungs
were made by in vive chest measurements and
positive counts were obtained for 14 of 21
persons measured. They all were low values
(below 10 nCi) and nene exceeded the detection
limit of the counter at the 959 confidence level,
One individual was known to have had a
contaminated hand wound in {945; this was
precisely located by external counting and was
estimated to comtain 5.3 4 0.4 nCi in 1971.
There was na gross skin abnormality or nodule
formation at the deposition site. This observa-
tion compared to the skin lesion described
earlier (LuseBavuan and LanciaMm, 1962) may
indicate that the depth of deposition in relation-
ship to the basal epithelial layer of the skin may
be important to nodule formation.

Sputum cytology showed no ncoplastice
changes; however, nue 3-packs-a-day cigarette
smoker was noted to have marked dysplastic
cytological changes. Chromosome analysis of

*0006258¢
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penipheral Iymphocytes showed no  abmor-
malitics in this group.

As these studies are continued, it is ohvious
that the natural incidence of discase will provide
interpretadon difficulues as to the etiology of
disease. The number of workers is so small in
this study that to date it has not been considered
necessary to establish a contral group but rather
to simply record our observations. It seems
likely chat if these exposures were grassly
excessice, pathelogy as experienced with radium
or other woxic materials could already have bheen
apparent. The most likely pathology, based nn
knowiedge from experimental animal studies,
is lung carcinomas (after inhalation exposures),
liver cancers, and osteogenic sarcomas of the
bone. The probability of naturally occurring
tumaors in these organs based on disease inci-
dence in the TLS. suggests one might expect
abant 0.8, 0.15 and 0.04 deaths respectively
from such disease in a group of 25 persons
{HempeiMANN ¢f al., 1973b).

At the present time an expansion of the Los
Alamos study is underway. The figures on
Table 9 indicate the number of individuals with
exposures above 1097 of the maximum per-
missihle body burden (MPBB) who will be
included in the study. The table shows that the
additional cases are generally below the MPBB
and that the original study group has already
included many of the highest exposed
individuals,

The Unired States Transuranium Registry,
operated {or the U 8. Atomic Energy Com-
mission by the Hanford Environmental Health
Foundation, Richland, Washington, is respons-
ible for maintaining records on all workers who
valunteer for the Registry program. Most of the
major AEC contractors cooperate i this
program in which over 5000 workers have been
identied who have worked inm or around
plutonium areas. This program has not
included periodic medical examinations, but
has concentrated on assembling available
health physics and medical records and on
promating an autopsy examination program
that can confirm clinical diagnoses and ascertain
accurate plutoniuni content in the various
orzans. To date, over 800 workers have given
permission for autopsy examination in the
Regissry program (Norwoop, 1974),
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AUTOPSY DATA

Studies of plutonium content in tissues
obtained through postmourtem examinatons
started on an informal basis many years ago
through the initiatives of several AEC con-
tractor laboratories. These studies were started
as early as 1949 at the Hanford plant, Richland,
Washington (NEwTox, 1968) and by 1959 at
Los Alamos {CameBeLL ¢t al., 1973), There are
tiow over 750 reported autopsy cases that have
been studied for plutonium concentrations
(CameBeLL ¢t al., 1973, 1974; LAGERQUIST ¢f ul.,
1973; Newson ef al., 1971, 1972; NewTowN
et al,, 1968; and Norwoob ¢f al., 1973). Of this
total, about 639% of the cases are fram the
general population for fallout and background
studies, about 23% are on persons who had
worked around but not in plutonium areas (low
exposure potential), and about 149 are on
persons with a history of plutonium work,

Initially, these programs were designed to
determine the tissue content of plutonium for
correlation with estimated body burdens of
plutonium workers from urinary excretion data,
These studies were implemented primarily for
evaluation of health protection practices rather
than plutonium effects studies. Through the
years, improved counting technigues have
permitted the investigations to be extended ta
determining the very loew levels of human
assimilation of plutonium due to atmaspheric
weapons testing or other environmental sources.

The early results at Hanford {NewTon et of.,
1966) an 41 autopsies shawed no undue
accumulation of plutonium in workers. It was
noted that the tissue content was less than nne
might predict from measured air concentrations
in the plant, The tissue values on these individ
uals were low znd their exposures were appar
ently quite Limited since only one {ndividual had
detectable plutonium excretion in uvine.

The paper by Schulte at this Symposium
presents some of the Los Alamos data pertaining
to the cotuparison of the estimated bady burdens
from urine dats to the tissue analysis from
autopsy examinations. In six of eight cases, the
comparison shows the urine excretion estimanes
of bady burden to be high by a factor of about
ane to five, while in the (wo other cases che
discrepancy is much greater,

It was noted ecarlier that the U.S. Tran:-

00062581-/
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nranium Registry has had over 800 voiuntary
registrants who have consented to participate
in the autopsy program, At the present time,
the Registry has data en 41 cases (NorwooD.
1974), and the preliminary results of some of
these cases have besn published (NorwooD et al.,
1873; LAGERQUIST ¢f al., 1973). The studies on
persons who had worked at the Rocky Flats
plant (LagERQUIST ¢t al., [973) indicate thatin 7
of 19 cases it was possible to make body burden
estimates from urine assay results. In each case,
the estimate exceeded the value derived from
tissue analvsis extrapolated to a systemic bedy
burden. The ratios ranged {rom "less than’ 1.7
to nearly 6. In the other cases the urine values
were below detectable levels although small
values of plutonium were present in the tissue
samples.

In such comparisons, it is necessary to recog-
nize the fact that tissue samples require large
extrapolations to project the tatal “systemic
boedy burden.’” Therefore, sach comparisons
indicate an order of consistency between two
methods and not the precision of either method.,
1t appears that the urine assay method may con-
tajn some conservatism in the derived values.

The autopsy prograrms also provide data on
the distribution of plutonium in various organs,
CanpBELL et al, (1973, 1974) have reported data
on selected tissues from 370 autopsies. Of these,
15 individuals worked in plutonium areas with
considerahle potential for exposures, 45 worked
at the Los Alamos Scientific Laboratery but not
in plutonium areas so there was low potential
for exposure, and 310 were on individuals with
no potential for occupational exposure so they
rcpresent general population valucs. A sum-
mary of the data for selected organs is presented
in Table 4. The occupational exposure potential
was determined as being high or low by an
independent evalnation of a health physicist
who knew the individual’s occupation and work
locations, but not the analytical data from the
dssue studies,

The argans measured in the Los Alamos study
are primarily the lung, tracheobronehiaf lymph
nodes, liver, kidney and bone. The data
confirm the increased plutonium in  those
workers with higher cxposure potential and
show considerable individual variation in the
activity fonnd in the organs from case to case.
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Table 4. Summary ¢f 370 autopsy cater

Plutoniums My

¥edisa CoNcentTarions .n lgfmunkg

LASL ¥orker

General Povuistion Iappsute Fotentiad

138u-r0%) 18721078 (X5 High
Lreph Nubes® 5.0 (164)% 235 {47 1.0 (42) 70D 1)4)
Liver 1,0 (3)3) 1.8 154) 1.0 (41) 100 1%)
Lug Ty 0.6 104} .0 (46 300 0:8)
bone 0.6 (i6R) B.3 (%K) 0.3 (25) 50 (8%
Kidney 0.6 (183 Lesn 0.0 (42 10 {23)
Conad - oA L) .-
1 Trachecnsonchisl 2yeph noces
2 Primaridy vertebis) boas sapplax
3 {n) = pualey of samples
Ref: Campbeldl gt 3l ., 292300476,

The concentration of plutonium in activity

per kg is nearly always highest in the tracheo-
bronchial lymph nodes while the concentration
in the lung and liver is generally somewhat
higher than in bone,

Other autopsy data (LAGERQUIST ¢t al., 1873;
Norwoop et al., 1973) also show highest
concentrations in the tracheobronchial lymph
nodes followed by lungs and liver after inhala-
tion exposures. Wound deposition may cause
higher concentrations in the nearest regional
lymph nodes. Plutenium concentration in hone
is frequently less than in the above organs,
but due to the large organ size the total activity
in hone frequently represents one half of the
body burden or more. These distributions are
highly variable. Furthermore, Norwoop ¢f al.
(1973) point out that the concentrations found
at autopsy are far different from those which
might be expected from the assumptons upon
which the present JCRP body burden calcula-
tons are based. It appears thar the critical
organ for any given individual case might be
bone, lung, liver, lymph node or wound site.
The most important determinant of the con-
centration 13 related to the conditions of the
plutonium exposure including mode of exposure,
particle size, chemical composition, solubility
in serum or tissue fluids, and the length of time
the body burden has had to redistribute itself.
These factors vary with time after depeosition so
that dose calculations based on autopsy findings
must consider the possible time-related transport
and distribution effects, It is apparent that the
physical and chemical factors at the tGme of

*00062557
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exposure must be known better if good correla-
tinns vo future cases are to be made more
meaningful.

The Los Alamos data on the general popula-
tion (Table 4) show that the concentration of
plutonium in persons exposed only to world wide
fallout, presumably inhalation exposures, shows
relatively little variation between organs. All
values are within a factor of 2 ar 3, except for the
tracheobronchial lymph nodes. Much of the
increased concentration in lymph nodes in the
1972-1973 data is attributed to paying greater
attention to dissecting the lymph nodes from
other tissues. The [972-1973 values are
undoubtedly more representative of actual
lymph node concentrations.

Even though such radiochemical analyses are
done at extremely low counting rates, the
interpretation of the data may reveal new
physiologic processes in the redistribution of
plutonium. For example, in Fig. § {CamereLL
et al., 1974) the concentratons of plutonium in
liver and lung in the general population are
plotted as a function of age at death. The slope
of the liver data shows accumulation of plu-
tonium with age, while the slope of the lung does
not. The significance of this information is not
yet fully understood, but illustrates potendal
distributional effects with time and age.

The autopsy programs have not contributed
any information vet that is helpful with regard
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to possible effects in man. These data have the
same type of statistical difficulties as discussed
on the long-term foliow-up studies on plutonium
workers. The pathological descriptions do not
help identify the eticlogy of any ncoplastic
diseases discavered and the number of cases that
have come to autopsy so far does not permit any
statistical conclusions. The desire to attempt
preliminary statistical evaluation should be
resisted since it can neither prove nor disprove
any conclusion at the present time. In 13t
published autopsies of workers who have been
around or in piutonium work, there are 32
(2394) who have a neoplastic disease listed as
the cause of deach, The incidence and distribu-
tion of neoplasms do not appear unusual so far.
It is mentioned only to peint out the need o
continue collecting informarion of this type.

CONCLUSIONS

Plutonium is a unique element in many wavs,
including our experience to date in humans.
Unlike many materials that man has used, the
poteatial toxicity of plutonium was recognized
almost as soon as the element was discovered.
After 30yr, our human experience has not
provided duta that indicate harmful effects have
occurred from the exposures to data. The credit
for this accomplishment belongs to many
physicians, health physicists and biologists
interested in protection of workers in the nuclear
industry. Their work resulted in setting an
exposure limit to workers at an carly data that
was 10 provide reasonable assurance that work
could be done safely. Human experiance to datr
provides no examples of deleterinus effects thar
suggest that the early guide has not served its
purpose well.

[t is noted that history of other industria.
toxins shows that gross exposures as well as
relatively smaller excesses of cxposure hawve
produced recognizable disease in workers
Fortunately, this has not occurred with plu-
toniurn and suggests that the basis for the
current occupational exposure limit has beer
reasonably accurate. One may argue over
smaller differences in possible risks or relacive
safety compared to other standards or other
hazards at work, but experience in humans to
date does not suggest that there ars differences ol
large magnitude, say a factor of 10 or morc
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required in the plutorium standards to maintain
safe working conditions.

Human studies and autopsy results have
provided a body of information an excretion
data, distribution in the body from various
exposure canditions, and long-term follow-up
effects data that are invaluable and can be
ascertained definitively in no other way. This
information is just beginning to emerge into a
sulliciently large data base that patential long-
teem effects on man can be identified. The
data in man already extend well beyond any
animal experiments that could be conternplated
and one of the more important conclusions at
this time is to recognize the inestimable value of
more careful studies on the [ife history of
waorkers with higher plutonium exposures. The
apportunity is here now; the subject requires
more intensive study, particularly during the
next two decades as the earliest plutonium.
exposed workers reach retirement age and
beyond.

The issues discussed at this Symposium on
plutonium texicity play a central role in the
nuclear industry and its health management
funcdons. The health issue will be the pivot of
many decisions. Our worker populations may
provide some of the needed answers. Ten to
fifteen vears from now, as the next series of
long-term animal experiments at loewer exposure
levels are being studied for terminal effects data,
the early plutonium workers will have a [life
history of farty to 45 yr of exposure data.
Careful planning and accumulation of these
data c¢ould answer many of our questions of
today. In my opinion, our planning and
execution an these studies is not yet appropriate
o the value of these data even though the
overall effort and interest is gradually being
increased, Unfortunately, in most cases, these
interests are still secondary to other rasponsi-
bilities of the investigatars. There i¢ a
continuing need to assure that study plans and
review procedures of the proposed data collec-
tion, analvtical procedures and assessment
studies will provide the wost useful and reliable
answers.
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DISCUSSION

SHREVE, J.: You mentioned tissue burdens being
less bv a factor of 2 or 5 from that expected from
urinalysts; I was curious abiout whether there was
any whele-body counting done and whether that
would be anticipated as you locate some others for
the UPPU Club?

Voere, G. L. The comparison was made pri-
marily with urine data, which is our primary indicator
fur phutonium burdens. I would say that whole-body
counung for plutonium in low-order exposures,
wlicl. these autopsies primarily represent, hasn't
given us good information.

SHREVE, J.: Was it detected though?

Vartz, G. L.: We have used whole-body counting
operationally in studying people but, for the most
part, our exposures in lung are below our limits of
plutonium decection; we can se¢ americiurn, but we
don't see plutonitum in our chronic, long-term
workers,

Panker, H. M.: Isn’t the present sensitivity of the
external method lacking by two orders of magnitude
of that needed to measure what you find in the bulk
of these autopsy cases?

Vorrz, G. L.: That is right, and even if we have
the sensitivity in rome cases of exposure, the statistical
significance is verv marginal,

SMcCrertan, R. Q.: As 1 recall, at an earlier
time. some plans were heing made for radicanalysis
of the complete body on a few individuals. I am
wondering if some of that bas been done and com-
pleted and, if so, o whar exient the analysis in terms
ol major tssues such as lung and liver provides an
accounting of the body burden of the individual ?

Voarz, G. L.: The answer is, no, we have not had
complate bady autopsies ro date,

Norwoop, W D.: This i2 a good chance to ask
anybody if they 1nay have had an opportunity to talk
to people who have, say, an estimated quarter of a
bodv burden ra allow a whole-body autopsy. We
would like very much to get all of the bones of the
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body and a large number of muscles and fat and other
tissues which we now have to extrapolate by a {actor
of 20 ot more from a smal) sample that we can gr1 at
autopsy.

Watp, N.: Since we are talking about what we
have learned from humans about plutonium, I think
it might be appropriate 10 add & comment about z
case which was not included Ly Dr. Voelz, since
nothing was leammed from it. I am referring s arn,
appendix of the Tamplin-Cochiran petition whichis a
dissection of a consultation report which I prepared
concerning an individual who was alleged to have
developed cancer and died of it as a result of &
plutonium exposurc. The appendix omitted the
consultation report and simply dissected theic view
of it. The reality is that there was no evidence for
plutonium exposure in that individual at the time o
the incident in which he was jinvolved, at which time
there were bivassays of unine and feces as well as a
careful medical examination by Dr. Roy Albert.
About 4 vr later, he did develop a neoplasm of the
hand and, at the request of the defending U.S,
Attorney, 1 cxamined the individual; whole-body
counting shawed nothing, and wine and lzcal
bicassays showed nothing. We obtained the iuitial
tissue biopsy when the first lesion developed in this
individual; radicautography as well as countirg
showed nothing. We ohtained additional tissue ai
arnputation, and again radioautography and enunting
of the clavicle showed nothing. Therefore, there was
no basis for associating plutonium as a cawse for the
neoplastic disease which unfortunately killed thi:
individual. The case was sertled befare coming 1
trial; however, in my view, this does nat constitute
any acceptance of plutontumn as a causation in this
case,

Veerz, G. L.: Some information which [ did no
include in my presentation might be of interesi t.
you.
measurement, ane of which is a detector which mighr
[ook at lymph nodes in the chest. If you could place
a detector into the. to _the level of the

We are still looking for new techniques of
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we just very recently have tried such a device. A
sodium iodide detector with a light pipe connected
1> an external photomultiplier was placed in an
individual {o the level of the carina, and mecasurc-
ments were made also above and below this level.
We got positive signals of both americium and
plutonium. I think the testimony of this particular
volunteer was (and 1 might say, we could not see
phutanium on the external count) that he would be
willing 1 do it again,

Sixke, G, J.: Dr. Voelz, early in your speech, you
talked about having 30 yr of experience showing verv
few or no cause-eflects data on bumans and gave
credit to gnod control of exposures. Could part of
this good experience have been atwibutable to
DTPA treatments, debridements of wounds, and
ather methods?

Vortz, G. L.: The individuals whiom we have
followed for 30 vr had no treatment, either DTPA or
debridement of wounds, Wound debridement at Los
Alamos has heen very Jimited over the last decade;
wt: have had about 12 to 15 wounds a vear that we
monitor, of which perhaps one has detectable activity
in it, and these were low enaugh levels that we have
not generally had to excise them.

Mavs, C. W.: You stated that yvou are not
expecting to see many cancers, The question is
whether, when they do appear, they can be related
to irradiation or 1o ather factors. You should make a
detailed effort to obtain data on their histories while
these patients are still alive so that, when the results
do come in, vou can perhaps carrelars some of these
viher factors. I think it is important that you include
in this study not onlv the highly expased individuals
but also those individuals exposed at lower dose
levels who can act as pseudo contruls for trving to
separate out these effects,

Voerz, G. L.: We have tried to do this 1 our
history taking. There are some individuals in this
long-tenn  follaw-up group whe worked with
materials, a list 01 whxch reads like vour chemical




