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Abstract - Pow-monem rndiochrmical analyses for '"Pu. ''y*2~)h . 2d1Am MJ uranium were carried out in the 
lungs and associated lymph nodes of 58 tissue donor 10 rhc United Statu Transuranium and Uranium Repislnes. 
Eaposun to acrinides was typically via the chronic IOU Icc,el inhalacion pathway. primarily d i n g  place m y  y c y ~  
prior to death. Concentrailon of m i v i t y  in both lungs and lymph n&r of the population examined was log- 
normally distnbutcd. spanning several orders of mgnilurk. In the S4 IWI for whom -*%I dw were available. 
the genmetric mean and standard deviation of rhc ray) nt :''*'%I concentration in the lymph nodes to that in the 
lungs wes 7.6 rOSD = b.21. In the 29 cases for whom ""Pu data werc~vail8blc and the 36 c w s  with '*'Am data. the 
comparable values were 13 (GSD - 5.8) and I2 G S D  .- 3.4). These mans do rtor differ significantly. and. using 
Reference Man values for lung and lymph nodr wei#hts aggest rhat in excess of 80% of the total actinide wns in 
the lung, with less than 20% in the associated lymph node\. In the 9 cases analysed for uranium. e x p u r r  was likely 
to k primarily irom envimnmenlal rather than occupational sources and a somewhu lower ntio of 5.2 (GSD = 4.3) 
was obcrved. These data suggesi that there is a long itnn component of actinide rrmncd in the lung. and the 
revision of thc ICRP lung model to reflect rhir finding A indwaud. Spificanr differences between smokers and 
non-smokers were found in the ratios for ''q*'r'Pu mtl "'Pu and Am. but not for '%I or uranium. lhesr 
differences indicait rhai il greater fraction d the resprrrtop tract and '"Am is found in the lungs of 
rmokcn 3s compared with non-smokers, suggesting ihai the former mey have an impaired clearance via the 
pulmonary lymphatic systenr. Differences in distnhiirion of r l i n i d r r  in smokers md non-smokers suggest that 
special consideration bu given to nomnlisc cmiogenic. r A \  in the t w ~  groups. 

INTRODUCTION 
Since its inception in Iy68 as the Notional 

Plutonium Registry. the United States Transur;mium 
and Uranium Registry (USTURl has been studying 
the biokinetics and dosimetry of the trmsuraniurr 
elements in persons with known exposures 10 
plutonium and the higher actinides. The USTI.:R 
obtains tissue samples at autopsy from volunier. 
donors and dctennines the distribution and con 
centration of actinide elemenr.; in tissues ot 
occupationally exposed donors. As of I Octnher 
1990. the W T L R  had received autopsy or surgical 
tissue samples fmm 158 donors. The histoe md 
progress of the programme, including a detailed 
description of the autopsy protocol. was dcscrihell i ' i  
the literature and in annual progress report, I ' . 

An imponani application of the radiomalyri? ('1 
human tissue is the veritication or evaluation of 
biokinetic mtdcls such a\ the lunp moclel originrrlt! 
put forth by the ICRP Task Group o n  I king 
Dynamic5 (TGLD) in 196s" The TGLD rnod,P . 

widely tmployed in radiation protection. and 
provides m imponant basis for calculating the 
Annual Limits on Iruake (ALI) for inhaled 
radionuclide particulates as well as the Derived Air 
Concenauions (DACs)'". From a radiobiological 
rtandpmnt. spatio-temporal radiation dose distribu- 
tion patrrms in the lung from inhaled actinides an 
irnponanl determinmts of lung responses to 
imdiation. 

It IS well known that cigarette smoke alters the 
clearanct and pulmonary distribution of inhaled 
particles due to the imtating effects of smoke on 
pulmonq c~ l l s ' ' - l~~ .  Inhnled cigarette smoke was 
shown t o  alter the short-ten clearance uf 
from thr lungs of rats and dogd"~'". This study 
tvduales the distribution and relative concentralion 
of "'Pu. 'a'%. '"Am and uranium in the lungs and 
lymph nodes of 50 deceased USTUR registrants. 
comparmg the concentration of radionuclides in 
lymph nodes to that in lung for each of the VWIOU5 
xtinidc,.. and for w o k e n  and non-smokers. 
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CASE DESCRIPTIONS AND METHODS 

A cohort of 58 cases (Table I ) for whom ;It leas. 
one positive post-monem d i o c h m i c a l  measure 
ment of actinide in both lung and lymph node wah 
avuilable was obtained from the more than 150 
deceased USWR registrants on whom autopsies had 
becn performed shonly after death. All but one ot 
*e 58 cases w m  males who had been involved in 
work with plutonium dunng their active y w r  ot 
employment. typically at one of the Departmeni of 
Energy sites in h e  United Suus. Exposure historic. 
were not individurlly characterised bur. based on 
occuparioml history and health physics data. UP 
likely to be primarily from low level ('chronic' I 
exposure to plutonium incumd 1 0 4 0  y prior 10 
death. although there mdy have k n  some c a w  
with acute accidental exposure to airhcwne 
plutonium. Time to death after terminating 
employment was variable. Chemical form. solubilie 
and panicle site distribution of e x p u r r  material 
were probably variable among cases and for 
individual cases. However. based on occupational 
history, in-plant studies of airborne plutonium. md 
the pyrophoric character of plutonium. it is rciiwn- 
abk to assume that the oxide form predominated. tht 
material wns insoluble. and hence floss Y"' '*' For 
most cases. cxp>sure was primarily to il rnixtuir ( i f  

mixture contained primarily 1*4u by weigh! bur 
most of the activity was from "'PIJ. which. because 
of its relatively short half-life and beta mode ,>f 
decay. decayed to "'Am after deposition in the 
respiratory tract. Specific data on smoking histor). 
such as years smoked. pock-years (;.e. number 
packs of 20 cigarettes smoked per day time. !he 
number of yean smoked, of total cxpocurc and time 
to death since last smoked. were not available and 
hence not considered in the analysis. 

Post-monem raciioctxmicd analyses for .""Pu. 

associated lymph nodcs and on distant lymph nodes 
of the 58 USTUR cases. In 54 of these 
positive results in both IunLnd one ilr more lymph 
nodes were obtamed for - '%I (Table I,& Data 
were availrble for '"Am rn 36 cases and for -' Pu in 
29 cases. In addition. uranium data were availahle 
for 9 cases. Since none of the cohm had a recorded 
history of occupational exposure to uranium. 11: I C  
likely that the uranium detected in their respiiatvn 
tracts was from environmental sources. 

Samples of lung and associated lymph ncdcs r J e n  
at autopsy were weighed and frozen lor later 
radiochemical analyses. Some of the concentrationh 
listed in Table 1 are averapcs 
measurements of two or more lymph nodes b 
indicated in column 3 with a total weight ot I -2  y .  
Lung concentrations ma? be averages of hoth lui:g\ 

plutonium isotopes plus s o m ~ ~ A m " "  , The IJoloplr: 

r m l r n ~  and '"Am wen: pcrfomed on the lung3 and 

cmosr c a w )  or single-lung results. Since a number 
of different independent pathologists performed the 
autopsies. thcre were expected differences in the 
tcchnqut: and in the spcific idmtifKation of the 
VMW lymph nodes. Most lymph nodes were 
identified by thc parhologist performing the autopsy 
as to anucnnicol location (Table I). but 
approrimotely hdf w#e simply idcntifwl as lymph 
nodes timtpective of the location in tht body). 
Many pathologists categoriscd the lymph nodes 
m o v e d  as thoracic oc pulmonuy lymph nodes 
(confined to the thoracic cavity) or gave more 
m i s e  locrrions of lymph nodes (tracheo-bronchial. 
hilar. abdominal. epigutric. gastric, mtdia5tinal or 
intertinat). Given the autopsy protocol and that. on 
occasion. a USTUR prosector may have been 
present. it is likely that the majority of those 
cateporised s i w y  as lymph nodes cpme from within 
the thoracic cavity and wm largely tracheobronchial 
or hilar nodes. For the purpose of this npnt (Table 
I ), lymph nodes were grouped into three categories: 
TB (tracheobronchial). N (other than ~racheo- 
bronchial or unspecified). and M (all nodes 
collected including the oscheobmnchial lymph 
nodes). In Table 2 (below) they were combined into 
two cafcgwies. TBLN (including TB and TN) and 
non-TBLN (those clearly identified as not king 
tracheohronchirl) . 
The rauw(s) of death was (were) not considend 

in the analyses. cases wen separated only into 
smoking and non-smoking categories on the basis of 
information obtained from the available medical 
historic>. Only those individuals who had a positive 
sratement of never having smoked were classified as 
non-smokers. In seven of the 58 cues  the smoking 
histories could not bc ascennincd. These were 
included with the smokers after dctemination that 
such grouping had no effect on the overall 
conclusions of the study. Thus. the smoker categoty 
probably includes both smokers, former smokers. 
and perhaps even some non-smokers. The net effect 
of including uncertain cases with smokers actually 
tncreased the differences between smokers and non- 
smokers 

Rdiwhcmicai M ~ Y S C S  for plutonium and 
americium were performed P[ eithcr the Rocky Flats 
Facilit) or L o s  Alamos National Laboratory. 
following the general method briefly described 
below. Tissue sampler were alalysed for plutonium 
and americium according to methods previously 
described"".'". Radiochemical yield was determined 
by adding "'Pu and %'Am aacm to each sample: 
yield was 78 2 12% for "'Pu md 85 f 7% for >'Am. 
Thew methods provide a reliable lower level of 
detection for plutonium and americium detection in 
tissue ash of about 0.02 9q.kg.l (0.5 pCi.kg-'\""'. 
Value9 identified in Table I were deleted from the 
statisti;al analyses when the coefficient of vanation 
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Table 2. Ratios of actlnlde concentrations in lymph nodes and lungs in smokers and non-smokers by lymph 

Number C i e m c  Geametnc 
of 2;LSe< mean of run&rd 

Lymph 
node 

Actinide Smoker cox. raiioq* devruuon location 
:,np, 

- nidr loearlan. 

.- . . - . - . -  _ -  -. - -  . 
7 NO Non-TBLN - 4.4 I t  

N I> TBLN 6 I9 4 6 4  
YC\ TBLN 9 13 2 6 7  
Ye* Won-TBLN I ?  12.0 6 2  

-.w.zupu NO Non-TBLN 1 
No TBLN P 

Ye3 Non-TBLN 25 
Yes TBLN 16 

No Non-TBLK 
No TBLN 
Yes TBLN 
Yes Non-TBLN 

N I Am 3 
5 

14 
I4 

29. I 
16.3 
4.7 
6.7 

28.3 
38.7 
9.6 
7.9 

I .9 
4.8 
9. I 
5.3 

1.7 
1 .Y 
3.8 
1.8 

was 250% or where the actinide levels nponcd by 
the laboratory were leu than the specified detection 
limit. Only the Rocky Rats Facility performed 
assays for uranium. Tissue levels of uranium were 
determined following separation from actinides'!"' 

The ratio of activity concentration In lymph ntdc\ 
to that in lungs was computed for each individual 
and each radionuclide by smoking status. Both 
activity concentrations and ratios of actrviiy 
concentrations were ~ested for log-normality. \.or. 
nmal i ry  tests were done by sorting data :n 
ascending order and assigning values of the standard 
normal deviate ro cumulative frequency JisUi- 
butions. Line& regressions of the standard normal 
deviate against the natural logarithm of the activirv 
concentration or the ratio of activity conrentrati~ns 
were done using the LINFlT routine"". with h t h  
uniform weighting (i.e. all weights = ,I.) urd 
weighting factors developed by Finncv _. hiit 
cmphasise the middle of the distribution. 

For each actinide and each individual. natural 
logarithms of ratios of concentrations in lymph 
nodes to concentrations in lungs were computed. For 
cach actinide. the mean of the narural loparithms of 
the ratios for smokers was compared to the mean ~ j f  

the narural logarithms of the ratios for non-zrntlkt~r+ 
using the SAS TTEST procedure'"'. 

RESULTS 
The 58 case5 yieldLd 3 total of 303 paired 

analvses. about half of which tN = 1 0 6 1  werc 'or 
'3q''mPu (Table I ) .  As might be cxpeciell tnw a 
cohon of occupationally exposed individuals (hi* 
size. there was a wide range ot activtt! 
concentrations over 5everal orders of  magiutude 
among the individual case\ The ~ . i i t i t \  

concentratitions wen log-normally distribumd. with 
canlo~icm coefficient (d of 0.59 for weighted and 
unweighted fits. t h e  wide range of concentration 
values. is well as the luge degree of scatter in the 
data. CM be seen in Figures 1-3. In each case. the 
concentrations in lymph nodes were comlated with 
those in lungs, and the lymph node vatues were 
penerallv higher. 

Since the exposure or intake was unknown both in 
mrpitude and temporally, the radiochemical resuln 
were maluated in terns of a concentration ratio 
defined as the ratio of actinide concenvation in 
lymph node to actinide concentration in lung. These 
concentration ratios were also log-normally 

populations examined with r- values ranging from 
0.854 98 for both unweighted and Finney-wrrqhted 

As shown in Figure I for the 230*-uh 

1 

disuibuted m o n g  the vpullilion a d  sub- 

fits 2 1  

p io5 . - 

Figure 1 .  Concentrations of ''*''%t in lungs and lymph 
nodes ;It autopsy for 42 smoken (open spurns) and I3 
non-smokers (filled Circles J. Solid line indicates equal 
concentrations: most points lie above the line. indialing 

higher conccntrariona in lymph nodes than in lungs. 

00130010.004 
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Conoenn8rion in lungs m.kg-') " 

Figure 2. Concentration of ""Pu in lungs and lympn 
nodes at autopsy for 22 3mokers (open squares) and 4 
non-smokers ( R I M  circler). Solid line indicatcs equal 
concenrrations: most points lie above the line. indicatini. 

higher concentration$ in lymph nodes than in lunes 

analyses. the concentration ratios ranged over aboir! 
five orders of magnitude. being less than unity i r i  

somewhat less than 10% of the cases. 
The arithmetic and geometric means and standard 

deviations of the concenmdon ratios for the thrrr 
transuranium species examined (*'"Pu. :"*'%i. 

Am) and for uranium are summarised in Tahlr .: 
along with maximum and minimum values. Value\ 
in Table 3 were computed from those in Table 1 In 
the 54 cases (106 lymph nodes, for whom "*'%I 
data were available. the geometric mean ;rnd 
standard deviation of the ratio of xtinitic 
concentration in the lymph nodes to that in the l u n n  

24 I 

Figurn 3. Concenmion of "'Am in lungs and lymph 
nodes P auropty far 29 smokers (opcn squares) and 8 
non-smokers (filled circles). Solid line indicius equal 
concentrations; most points lie above the line. indiczting 

higher concentrations in lymph nodes than in lungs. 

was 7.8 (GSD = 6 4  For the 29 cases (58 lymph 
nodes) for whom - '  Pu data were available. the 
cmparablr values were 13 (GSD = 5.8). and 12 
tGSD = .34) for 36 cases I39 lymph nodes) with 
'"Am analyses. In the 9 casts analysed for uranium 
which. as has been noted. is likely to be from 
environmental rather than from acupatlonal 
sources. it somewhat lower. but again nor statistically 
different. ratio of 5.2 (GSD = 4.3) was observed 
d'able 3 1 .  The distribution of ratios WM highly 
skewed. and log-nond tits to hht, distributions 
produced t omlation coefficients of r' 2 0.9 for all 
data lzxccpt. of course. for the one non-smoker 

Tmble 1. Summary uf rstlos of rdionuclidc concentration in lymph nodes to radionuclide conccntrmtion in 
lungs lor USTR I i l v s  by qmoklng history. 

Vumber An*. ;(.om Gcom Minimum Maximum Significdnce 
- . - .  -_- 

ot mean of nt .in \rt \I l l  ratio ratio 
caw\ conc. Stdn Inc' ue 

ratiub'" deb ~ P U U I '  Nuclide Smoker 

65 'MpU NO 0 41 
Yes 'I 44 
Both 29 43 68 

_ _ _  . - . _ _ -  - -_ . ._ 
4 ? . I  1 3  I94 N.S."' 

t' 0.46 26 1 
..< 0.46 26 I 

- I  

.w.z*p, No 13 38 JJ 9 :. 4 I .8 I67 P -  
Yes 41 23 hh 5 R  h . 5  0.009 427 0.017 
Both 54 26 h-' ' H  h !  0.009 427 

No 8 40 -- i4 4 16 70 P' 
Yes 28 20 41 4.- i. ? I .6 219 0.ooo1 
Both ?6 24 W I :  $ 4  I .6 2 I 9 

.? 

I 22 -- 1- 22 2' 
Yes 8 I O  12 44 4 3  0.6 44 
Both 9 It 5 . 2  4 3  0.6 54 

Uranium No 

._  ----- - !4 
. . -. . _--____.__._. ~ --. . -  

Concentration ratm = (Conc. in lymph node tBq.Lg 1;IcoIK. In lung iBq.kg. 1. I I I  

'biSince populations arc not distributed normall). mCmeiit: brandilrd deviation i s  difficuh to interpret hur 14 included 
for compleiencs,. 
"W.s = nor significant. 

.1 I LANL 
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uranium case). In Table 3. the arithmetic means of 
the concmantions expectation values while 
gmmemc mms and geomcmc standard deviations 
describe the distributions. Student's t-tests revealed 
sipnificmt differences of the means of the natural 
IoE~thms of ntios for smokers and non-smokers for '' '%I and U'Am as shown in the last column . ~ f  
the table. 

The nbove data suggest that. given a concentration 
ratio of IO md a mass of 20 8 for the pulmonary 
lymph nodes and IO00 g for the lungs 85 suggested 
for Rcfenncc Man'*". on the average n b w t  83% of 
the :oul actinide activity in the respiratory tract was 
in h e  lung urd about 20% was found in associated 
lymph nodes, This clearly differs from the cumnt 
lung model put fmh in various ICRP 
publications' ' 43 '  

When evrrluated according to smoking hatory. 
significant differences (t-test) wen observed 
between the geometric means of the concenmuim 
ratios in smokers and non-smokers for both "'Am 
and 2'pIzu)pu. but not for %I or uranium (Table 3.1. 
In non-smokers (N = 131. the geometric mean of the 
ratios of lymph node to lung concentration for 
230+z% was 19 (GSD = 3.9) as compared io 5.8 
(GSD = 6.5) in smokers (N = 41). For "'Am. the 
comparable raiics were 34 (GSD = 1.81 in non- 
smokers (N = 8) and 8.7 (GSD = 3.3) in smokerc 
(N = 28). The influence of smoking was evaluated in 
tracheobronchial lymph nodes (TBLN) as compared 
with all other lymph nodes with defined mammrcrl 
locations orher than non-tracheobronchial lymph 
nodes (non-TBLN). Insufficient cases were available 
to evaluate actinide levels in non-TBLN of non- 
smokers. In smokers. plutonium and americium 
concentration ratios for TBLN and non-TBLK were 
nor significantly different (Table 3). Comparing the 
TBLN only, there was no significant differcncr in 
the concentration ratios for ""Pu in TBLN in 
smokers and non-smokers. However ratins for 
r3Pc*wPu and for 3'Am for TBLN were significanrly 
greater in non-smoker5 than in smokers ( p  c 0 01 i 
(Table 3). 

Comparing the concentration ratios. iton-cmokers 
had 4.6 times the lymph node concentration (if 
up.z% and 3.8 times the lymph node concentration 
of ""Am as smokers. For srnokerc. about 20% of :he 
'''*z4h or "'Am in the respiratory tract wns found 
in lymph nodes. 11s com~arcd,with about 40% of the 
lJyc "Pu and 70% of - Am in non-smokers There 
were no significant relationships between lymph 
nodeflung ratins and lung concentrations 1r.v an! 
actinide 

DISCUSSION 
The concentration ratios of the actinides- I e rhe 

activity per gram in lymph nodes relitiiw 111 ihe 

activity per gnm in the tungs4bserved in this 
series of 58 cases clearly differ from what would bc 
cxpectetl according to the ICRP lung model. For 
inhaled plutonium and americium at long times after 
exposure. the ICRP lung model indicates that 
virtuell> all of the actinide would have cleared from 
the lung. Such wlg  not the situation in this series of 
58 cues. In thePC cases the majority of the actinide 
was esimwd to k in the lungs rather than the 
pzsaciamd lymphuics. A possibk explanation for 
this observation may be the incompkte &pat ion of 
lymph nodcs from rhe lung tissue. The nonnal 

respiratory tract and sepPmion of obvious lymph 
nodes cxrmrl to the lungs. Thus, lympharic tissue 
within the lung itself would k left thtn and would 
k analysed dong with the lung. The significance of 
the contribution by actinides in lymphatic tissue 
within the lung is open to question. Standard 
anatomy texts v u y  on the number of lymph nodes 
within the lungs: some texts indicate that there an 
few. if any, lymph nodes inside the lungs. while 
others impl8,here may be m e .  Thc Reference Man 
publication is mute on this question. 

Another sxplrnation is the ps#lcc of a long-term 
ntentitxr comgmment for vctiidej in thc 
This hypothesis is supported by the differences in 
concenmion ratios noted berwan smokers and non- 
smoken which arc suggestive of an impaired 
clernncc from the deep lung to thoracic lymph 
nodes. althoprgh pathological processes leading to 
death could alter actinide disuibution in m e  cases. 
Despite the many variabks and unknowns. the 
difference in actinide distribution in the lung and 
lymph nodes of nuclear woken who smoke ;1~ 

compared to nuclear workers who do not smoke wits 
smkingly obvious. 

Inhaled puticles penemue the alveolar epithelium 
and endothelium either directly by endocytosis soon 
after pulmonpry deposition of panicles or within 
alveolar macrophages moving through alveolar 
pres.  The panicles thvl pass into the lymphatics 
and cvenaully into the regional lymph nodes. where 
they reside for long perid .  Particles are found 
primarily in medullary regions of nodes and may 
account for up to 15% of the weigh: of nodal 
tissuc'?8' . fi~monuy deposited  IO^ particles are 
found in dvmlar macrophages and in the attenuated 
cytoplasm of type 1 alvc~lar epithelial cells within a 
few hours after inhalation'?9'. A large number of 
puticles pmanting type I dveolar epithelium 
would k expected to find their way into lymph 
nodes eventually. The solubility of inhaled high-fired 
actinide dioxides in tissue ftulds i s  related IO specific 
activity. with solubility increasing from 2'uPu c -.'"PIA 

Thoracic lymph nodes draining the lung will 
rapidly accumulate inhaled actinide oxides ai  

USTUR autopsy pr0toc01 ~ J I S  for mioval or the 

<< -41  Am'"!fl 
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concenmtions many times p i u e r  than those seen 
elsewhere in the body,,Dogs rapidly accumul;uec 
inhaled ""Pu02 and ' - h O I  in thoracic lymph 
nodes. and somewhat less rapidly in hepatic md 
other lymph nodes asocirted with the gastro. 
inwstinal tract. draining the thoracic cavity via thc 
diaphragmatic region' 'I .  The concentnuion of 
plutonium in lymph nodes of members of the general 
population exposed to plutonium in fallout and a feu 
USTUR registrants was reporred to be at least 5-10 
times greater than in the lung'w."'. However. 
quantitative analyses concerning clearance time3 
fmm the lung or thorack lymph nodes c m m  hr 
derived from occupational exposure and autops! 
dura. since the depusition amounts and time oi 
exposure(s). are not well known for most u s e s ,  tht 
deposition levels arc usually very low. and most 
autopsies occur many yem after the last exposure. 

Cigarette smoking i s  well known to alter clearancs 
and translocation of inhaled panicles. An increased 
number of alveolar macrophages related to cigarette 
bmoking'.'''. may decrcy,I , trN, penetration of 
particles into lymph nodes . Dwnagc to the 
alvecllar epithelium due to oedema and mcmbrans 
rupturing, associated with cigarette smoke exposure. 
may interfere with article distribution into r y p  . 
alveolar epirhelium' lo\. Alveolar macrophages 13 
smokers exhibit a decreased chemotactic 
khaviour'B', and adrobable decreased adherence b i  
the alveolar wall' . All these factors. associated 
with cigarette smoking. would decrease thc 
penetrauon of inhaled panicles through rhe dveolar 
wall into the pulmonq lymphatics. 

cigarette smoking defnsses the c l e m c c  osl 
quartz panicles in rats' 'I, and. in guinea pig\. 
decreases the mechanical and bactericidal clearmce 
of E. c.ol?'*' but has no effect on the alveoliu 
clearance of inhaled iron oxide or chromium 
sesquioxide in rats and dogs'"'. The alveolar 
clearance of inhaled magnetite aerosol in human 
smokers was significantly prolonged compured to 
that of non-smokers: centripetal translocation 11f 

panicles. possibly associated with translocation 10 
lymph nodes. was also decreased in smokers''' 
After a year. abwt 50% of rhe deposited mugnetire 
dust remained in the lungs of  smokers whereas onl) 
10% remained in the lungs of non-smokers'"'. 
Pulmonary retenrion of inhaled "'PuO. wrb 

~ipnificantly greater in rats'"' and Jogs""that were 
exposed 10 cigarette smoke before and after acutc 
exposures to the plutonium aerosols. The experiment 
with rats was a shon-tern one: plutonium hoc!? 
burdens were monitored in vivo for only 6 week$ 
after exposure. The dogs were monitored for more 
than 400 d after plutonium exposure with subsequent 
in wrro determination of lung plutonium content and 
rwliochemical analysis of TBLN. The objty'we ! t  
both experiments was to demonsfrate the ettect .I 

cigarette smoke on pulmonary ckuann. focusing on 
the mucociliuy ckunnce mechanism. and evidence 
from autondiogmphic tcchqws applied to the 
inner surfacss of pulmonary airways of both species 
dcmonruared impairment of clearance by cigarette 

Dvlp oc, lung Md lymph node conccnouions 
provided in a report of the dog study'"' were 
mlysed to determine lymph nodeflung ratios to 
compare with thore fmm this USTlJR study. The 
m w i c  means of the ratios were 8.7 (GSD = 2.41 
for six smdre-e~pored do5s and 17.4 (GSD = 3.2) 
For six dogs that were not expored to cigarette 
smoke. These values arc not significantly different 
from rhosc reporred for **'%I and "'Am in Table 
2. Although the brr from dog experiments resulted 
from a shorter follow-up time and from only 12 
animals. they an considered reliable in tha~ time and 
mapirude of plutonium exposures were well 
charrcterised. only TBLN were included in lymph 
node m p l c s .  and there was M doubt about smoking 
histories. All of these factors were less cenain in the 
USTUR studies. 

In humans, the tom1 activity in thoracic lymph 
!odes of smokers. is marly all from cigarette related 
-'% deposition in tar particulates and is Is50 
times higher than in non-sm~kers'~'". Total alpha 
dose from combined polonium and actinides should 
be evaluated in cancer risk assessment. The removal 
of one risk factor. such as cigarette smoking. may 
substantidly reduce the risk of lung cancer in 
nuclear workers exposed to inhaled plutonium by 
removing both polonium and chemicals in smoke 
associated with promotion of pulmonary 
ciucinogenc !si 6. 

tmoke'Y I S  9 

CONCLL SIONS 
This anillysis of the concmtmtions of "Vu. 

2 J g * ' ~ .  ""Am and uranium in the mpiratory tract 
of 58 USTIJR cases suggests the existence of a long- 
term compartment within the lung itself. This would 
result in r greater doK to the lungs than would k 
predicted using the standard ICRP lung model and 
indicates that the model noeC to k examined and 
revised in light of this observation which is 
consiwnt with obfervations in the as well 
as with other USTUR ~1scs''~'. In addition. the 
results of this study clearly indicate impaired 
clearnnce nf actinides from the detp lung and 
translocots~n to regional lymph nodes in smokers. 
This would be a greater dose (and hence risk) to the 
lungs of ltmokcrs as compared to non-smokers since 
hoth lung clearance from the lung and to thoracic 
lymph nodes would bc impaired. Differences in 

dismburion of xtinidcs in smokers and non-smokers 
uggebt bpecial  consideration k given to norrnalise 
arcrnoperic nsks in the two groups. 
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