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WHAT WE HAVE LEARNED ABOUT PLUTONIUM 
FROM HUMAN DATA* 
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Health Division, Loc Alamos Scientific Labratoy, La Nunor, New hfwico 87544 

(RurV:cd F'rbnrary 1975) 

Abstract-Hiurnan data on pIutoniurn de~iosItion. internal distribution, and acretian h a v e  
hem obh&cI by observations aftcr accidutirtd occupational nrpow,res, tong-tcmt follow-up 
studies on plutonium worken, and autopsy trsrue analyses. No signlficanr barmfd e f f ~ . ~  
have been noted in humans, although a small forcipbody type nodule around dermal 
imphtntions of plutonium has bceri described in eight penom. M c t h d  used to estimate 
body burdens by urinary cxcrecion vdua a p p w  to be conservative geiicrally coarp3re.d to 
autopsy tisue burdens. Variations in autopry rissiir dirtrihulion appear to be relatcd to tlir 
conditions of the plutonium exposure includmg mode of  pure, partide size, chemical 
cornpition, solubiliry in iemm or h u e  Aujdr, and time dtec expowre for intcrnd rcdhtribu- 
tion. An important conclusion of this human data survcy is the recognition of thc inatirnablc 
viiluc tri he gained by continued careful s t ~ 1 1 3 . e  an the life &tory of worken with hixher 
piuiarlium cxporura 

OUR wowLmr,E ol' plutaniun toxicity P, 

derived from both fiurnan data and animii; 
radiobiol o g i d  experiments. Th B av3ilable. 
human data can he summari7.rd as being Y C B I ~ I  

and fragmentary, consisting mostly of ~incoii. 
trolled obscrut ions following exposures w i i  ti 
accidental and unpIanned esperimcntal design, 
These characteristics of human data arc: 
applic.able rather universally to most studies on 
human toxicology. Yet it is worthy of o i ~ r  
attention to not? t h e  inipclrtant role tixi:. 
human data have played historically as z 
means of identifying utiknown toxic materials 
or i innqxcted biulirgical reactions. I( hklb bccn 
rather corninon t o  h a w  an offending sgcnL 
identified, or brought more forcefully c.0 ow 
attcntion, as a result of witnessing only a vcq '  
few "duster" c a m  of hur;ian discasc that havc: 
an unusual incidence i n  a small cxpos~d 
papula tion. 

The history of beryllium toxicity cxcmp1ihc.s 
the ability of B few hiirnan cases to change thc' 
pace of toxicological investigations. Emplq~res 
working on cxtractiari of beryllium from tx-rvl 
ore in Europe had been abservrd to develop 
Iung disease as earIy as 1933 by M'e.het iil>tl 
Engelhardt. A number of human casts WCTC 

Work performed under the auspices of the I.,' S .  
.- - 

Atomic Energy Cornrnirsion. 
P I  

rcporccd subsequently in the European literature 
and  some experimental animal studies showed 
Lung Irsions after beryllium cxposurr, but until 
the early 1940s it was still gencrally regarded as 
an innocuous substance in the Unit.ed Stater. 
I n  1943, the unusua1 incidence of four cases or 
lung diiscasc, diagnosed as Bocck's sarcoid in 
workers oi' one plant wa5 noted by Bowditch 
(SHIPMAN, 1966), which opened up intensive 
invutiyatioris of this toxic metal. in  the next 
fcw ycars numerous cases w e n  noted and 
chronic berylliosis was also reported in the 
j mmcdiatr neighborhood of processing planu. 
The probability of identifying the potential of 
chronic berylliosis by animal experimcntadon 
alonc is of interest Extensive studies ovcr many 
years were made to rtproducc the identified 
human pathology-production of chronic 
btry I lium- induced gran ti lorn as in nnim ah 
provrd to be an experimental c h a l l c n ~  not to 
br taken Iightly and has ncvct completely 
duplicated the human reaction, As one wuuld 
expccl, after the disease state was recognized, 
protective standards were set on the basis of 
available data in humans, plant exposure 
conditiom, available animal data, or toxicity 
cstimatcs based on experience with other 
substances with similar toxic properrits. A 
brr).IIiiirn limit for workroom air (0.002 mglma 
3s tl?c time-wcightcd average conccntntion) 
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W ~ S  adopted by the CSAEC in I949 after 
several years ofstudy by an advisory cornnuttee. 
This value continues IO be used as the standard 
up to the present time. 

Thc most recent occupational disease i n  
which human disease has iiijciated an intmsivt: 
investigation i s  !he carcinogenesis produced by 
vinyl chloride and related products. The 
occurrence of three C.PSCS of a rare tumor of the 
liver, angiosarcoma, during the period of 
September 1971-December 1973, in a V O U ~  of 
sevcrd hundred exposed worken at one plant 
was the trigger to t he  investigation. Although 
the. cases wcrc clag-noscd by difkrent physicians, 
this rare diagnosis jn three individuals wjtl 
surmised to  be related with work cxposures in a 
polyvinyl chloride plant (CRBECH and JOHNSON, 
1974). This finding was reported in J a n u q  
1974 t-n the National Institutr: of Occupational 
Safely and Health (NIOSH). Scvcn addiuond 
cascs were identified among vinyl dilorjde 
workers in t h e  U.S. in rhe. next couplc oimunihs.  
Ixss  tllan 3 months Iater, a proposed 
permanent srandard of near zero (helow 
detectable limits) exposure was propnscd by 
KIOSK cornparcd to the former fcdcrnl stan- 
dard of 500 ppm and il temporary standard of 
50 ppm that was imposcd in April 1974. This 
example points out agaiii that the discavcry of a 
Tcw human cam determined the need for morc 
intensive research studies and better comrcsl 
technology 

The biological damage i n  humans causcd bv  
ionizing radiations has a similar history t.0 those 
that could be cited for toxic metals and 
chemicab. In  retrospect, it is interesting ta note 
tha t  Harting and Hesst published their first 
paper on the unusual incidcnct of fatal I U I I L ~  
disease (subscqucntIy proven to be branc,hogcnic 
carcinoma) in Schneeburg miners in 1879, long 
before the discovery of radioacrivc matcrials 
(MEA, 1964). I t  is also noteworthy that thcir 
observations went unheeded untiL over 44 yr 
later when the study of lung cancer in nuners 
was undertaken in a more intensive fashion, 

The report of M A R T U ~  cf a [ .  (1925) first 
described the clinical effects of radium poisoning 
in  luminous instrument d i d  painters and Ied to 
h4arttnd's classic paper (1929) an t he  develop- 
ment of osteogcnic sarcoma in these workers. 
His analysis on t h e e  cascs is apropos io o u r  

subject today. "'I'he incidence of two sarcomas 
of bcrit in fiftr.tn cases of radium rnesotljnrium 
poisoning is too large to be passed ovcr as due 
to cojncidcncr. Since this is the first time to our 
knowledge that  sarc.oma of thc bone has bemi 
attributed to radiation, the case is of sufficient 
inicrcst to be. reported." This observation was 
the. start ofadditional studies by H. S. Martrand, 
R .  D. Evars, and J. C. Aub in the problcm of 
rachtion oncogenesis duc  to radium. In 194 I ,  
a task group assembled by the U.S. Natinnal 
Birrcau of  Sti.it1dards selected a tolcrance dose 
of 0.1 pg radium residual body burden for  
workers based primarily on rhe srudy of ahout 
20 individual!i wirh substantial body burdfns of 
radium. By the early 1950s, this radium 
standard and ather radium studies were used in 
conjunction wi th  relative radium/plutonium 
toxicity toset. thc phtonium standard (O.lI4 pCj) 
still in use. Today the Center far Human 
Rdiobiolog); at thc Argoi~ne National Lab- 
oratmy, a L;.S Atomic Enc.rgy Commission 
supported project, continuts to follow about 
I !60 persons with radium tiurdens in  order to 
d i n e  aiid add to our undcrstanding of miniinill 
burdens that can produce pathologica1 cffcc.ts. 

Although the exposrtres responsible fur identi- 
firation of it cluster af human cases are obviously 
esccssive, the rapidity with which the incidence 
d' disease rists above ccrtain exposiirr: l r v r l s  is 
not  always ri,[:ognizcd. It should be notcd that 
specific diseases at' interest in toxicology may 
exist at only .L very low natural incidence unless 
inHucnctd hv external factors. In the radium 
c i x w ,  the  incidencc of osteosarcoma was 
rtcopnizcd as being unusually high. An 
increase ofradium expmurr of a factor uf 5 or 10 
above the point of recognizable toxicity producer 
an easily identified incide.ncc of osreogenic 
sarcoma. The curve (Fig. I }  reproduced from 
EVANS e l  ul. (1972) demonstrates the remarkable 
discasc incidence witnessed after a significant 
exposure level was reached ; t h t  occurrence uf 
tiiniors was zero i n  503 persons receiving under 
l(N0 CR, average skeletal cumulative rads, 
while the rapid increase in tumor incidencr is 
apparrnt above lOfl0 CR. Compared to an 
inc-idcnc.e of ovcr 20% seen nbovc IO(J0 CR, the 
age adjusted death rate in thc U.S. from R I I  
hone tumors, including osteoxarcoma, k only 
abou t  1 per 100,000 penans per year (BURBANK, 
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EVhLL:ATION OF ACCIDENTAL EX- 1 1 8 . 1 ,  

I POSURE CASES r .! 
The injrial hi.iman studies wcrc related to the 

riccd to protect those persons working with 
plutoniuni rin the hionhattan Project (1943- 
i 946). Thosc studies were directrd toward 
finding methods to measure the cr;posurc to 
workc.rs anti to cvaluate the consequenc:es of 

C R . o v 9  r o d s  

FIG. I. Thc ohi.en*cd L U I I K I ~  cumulative i nc i -  
dence or occtircnc.c in the. "e.pidemiologicall~* 
suitable" radium exposure casts. The shadcd 
region c o t r s p o n b  to t he  mean occunrncc 
fi = 0.28 0.06 between 11100 CR and 50,OnO 
CR. (Figure reprodircd from EVANS et 01.: 

1572.) 

1971). One could UST: graphs of other m x i c  
niatcrials 1vhic.h plot exposure v5 disease 
incidence to illustrate the marked cft'ect of" 3 
factor of 5 or IO in exposure almrc rccognizablP 
diswsc induction 1r.vels. This gtnct,d c.011- 

ctusion is supported by the data of animal 
radiobiological experiments with plutoniuni 
shown at this symposium. 

Based an thcsc historical obscrvatioiis, i t  is 
suggested that human studies have g r n r r a l l ~ ~  
been of value in the study of oc~cripariona1 
disease i n  three major ways : 

(1) Initial identification of toxic effects has iioi 
infrequently resulted from recognition of human 
disease and is then rclatcd to exposure t u  
specific agents. 

( 2 )  These initial obscrvarions have often bccii 
madr on only B few individuaIs without thc u s c  
of a control population. 

(3) As exposures reach significant levels, :I 

relatively small change ~ I J  espuurc,  a factor (31 

10 uc less, wiIl usually prodwe relatively Inrgc: 
changw in the incidence of the specific discssf 
of interest. 

Thus we should rwoynizc the potentia:, 
importance of  human datn, bnth positive and 
negative, in our asscssmmr. of' th r  toxiciry of 
plutoniurri. The available data arc h u t c d ,  bu* 
includc the initial observations after accidcnta I 
occupational exposures, long-term follciw-i I 1 
strtdirs on plutoilium workers, and alltops! 
tissue. d3ta. 

8 

iiccidmtal exposurcs. 
The dcvrlopmtnt of a plutonium urinary 

tissov niethod at Lcls Afanos began in January 
i9W and was applied routinclv to pliitoniiim 
workers there in the early part of 1945 (HEMPEL- 
NASN cf af., 1973a). This was followcd by an 
iritcnsivt period of investigation to establish 

rela~iurul~ip bctwccn concentration% of p!ii- 
ronium in urine to the plutonium depositiort in 
the body. By L950, Langham (LAXCHAM c[ al.,  
9.50; r.AH(:KAhI, 1956) had dtrived a single 

power fuwtion equation to describt this 
rchtionship based on data obtained on hirman 
siihjects with short I& C X ~ C L X ~ I I C ~  to w h n  
plutonium cjtriifc was given b y  intravenous 
;njrction. .This subject has bccn critically 
wieweci and reanalyzed rrccIilly (L)UREIN, 
' 1'172). 

Since thiic time accidental exposures, \vhetlicr 
through inhalation or w o i m h ,  wcre studic.d Cor 
;ibsorptian rates of plutonium, excretion V ~ I I C S ,  

and evaluation of possible treatmcn t techniques. 
'The urinartt excretion CUNC following occupn- 
rional exposure and the Langham equation 
were shown to be in reasonable agreement if  
numerous sarnplcs were collected over time 
ptriods of scveral years or more, and thc 
plutonium deposition was available to the 
sysrcm'c circulation. Inha t t ion  of Iess soluble 
plutonium forms into h e  lung niay prrwidt a 
lung deposition that is only slowly released t o  
the systemic circulation. In thcsc cases, the 
urinary exctecion reflc.cn the transfcs. r a ~ r  from 
!he lung deposition and it may take weeks or 
months bcfrlre the excretion curve of the systemic 
body burdm manifests itself, This slow rrleasc 
model, first fc,rmulated b y  ~ A L Y  (1957). is now 
wcll accepted but obviously the pnramcters that 
dctcrminc the transfer rate to the systemic 
c.irniladciri i tr t  drpcitdent on chcnlical and 
physical factors of the aerosot inlnlcd and 
sisually cat be determined only by numcrnus 
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measurements after a particular erprnt 
Figure 2 illustrates a delayed urinary carctkm 
pattern from an inhalation apasr ef 
"insoluble" r r a P ~  compared to the 
excretion curve. In this case the  ucrctim E 
wag undetectable for several mnnths V 
by a rising excretion for over 2yr, 
reflects the slow ralubitization after tbk p~ 
t icu lar  plutonium inhalaLion. The +r 
product of human studies after rE. 
exposure has b t tn  a better undcntandjqgddh 
uptake, metabolism, and excretion of p i r r m ' m  

t iond  urposurcs is unknown, but ir mauy 
hundrcds if all minor wounds and air- 
concentrations that could result in k-fi 
body depositions nf plutonium in maa 
collected. For example. more than 300 d 
were reported to indicate some degrn d 
plutonium contamination by dirtxt wcmd 
counting techniques at the Rocky Fkb PbBl 

The nunrbcr of such investigatiorls 

'1 

h t a  f r y  D I v l r i D n  o f  ~purmtional  SLIery ,  
I. ,. *E- --- 

for the period from I937 to 1963 ( H a x o m  and 
B f X a a R ,  1964). The more signrficant txposures 
rrprtrd on .4EC contractor pmonntl dwing 
tAs m o d  from 1957 through 1970, are shown 
in T.&k !. Ttic importance of inhahtion as the 
major route of cntry for accupatioml usposures 
mapparent in Table 2. 

Formnl studies for dtlaycd effects from these 
cxpowcs have not been reported, so i t  k only 
p&bIc to state thaf no casts of acute human 
PaChOhbT following plutonium aposurn have 
been reported to &[e. Most of these workers 
h v c  been followed with regular periodic 
medical c x a ~ ~ a t i o m  during their empioymcnt 
with AEC contr;lCtrJcx. After termination of 
employncnt most worken have not been 
f o k d  by medica1 excuninations for the 
r p d c  purpose of dctvmining possible ClinicaI 
effhcn from pturonium (or any other hazardous 
rnatcri3.l they may have encountered ia their 
work). 
As for chronic efferts, it is noteworthy that the 

only cliiucal or pathological finding reported to 
dare L thc fornation of fibrou nodules around 
the s i te  of plutonium depositiom in wounds 
w r h b  4 few mnnths to several years io a few 
instanc.w Eight such c a a  have been reported 
(LusmAr.orf el a l . ,  1967) which describe a 
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mctanoma has been removed from the chest 
wallofone of the subjects. Another had a partial 
gastrectomy for a bleedins iilccr. Thcrc are the 
expected assortmerit of mild hypertension, 
ulcers and obesity, 

No significant abnormalities were notcd in 
the lungs or bones (chest, pclvis, teeth) except 
for one suspicious "coin lesion" in the lung that 
enlarged slowly on several chest X-rays. 
Surgical expioration revealed a benign lung 
lesion, a hamartoma. The surgical specimens 
were examined for plutonium, including zutc- 
radiography of a lymph node containing about 
200 pCi zJsPu/g (Fig. 4). These studies revealed 
the very nan-unilorm radiation dose distribution 
from plutonium particuiate expasurr, and 
correlated well with body hurden estimates. 

Estimates of pturorlium deposition in the l u n p  
were made by in viva chest mcasurenitnts and 
positive caunts were obtained for 14 of 21 
pcnons measured. They all were law values 
(below 10 nCi) and none exceeded the dctrction 
linrit of the counter at the 95 "/d c0nfidenr.e level. 
Oiie individual was known to have had D 

c.ontaminated hand wound in 1945; this was 
prrcireIy located by external counting and was 
eatiiriatcd to contain 5.3 f 0.4 nC:i in 1971. 
Thcrc w s  no STOSS skin abnormality or noduk 
formation at the deposition site. This observa- 
tion compared to the. skin lesion described 
earlier (LUSHBAUOH and L A w m h c ,  1962) may 
indicate that the dcprh of deposition in relation- 
ship to the basal epithelial layer of the skin may 
be impurtant to nodule formation 

Sputum cytology showed no ncoplastic 
changes ; however, mic. 3-packs-a-day CigarCtKC 
smoker was rioted t o  h a w  markcd dysplastic 
cytological changcs. Chrmtmsornr analysis of 

peripheral lymphocytc:s showed no abnor- 
malitics i n  this gcoup. 
h thcsc studies arc. continued, it is obvious 

that the natural incidence of disease wiIl provide 
interpretation difficulties JS to the etio1o.g~ of 
diseasr. Thc number of workm is so small in 
this stud! that to date it has not been considered 
necessrinn to establish n control group but rather 
to sinipl-!? record our observations. It seems 
likely that if these exposures wcrt grossly 
excrsssiw, pathology as expcricnccd with radium 
or nttier toxic materials could already have been 
appirtrii. 'I'hc most likely pathology, based on 
knudedqe  from expc~rirnental animal studies, 
is luna carc.irtomas (.zftrr inhalation exposures), 
liver ci t i i ( :m,  and osfcogenic sarcomas of the 
tioric. Thc probability of naturallv occurring 
tumors In thew organs h c . d  on disease inci- 
dence in the 1J.S. suggests one mQht expect 
about U.8: 0,15 and 0.04 deaths rc.s~iccti~vcly 
from such disease i n  a group of 25 persons 
{HEMPELUNN t t  al., IY73b). 

.4c t h e  present tirnc an expansion of the Los 
Alatiios study is tintletway. The figures on 
Table J indicate the number d individuals with 
exposure.? above IO:.; of the maximun per- 
missible Lady burden (MPBB) who will be 
included in the study. The table shows that the 
addirron;d cases are Kcnetally below the  MPBB 
and th:.tc ihe originaj study p u p  has alrrady 
inc1Lrdc.d many of the highest exposed 
individuals. 

The Wisi red S taf.cs Transuranium Registry, 
operattd for thc U S. Atomic Energy Com- 
mission. by the Aanford Environmental Health 
Foundation, Rkhl and, Washington, is rtspo n s- 
ibIe for inairitaining rccards on aI1 workers W ~ I O  

voluiitttr for the Registry program. Most of the 
major AEC contrncmn cooperate in this 
program in w h i d i  o\-er 5000 workers have been 
identifird who hale worked in or around 
plutonium areas. This program has not 
included pe.riodic r n e d d  emrninatiom, bu t  
has conc.entrdted on assembling availahlc 
healrti ph>tsics and  rnedicd recorda and on 
promoting an  ~utopsy  r.xainination program 
that c.nn rxmfrrrn ciirlical dia~mosees and ascertain 
ac.c.urxte piutoniuni content in the various 
ori;aiis. To date, over 800 workers have given 
perinissirin for ariropsy examination in the 
Rrc;irc:n pmqrxn  NORW WOOD, 1974). 
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AUTOPSY D A f h  
Studies of plutonium content in tissues 

obtained through postmorrrm examinations 
started on an inf'nrmaI basis many years ago 
through t.hc initiatives of several AEC c w -  
trac-tor laboratories. These studies were startcd 
as early as I949 at the Hanford plant, Richland, 
Washingtrin (NEWTON, 1968') and by 1959 at 
Los Alamos (CAMPBELL ct a/., 1973). There arc 
now over 750 reported aiitopsy c a m  that have 
been studied for plutnniurn concentrations 
(CAMPBELL t t  ai., 1973, 1974; LAQERQUW e t  ol., 
1973; NELSJN cf ul., 1971, 1972; NEWTON 
et a l . ,  1968; and NORWOOD r f  al . ,  1973'). Of this 
total, aliout 63% of the cases are from the 
general population for falIout and background 
studies, about 23% arc on persons who had 
worked around but not in plutonium arcas (low 
exposure potential}, and about 14% arc on 
persons with a history of plutonium work. 

Initially, thcse programs wcrc designed t.0 
dtttnninc: the tissue content of plutonium for 
correlation with cstimatcd body burdens af 
phtonium worken from urinary excrction data. 
These studies were implemented primarily for 
evaluation of hcaIth protection practices rather 
than piutonium effects studies. Through the 
years, improved counting techniques have 
pem'ctcd the invutigations to be extended to 
dc,termining the very low Iewla of huniari 
asiimilation of plutonium due to atmospheric; 
weapons testing or otlicr environmental sourccs. 

TIE catly results at Hanfard {NEWTON t l  d-! 
1966) on 41 autopsies showed no undur 
accumulation of plutonium in workers. It. w 3 ~  
noted that the tissue content w i l s  less than nnt. 
mi& t prcdic t fmm measurcd air conccatrations 
in the plant. The tissue vaIues on thcseindivid 
uals were low and their exposures were appar 
cndy quite limited since only one individual h c l  
detectable plutonium cxcrction in urine. 

The paper by Schulk at thi i  Symposium 
presents some oCthe Los Alamos data pertTininu 
to the cotiiparison o f t h t  estimated body I)urdcnr 
from urine data t o  the tissut: analysis froti!. 
autopsy examinations. In six of eight cases, the 
compan'sr)~~ shows the urine excretion estirnnttrs 
of Lady burden to he high by a factcir of a h i t  
cine to five, while in the IWO other cases thr: 
discrepancy i s  much grcatcr. 

I t  was noted earlier that the U.S. Trmc. 

r.mnium Rrgistry has had over 800 voiuntary 
rcgiistrmts who have cnnvcnted to participate 
in thc autopsy progrun. At the present time, 
the Registty has data on 41 cases (Ncl~woon. 
1971), and the preliminary results of some of 
t htse cases hsve been published (NOKWOOD ti al., 
1973; LAOEKQLTST et  al., 1973). The studies on 
persona who had worked at the Rocky Flats 
plant (LAOERQWST tt. al., L973) indicate that in 7 
of 19 cjses it w a ~  possible to makc body burden 
e s r i m i m  from urine msay results. In each case, 
thc cstimate exceeded the vaIur derived from 
tissue analysis exr.rapuIated to a systemic body 
bt1rde.n. The ratios ranged from "less chan" 1.7 
to n c d y  6. In the other cases the urine values 
were below detectable levels although smdl 
values of plutonium werc present in the tissue 
samples. 

In such comparisons, it is neccssary to recog- 
nize the fact that  tissue samples require large 
urtrapolaticrns to project the total "systcrnic 
body burdcn." Therefore, such comparisons 
indicate an order of consistency between two 
methods and not the precision of either method. 
It. appears that the urine assay method may con- 
tain some conservatism in the derived values. 

The autopsy programs also provide data OK 
the distribution of plutanjum in various organs. 
CMIPBBLL ct al. { 1973, 1974) have reported data 
on selected tissues from 370 autopsies. Of these, 
15 individuals worked in plutonium axeas with 
considcrahlc potential for exposures, 45 worked 
ne the Los Ahrnos Scicntific Laboratory but not 
in plutonium a r t s  so there. was low potential 
for exposure, and 3 I O  were on inditiduds with 
no potential for occupational exposure so thcy 
rcpresant general population valucs. A sum- 
mar77 of the data for sclectcd organs is prtfented 
in TabIe 4. The occupational exposure potentia: 
was determined as being high or low by an 
independent evdriation of a health physicist 
who h e w  the individual's occupation and work 
locations, hut not die analytic.al data from the 
rissue StUdiI!S. 

The organs measurcd in the L o s  AIanios study 
are prirria ri 1 y the hjn g, trwheo b ronc h i d  1 y m  p h 
nodes, liver, kidney and IIOIK. The data 
confirni the incrmsed plutonium in those 
workers with higher cxposurc potential and 
show considcrablc individual variation in the 
ac.tivitv fniind in t.he organs from case to case. 

LANL L 



558 WHAT WE HAVE LEARNED ABOUT PLU’t’ONfUM PROM H U M  DATA 

exposure must be known better if good corrda- 
tinns t i t i  future cit~cs art, to be nrade inore 
meaningful. 

The Lor Alamos data on the general popula- 
tion (Table 4) show that tbc concentration of 
plutonium in persons exposed only to world wade 
fallout, presumabIy inbdation exposures, shows 
relatively little i7arintion bemeen organs. All 
values are within a hctnr r)f2 or 3, accept f i r  thc 
trw ticobronchial lymph nodcs. Much of the 
incrcaed concentration in lymph nodes in the 
1972-1973 darn is attributed to paying grmtcr 
artciition to dissecting the lymph nodcs from 
other tissues. The-  1972-1973 valucs are 

-- undoubtedly more representative of actual 
1.1’ iu,trll u, 1 9 7 ! : 1 ~ ; 6 .  

T h e  concentration of plutonium in activity 
per kg is nearly aIwap hiKhcst in the trachco- 
bronchial lymph nodes while the concentration 
in the lung and liver is generally somewhat 
higher than in bone. 

Other autopsy data (LAGERQUIST si ai., 1973; 
NORWOOD ct al., 1973) also show highut 
concentrations in the trachcohrmchial lymph 
nodes followed by tungs and liver after inhala- 
tion exposures. Wound deposition may cause 
higher conctntratioru in rht nearest regional 
Iymph nodes. Plutonium concentration in hone 
is frequently less th3n in the above organs, 
but due t o  the large organ site the total activity 
in bone frequently reprrsrnts one half of thc 
body burden or more. These distributions are 
hqh ly  variable. Furthermore, NORWOOD et ol. 
(1973) point nut that the concentrations found 
at autopsy arc far different from those which 
might be expected from the assumptions upon 
which the present ICRP body burden w l c d a -  
Ciom are based. It apperrrs that the criticd 
organ for any given individual case migbi be 
bone, lung, livcr, lymph node or wound site. 
T h c  most irnporTat determinant of the con- 
centration is related t o  the mnditions of th r  
plutonium exposure induding rnodc of cxposurc, 
particle size, chemical composirion, solubilit), 
in serum or tissue fluids, and the. length of tirnr: 
the. body burden has had to redistribute itsdf. 
These factors vary with time d k r  deposition so 
that dose calculations based on autopsy findings 
must cansidcr the pmsiblr. time-rclatcd transport 
and distribution effects. It is apparent that thc 
physical and chemical fixtors at the drne of 

lymph node conccntrations. 
Even though such radiochemical analyses are 

donrf at cxtremcJy Iow counting rates, the 
interpretation of the data may revcsl new 
physiologk proccsscs in the redistribution of 
plutonium. For example, in Fig. 5 {CAMPBELL 
c t  u / , ,  1974) the concentrations of plutonium in 
liver lrtid lung in  the general popuIation arc 
plotted a3 LI function of age at death. The slope 
of the liver data shows accumuIation of plu- 
tonium with agc, while the slope of he lung docs 
not. The signific.ance of this information is nat 
yet fully understood, but illustrstes potential 
diswibutional effech with time and age. 

The autopsy programs have not contributed 
any infvrmaticm vet that is helpful with regard 

. I  I- - 
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to posiblt effrcu in rtian. These data haw thr: 
same type of statistical difficdties as discussed 
on the Ion$-term follow-up studies on plutonium 
workers. The pathological descriptions do not 
help identify the etiology of any ncophstic 
clise~ses discavcrcd and t h e  number of casts that 
have come to autopsy so far does not permit anV 
statistical conclusions. The dcsire to ahtempt 
prclirrliriary statistical cvaliiation should be 
rcsistcd since it can neither prow nor dirprovr 
any conciusion at the present time. Zn 131 
published mitopsirs of irorktrs who have hcyn 
around or in plutonilum work, there are 32 
(23:;) who have a neoplastic disease listed as 
the causc of death. The incidence and distribu- 
tion of ncoplasms do not appear unusual so fair. 
It is mentioned only to point out  thr: need to 
continue collecting inforniarion uf this typr, 

CONCLUSIONS 
Plutonium is a unique element in many ways: 

includmg our experience to d-itc in humans. 
Unlike many materials that man has used, the 
po tcn t i d  toxicity of plutonium was recognized 
almost as soon as the element was discnvered. 
After 30yr,  our human cxpcricncc has not 
provided data that indicate harmful effects have 
occurred from the exposures to data. T h e  credit 
for this accomplishment belongs to many 
physicians, health physicists and biologists 
intercstcd in protection ofworkcn in the nuclear 
industry. 'Their work resulted in wt,ting i i n  

exposure limit to workers at an early &ta that 
was to provide reasonable assurance that work 
could be done safely, Human experience to datr 
provides no examples of dekrerinus effccts thar 
suggest that the carfy guide has not scnrcd it* 
purpose well. 

It i r  noted that histov of other industria. 
toxins shows that gmss rxposurcs as wrll as 
relatively smalter C X C C S S ~ S  of exposure ha\*(. 
produced recognizable disease in worktn 
FortunatcIy, this has not occurred with phi-  
tonium and suggests thar the basis for tht. 
currmt occupational exposure limit h s  bccr 
reasonably accurate, One  may argue ovc.~' 
smaller differences in  porsihlc risks or  rcIacivr. 
safety compared 10 other standards or othcr 
hazards at  work, but expcriencc in humans r o  
date does not suggest that tlirre are differences ol' 
large magnitude, say a Ik to r  of 10 or tn1x-v 

rqui rcd  in the. plutonium standards to maintain 
safe working conditions. 

Human studies and autopsy results haw 
provided a hody of information on cscrction 
data, distribution in the: body from various 
ocposurc c u n d i t i u ~ ,  and long-term follow-up 
effects data that =e invaluable and can be 
asrerhined definitively in no other way. This 
information is j u s t  beginnin& ta crncrgc into a 
sulljcient[y large data b s e  that potential long- 
tcrm effects d R  nl3R can be identifird. The 
data in man already extend well beyond any 
animal vrpcrimencs that could bc contemplated 
and one of the more important conclusions at 
this time is to rccognizt the inestinuble vaIue of 
marc careful xtuciics on the  Life history of 
workers with higher plutonium exposures. The 
opportunity is here now; the subject requira 
niore intensive study, particularly during the 
next two decades as the earIiest plutoniuni- 
exposed workers reach retirement age and 
beyond. 

The issues discussed at this Symposium on 
plutonium toxicity p h y  a central role in the 
nuclear industry and its health management 
functions. The health issue wil1 be thc pivot of 
many decisions. Our worker poputations may 
provide some of the needed answm. Ten to 
hfteen years &om now, as tlic next series of 
long-term animal esptrimenu at lower exposure 
levels are being studied for terminal cffecrs data, 
fhe early plutonium workers will have a life 
history of f'orty to 45 yr of exposure data. 
Cktnful planning and accumuIation of these 
data could answer many o f  our questions of 
today. I n  my opinion, our planning and 
execution an tlirsc. studies is not yet appropriate 
t.0 the value of  these data even thou@ the 
avcraU e&rt and interest is gradually being 
incrcmed. Unfortunately, in most csscs, these 
in t t rwa  are still stcondary to other responsi- 
bilities of thc invcstiptors. There is a 
continuinx need ro assurt that study plans and 
review procedures of h e  proposed data collec- 
tion, anal\:ticaI procedures and asessment 
studica will provide the mosr useful and r t l i~ble  
answers. 
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Si~mw., J.: Y I : ~  mcntioned tissue burdens beirtg 
l a 3  by I )  factor uf 2 or 5 from that expected from 
urinalysis; I was curiom about wlcther there wat 
m y  whole-body mounting done and whether that 
rwuld be anticipated as you locate Some others for 
thc LPPU Club ? 

VU~LL, G. L.: The comparison was madc pri- 
marily with urLir data, which b our primary indicator 
foi pliiionium burdens. I would say that whoIe-body 
counimg for plutonium in low-order cxposure~, 
wlucll these autopsies prinivily rcpresrnt, hsn’t  
given us good inhmation. 

SHREVE, J,: Was it detected though? 
Voilrt, G. L. : We have u s e d  whale-body c.ountLig 

optmtiondlv in mdying people but, for the most 
part, our expor1.rr.n in lung arc below our Iiinits of 
plutonium dr.ccrtion; we can set americium, but we 
don’t scc pliitoninrn in our chrutlic, long-term 
workers. 

PARKER, H. 51. : Isn’t the present sensitivih/ of the 
fxtd method Lckhg by two orders of magnitude 
I o f  that iieeded t.0 meavurc what you find in the bulk 

V o e u ,  G. L., Tirat is right, and even if wc. have 
t h e  sensiti\ity in F O ~ C  c a m  ofcxpnsurc, the starbtical 
signihcarrbe is vcry mcrrgk l .  

S k C L e L u N ,  11. 0.: A, I recall, at an earlier 
time. some plans were being made for radiomalysir 
of rhe cornpkre body on a few individuals. I am 
wolidcring if sonlt of chat bar bccn done and corn- 
pletrd and, if SD, rn whar extent the analysis in terns 
VI’ rn jor  t i ssu~  :;u& zu lung and liver provides 3n 
amounting of L h t .  body hurdcn of rhe individual? 

Vr ie~z ,  G .  L. : Thc m w r r  is, no, have not had 
complete body rurapsia to date. 

NORWOOD, W D.:  This is good chance to usk 
anybody if they  nay have had an opportunity to talk 
tcl ptople who have, say, an mttmrted quarrcr of a 
bodv burdcn t.r dlmv a whole-body autopw. W e  
\ \ ~ u l d  like vcq .  .nu& to get aU of the bones of the 

of these autopsy cue? 
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body and a large number of inurcla and fat and other 
h u e s  which we now have to extrapolatr hy a f x t o r  
of 20 or more from s small sample that we can g ~ . i  at 
autopsy. 

W'ALD, N.: Sincc we. arc talking about wliar UT 

have fcanicd from hi.irnanc about plutonium, I t h i n k  
it might be appropriate la add IK comment about a 
care which w a ~  not included by Dr. Voelz, sintx 
nathing WBP le.med froni it.  I ani referring 11) ar. 
appcrldir of Uic T;mmplin-Coc~iran pefitioa which is a 
difstCtLOA of a consultation report which I prepxrrd 
concerning an individual who v + w  allegrd to ha1.r 
developed cancer and died o f  i t  Y a result of 
plutonium cxposurc. nrc  appendix omitted he. 
c.anruliaiion report and aimply dissect.rd their vicn 
of it. The reality is that there was no evidcilcc for 
plutonium exposure in that iridividual at thr rim, q 
the incident in which he WM jtivolved, 3t. whjc.11 time 
there were Liourays n l  uiine and fcca a3 wdl as il 
c.areful tnedical examinatinn by Dr. Roy .\thr.rt. 
Ahout 4 >'r Iatcr, he did dcvclop a ncvplasni of the 
hand and,  ~t the rcqwsi (If thl: drfending V.S, 
Attorney, I cxamined the individual; wbolr-hod\ 
counting shawtd norhing, and rm'nc ruid i k a l  
bioassays showed ncirlling. M'c obtained thc initial 
tissrir: biopsy whcn thr fin1 lcsiori devcloped in th is  
individual; radioautography as well tu countink; 
showcd nothing. We ohraincd additional tirsur ai 
ampuration, and again radioautography and c o w  iinf; 
d die cla\kle  showed nothing. Therefore, rhtrr wa. 
no basis far associating plutoiijum as a Came for thr 
neoplastic discase which unfortunately killed t l i i : .  
individual. The case waq rrttlrd before coming I(. 

trial; howcvcr, in m y  view, tbis do- not constiturr 
any accrprancr of plutonium as ;f causation in ttrir ;  

VOEU, G. L.; Sorric i r h m a t i o n  which I did no1 
include in my presentation might be of intercsr i t .  

)'ou. We arc still Looking for new techniques ui 
rnearurement, one of which is a detector which mighl: 
look at lymph nod- in the cha t .  If Y O U  could ulacr 

Cas?. 

just ver). xecenlly have Uied such s device. A 
sodiuni iodide detector with L light pipe wnnectetl 
tr) an e x t e n d  photomultiplier was placed in an 
iridvidual to the level of the &a, and mcasurc- 
mrnu were made also above and beIow t.hk Icvcl. 
M'c got puitive s i p a h  of both americium and 
plutculium. I think the testimony of this parricdar 
Yoluntccr w a  (and I might say, we could not see 
phtnniurn on the urtcnwl count', that he w ~ l d  be 
~ . i l l i ng  IO do i.t again. 

Sisae, C.J.: Dr. Voelt, early in your speech, you 
i a l k e d  about having 30 yr of experience showing very 
k:w or no cswe-dl'ccb data on bum- and ~ a v e  
cred.~i to g& control of exposures. Catrlrf part of 
this good cspcrience have been rruibutable to 
TITPA trextinmu, debridcmcno of w u ~ u n d s ,  and 
othcr mc.tlrods? 

VOFX.?, G. L.: Thc hidjviduols wlioni H C  have 
followed for 30 yr had no treatment, either DTPA or 
debridcment of wounds. Wound debridcnrrnr at Loc 
Alamos h s  been veq ,  limited over the last dccadc: 
M: )IIVC had about 12 to IS wounds a year that H C  

momtor, of xhjch perhaps nnr ha? dctccrahle activitv 
in i t ,  and thcae wcrc low enough le\~tls that w e  have 
:tot genecall>, had in excis? them. 

MAYS, C. W.: You rtated that >'nu are iioi 
txpccting to scc. many C~JILCJ-S, l'lre qucstion is 
whether, when thry do appcar, they can bc related 
t o  irradiatjori or to arlier factors. 1-w should mnkc a 
drtailed e.ffort m obtain data on their historitri while 
thcrc patienb are still J i v e  so that, whcn thc results 
do come in, 'inu can perhaps carrclart some of thrsc 
i:iilirr factori. I think it is important that you includr 
in h i s  rtudv not otdv the highly expascd indi\ iduiili 
h i t  also thosc individuals exposed at lowcr d05C 

levels who can act as pscudo contruL for ti!ing to 
rcpatatc out Lhesr e t l i c :~ .  

V ' ~ E U ,  G .  L.: Wr h r v c  tried t13 do tlds in our 
history taking. There are some individuiils in th i \  
long-icnn fdlow-up group who workrd wiih 
materials, a list of which rrarls Iikc wxir chcniical 


