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PREFACE 

This 1984 annual report from Pacific ~orthwest laboratory {PNl) to the Department of 
Energy (DOE) describe!> re,.e«rch in environment, health_. and safety conducted during 
fiscal year 1984. The report again consists of five parts, each in a separate volume. 

The five parts of the report are oriented to particular segments of our program. Parts 1 
to 4 report on research performed for the DOE Office of Health and EnvironmentaJ 
Research in the Offke of Energy Research. Part 5 reports progress on nil research per
formed for the Assistant Secretary for Policy, Safety, and Enviror;ment. lr_ some 
instances. thp volumes repor: on re;earch funded by otl:er DOE comporents or by 
other governmental ertities under interagency agreemems. Ead1 par: (Onsish of pro
ject reports authored by scientists from sever.a] PNL research departments, reflecting 
the mu!tidi'>ciplinary nature of the research effort. 

The part~ of the 1984 Annual Report are: 

Part 1: Biomedical Science~ 
PrograM Manager- J_ F. Park 

Pan 2: Environmental Sciences 
Program Manager B. E. Vaughan 

Part 3: Atmospheric S<:ience'> 
Program Manager- C. [ Elderkin 

Pa:r 4: Physical Science~ 
Program Manager-). M. Nielsen 

Pan 5: Overview and As~essment 
Program Manager - W A. GlJSS 

D_ L Felton, Rf•port Coordinator and 
Ed::or 

B. f:. Vaughan, Report Coordinator 
C r"v1. Novich, Editor 

N. S. Laulainen. Report Coordinator 
E. L. Owczarski, Editor 

R" ."-'1, Garda. Report Coordinator 
J. E. Danko, Editor 

R. W, Baalman, Report Coordinator 
and Editor 

Activities of the scientists whose work is described in this annual report are broader in 
scope than the articles indicate. P'\.l staff have responded to numerous requests froM 
DOE during the year for planning, for service on various task g-ro~ps, and for special 
assistance. 
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Credit for this annual report goes to many scientists who performed the research and 
wrote the individual project reports, to the program managers who directed the 
research and coordinated the technical progresss reports, to the editors who edited 
the individual project reports and assembled the five parts, and to Ray Baal man, ed:
tor in ch1ef, who directed the total effort. 

Previous reports in this series: 

Annual Report for 

1951 W-25021, HW-25709 
1952 HW-27814, HW-28636 
1953 HW-30437, HW-30464 

W. J, Bair, Manage1 
S. Marks, Associate Manager 
Environment, Health and Safety 
Research Program 

1954 HW-30306, HW-33128, HW-35905. HW-35917 
1955 HW-39558, HW-41315. HW-41500 
1956 HW-47500 
1957 HW-53500 
1958 HW-59500 
1959 HW-63824, HW-65500 
1960 HW-69500, HW-70050 
1961 HW-72500, HW-73337 
1962 HW-76QOO, HW-776Q9 
1963 HW-80500, HW-81746 
1964 BNWL-122 
1965 BNWL-280; BNWL-235, Vol, 1-4; BNWL-361 
1966 BNWL-480, Vol. 1; B'<WL-481, Vol. 2, Pt. 1-4 
1967 BNWl-714, VoL 1; BNWL-715, VoL 2, Pt, 1~4 
1968 BNWl-1050, Vol. 1, Pt. 1-2; BNWl-1051, Vol2, Pt.l-3 
1969 BNWL-1306. Vol. 1, Pt. 1-2; BNWL-1307, Vol. 2, Pt. 1-3 
1970 BNWL-1550, Vol. 1, Pt.1-2; BNWL-1551, Vol. 2, Pt.1-2 
1971 BNWL-1650, Vol. 1, Pt.1-2; B'lWl-1651, Vol. 2, Pt. 1-2 
1972 BNWL-1750, Vol. 1, Pt. 1-2; BNWL-1751, Vol. 2, Pt.1-2 
1973 BNWL-1850, Pt. 1-4 
1974 BNWl-1950, Pt. 1-4 
1975 81\WL-2000, Pt 1-4 
1976 BNWL-2100, Pt. 1-5 
1977 P"l-2500, Pt. 1-5 
1978 PNL-2850, Pt. 1-5 
1979 PNL-3300, Pt. 1-5 
1980 PNL-3700, Pt. 1·5 
1981 PNL-4100, Pt. 1-5 
1981 P!>IL-4600, Pt. 1·5 
19B.l PNL-5000, Pt. 1-5 
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FOREWORD 

This report summarizes progress on OHER biomedical and health-effects research 
conducted at PNL in FY 1984 to develop the information required for a comprehen
sive understanding to the interaction of energy-related pollutants with living organ
isms. Our continuing emphasis on the evaluation of the risk to man from existing 
and/or developing energy-related technologies supports the DOE goal of increasing 
and diversifying national energy resources and decreasing risks to human health. 

The report is arranged to reflect the PNL programs relative to OHER programmatic 
needs and budget categories. Thus, the first section is devoted to an evaluation of 
possible health effects among nuclear workers. The next three sections, which con
tain reports of health-effects research in biological systems, are grouped according to 
the major endpoint being studied; carcinogenesis, mutagenesis, and systems damage. 
Since some projects have multiple objectives, a section may contain data concerning 
other endpoints as well. 

The section on carcinogenesis presents results from laboratory-animal dose-effect 
relationship studies with both nuclear materials and complex mixtures. Many of the 
investigations with nuclear materials are lifespan studies in various stages of comple
tion. These include major studies of inhaled plutonium in dogs and rats. Studies 
directed toward radionuclide effects in fetal and juvenile mammals are included in 
this section. Of particular current interest are studies with radon and radon daugh
ters, originally designed to explore exposure problems in uranium mines, which also 
provide information for evaluation of radon-daughter exposure in energy-efficient 
housing. Carcinogenesis studies of various fractions of complex organic mixtures are 
reported for the dermal and inhalation routes of exposure in mice and rats. These 
animal studies are integrated with in vitro studies of mutagenesis to obtain correla
tiom between mutagenic and carcinogenic processes. 

The mutagenicity section describes microbial mutagenesis studies with 6-amino
chrysene (6-AC) and benzo[a]pyrene (BaP) in coal-derived complex mixtures. These 
studies, along with the studies of mammalian-cell mutagenesis and BaP binding to 
mouse-skin deoxyribonucleic acid (DNA) reported in the carcinogenesis section and 
the studies of DNA damage in cultured mouse skin and metabolism of 6-AC and BaP 
in mouse skin reported in the systems damage section, are aimed at understanding 
how the interaction of various components of coal-derived complex mixtures influ
ences mutagenicity and carcinogenicity. 

A variety of studies relating to noncarcinogenic and nonmutagenic endpoints are 
included in the section entitled "Systems Damage," including teratology and perina
tal studies and studies to determine absorption, metabolism, and doses to critical 
tissues and organs of coal-derived mixtures and radionuclides. Studies of factors 
affecting the gastrointestinal absorption of actinides have demonstrated the variability 
and complexity of this critical link in the toxicity of these radionuclides, and promise 
to provide an improved basic understanding of intestinal absorption mechanisms. 
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Results are reported on the reproductive capability, neurotoxicity, and cardiovascuL::u 
effects in rats exposed to various fractions of coal~derived complex mlxtu:es. The 
Initial results of a lifetime study of mice exposed to magnetic iields are also reported. 

The biomedical and health effects research <It PNL ls an interdisciplinary effort requir· 
ing scientific contribution> from many research departments at PNL The personnel ir. 
the Biology and Chemistry Department are the principal contributors to this report 
Requests for reprints from the list of pubk<~tions for 1984 will be honored while 
supplies last. 
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• Statistical Health Effects Study 

Principal Investigator; E. S. Gilbert 

Other Investigators: /.A. Buchanan and S. Marks 

The overall objective of this program is to provide data required to evaluate the impact of energy
related activities on health. To date, this objective has been met primarily by analyzing mortality data 
on Hanford workers, particularly in relation to the radiation exposure they have received. In the past 
year, construction workers have been added to the data base for this study; a lung cancer case-control 
study has been initiated; confidence limits for radiation risks have been calculated; and recent analyses 
by other investigators have been critiqued. In addition, we have completed data collection for a case
control study of congenital malformations that have occurred in the Tri-Cities, WA. 

The most important objective of this pro
gram is to provide dilta required to evalu
ate the impact of energy-related activi
tres on health. An im!JortarJt elPment is 
Uit' i\nalysis of ddta on the> health of Han
to~d wov·kers as r·eflecled in their mortal
ity and in conljPnital millform<J.tions in 
theil' offsprinlj. The progr.>m incll,ctes tne 
dE-velopment of appropriate nTetlwdology for 
assessiny health eftects of chronic, low
level expo~ure 

Recently, effcrt~ at the llilnford l:rwil'un
mentill Health FoumJiltion (HCH~). which 
provide~ dato collection for· the moT· tal ity 
<iludy, 11ave focused on improvinq the qual
ity ot mortality data hy supplementinlj 
dot,> from the Social ~ecu1·ity Admirristra
tion with other sources, and by having illl 
CilUSes of death recoded usirHJ the comput
erized system at the National Center for 
Health Statistics. The revised mortality 
data have bepn analyzed, and results hove 
been C.Om]Jared with earlier· analyses No 
substi\ntive changes resulted; ot 11 cancer 
types tested for an association with radi
atiorl exposure, only multiple myeloma ex
hibits a statistically significant associ
ation. 

To date, analyses of the Hanford data have 
irrcluded only operation~ worker5. How
ever, ir1 1980, the decision was made to 
supplement the data base by ,1dcting con
struction worker·s. H[Hf has rww ident.i
fied about 12,000 construction workeT'S, 
Y'ddiation exposure data ar·e available for 
about 11,000 of them. We have not yet 
linked the ex]Josure and mortality data, 
but we have compared the mortality of con
struction workers with that of the general 
U.S population by calculating standard
ized mortality ratios (SMR) and have also 
exomi ned the magnitude of the radiation 
exposures. The SMRs for this POiJulation 
are lower than those for operations work
ers, suggesting that incomplete mortality 
ascertainment may be a problem. The total 
accumulated exposure for cor~struction 
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workers through 1978 is only ahout 12,000 
n:>m, less than one-sixth the amount accum
ulated by O!Jerations workers. 

In cooperation with HEHf·, a lung cdncer 
case-control study has been initiated. 
Any corn:>lation of radiation ex!Josure i\nd 
smoking habits could ledd to bias ir~ as
sessing the assnciation of radiation and 
mortality fr-om lunu cancer and, possibly, 
from other causes as ';Jell. Although smok
inlj do to ore not avai I able for· all work
PT'S, such ddta are availilble (although not 
ir1 comptjterized for-m) for most workers who 
cor>tinued to work at HJnford after 1964 
f-ortunately, the grour with available 
smokincj l1istories incluties most of thu~e 
with relatively lilrge radiJtion exposures 
Datd collection is now under· wily for a 
ca~e-corJtro·l stuliy of lung carKer that 
will include the use of availilble smoking 
data fhe pr·imary ljOal of this study is 
to investigate the association of lung 
cancer with radiation exposure, taking 
smoking into account; a secondary goal is 
to examine the ijeneral association of 
smoking habits with r·adiation exposure and 
other variables. 

The computev· pv·ogram HOX (Mortality and 
Occupational eXposures), which wa~ devel
oped for analysis of the Hanford data, has 
been made available to others with similar 
data. Also, the Journal ;o'fLO.:,"'?"i 
Medicine has accepted an 
l i cation describing the methodo I ogy upon 
which this program is based and advising 
readers of the JVa i lability of software to 
carry it out. 

Since confiderTce limits on radiation risks 
provide a useful way of quantifying the 
uncertainty in the Hanford data, several 
models for obtaining such limits have been 
explored, and both estimates and confi
dence limits have been calculated for sev
eral cancer types. These calculations 
indicate that, although the Hanford data 
show no evidence of positive correlations 



betweer radiatian "!'Vi 1•05t cancer types, 
the data are consiste'lt wnh etfects f;l!\i

f'l'd' t-i1w1 Ollr c,;rrently ?lcceptec est.i
mat.,s, I: h po~siOle, h<Tn'f!ver, to rJle 
Ollt effe::t5 tha: ar;, ord0•'5 cf na<Jn'tude 
h-igher thJ'l estioatf!s obui~e1 oy ~inear 
extraJ:.<:>la:ion fro'fl estimates bdsed en JO>r 
u1aticns expos€-d at relative';; nigh 'evels 
of rad'atiof1 (sud, as t'J<c JapanesB A~bo11b 

s..~rv'vors), Methods for oi:~ainhg ~uch 
lifl\ils o;ere ::lescribed ilt a nwetinq. Sta
tistics i<~ Health, ir Canterbury, U.l'., 
and at the Joint Stati~tica.l Meetings in 
Phl1ade:ph~<L 

Recent ana lyc.es of tlle 'i&nt'orc: data by 
Kne"!le, M<!nC\JSo, an<:: Stew;;.rt hil'-'" Le0n 
used as evicence in Worl:er CN!J;H'"JSatior 
hP«ringc.. !lesl.HS of ~t:ese ana1y:.es ar<:. 
in conflict with o.!f' n~sults. -in th>t the 
risk of ~ad;atio;;-lndw:ed ca:.cer i~ est·,~ 

rated to h<' lC or 20 t''lws =.tandard est1· 
mates (su.;h as t~os0 fouuJ ln BUR ::I, 

2 

fr>~ <>xample_L 1\ bl'iB"' crit:que ot t'l<h& 
ar>.-J 0 y<;ec. ha~ bEEn accepted "ur r;wb:'cat•:,n 
\r t;ht- 3dti~ll Ju: .. r·!,al of l!idw;tna1 McUi .. 
cinr, afT~---;.ore-· eYtCI1~-ive cr{i:lq:..e~-. 
I;;;;f.g prep« red. 

i'ed\Gal n:cords on bf2 cases 'Jt conwenihl 
ma 1 format10"S hi!Vte been ::mtil i 1ed, ;;r,,
nat.;hed cor1trol:, for thes., cs~e'> """e L< L 

ident'f'ed Ca~f'S 'nc:ude tho5e !lorn d.,~
i'lg tht period lYSB-19&0 1n tr.e tn·ee 1-,(,; 

pitah if1 Rl:::hlaml, Kerrevnck a1d ~'3s.-::-., 

(Tri~Citles). ,<anford enployeF stotws B "-
rodiat'on exposur0 have beer ue:Rmi'1fc,J 
for ;n.rent.s r>t c<'ISV~ an<i contn:ls, Jtd .-n 
ed1ted tlata tTl.:- io. rJOw in JJlace Ar·,d,· 
s's ~·f these da:a is bei.<q .-::orldurteu t,, 
CE:f'mine 'f th"rp )re a~,sc.-::i;tt1em:. n,_. 
t.oeen '1;mf ord emp 1 :;yment antJior ntJi a,, i; n 
<-J<PCs:,~re .arC (enge·oita1 tnaHor·mations 
Cono.,nital rAlfc~mat"on ca-:;2-s .,-11 f;t> c:::•1~ 

r-a--~c with contrc:s, ar>d ·:.eveul.1 types"' 
r:allcwmationr wi'l t:e 1nalyz.ed ~epah!t<::-::, 
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• Biostudies of Complex Mixtures 

Principal Investigator: D. D. Mahlum 

Other Investigators: M. E. Frazier, P. l. Hackett, R. H. lovely, L. B. Sas~er, and D. l. Springer 

Technical Assistance: C. A. Bolt,). A. Cushing, K. L. Hopkins, D. G. )ones, R. B. Lucke. 
R. l. Rommereim, and R. C. Zangar 

During the past year, SRC-11-derived coal liquids (CL} were further evaluated using the Chinese hamster 
ovary cells (CHO) and the mouse-skin initiation/promotion (liP) assays. Results from the CHO assay 
indicated that the polycyclic aromatic hydrocarbon (PAH) and nitrogen-containing polycyclic aromatic 
compound (NPAC) fractions contained most of the mutagenic activity. The CL boiling at 800-SSO"F and 
>850°F were the most active; however. those boiling at 750-BOO"F also showed substantial activity. 
Direct-acting mutagens were detected in these CL. Data from 1/P assays indicate that the CL boiling 
from 700-750°F was not very active as an initiator when it was applied as a single, 25-mg dose; however, 
application of 5-mg doses (one dose each day) resulted in higher tumor incidence. 

Studies to determine whether exposure of rats to CL causes changes in the cardiovascular system indi
cated that 6 week!. exposure to SRC-11 heavy distillate (HD) produced a 20% increase in blood pressure. 

Covalent binding of BaP to mouse skin deoxyribonucleic acid (DNA} in the presence of carcinogenic 
complex mixtures indicated very low binding levels of BaP. suggesting that compounds other than BaP 
contribute substantially to the carcinogenic activity of the Cl. 

In the inhalation studies in which rats and mice were exposed to SRC-11 HD for either 1. 4 or 12 weeks. 
all mice have been sacrificed, and about 20'1.', of the rats remain on study. Results for mice mdicate that 
4 or 12 weeks exposure to the highest dose (0.7 mg HD/Iiter of air) resulted in reduced life span and in 
skin and lung tumors. Results from histopathological evaluation of mouse tissues will be available dur
ing FY85; for rats, during FY86. 

Exposure of rats to SRC-1 wash solvent (WS) inhibited memory and reduced motor activity. Exposure to 
WS also produced a shift in the circadian distribution of activity. 

Mammalian-Cell Assays 

The 850°+, 800-850° and 750-B00°F distil
lates from the SRC-II process were frac
tionated by alumina column chromatography 
into major compound classes. The result
ant fractions were neutral aliphatic 
hydrocarbons (AH), PAH, NPAC, and hydroxy
containing PAH ( HPAH). These fractions 
were ex ami ned, using the CHO/HGPRT 
mammalian-cell mutation assay, in the 
presence and absence of an exogenous meta
bolic activation system that consisted of 
an Aroclor-induced rat liver homogenate 
coupled with an NADPH generating system. 

Evaluation of these data indicates the 
following important observations (Fig
ure 1): 1) SRC-Il CL contain direct
acting mutagens, or promutagens, which are 
"activated" (metabolized) by CHO cells 
without the addition of exogenous enzymes. 
2) In most instances, the mutagenic activ
ities (both direct and indirect) of the 
various chemical subclasses decreased with 

5 

decreasing boi 1 ing point (bp), as for the 
crude bp cuts. 3) The fraction that con
tains the neutral PAH compounds contains 
no direct-acting mutagens, as measured 
with our assay. 4) Individual chemical 
fractions of the 750-B00°F cut showed con
siderable activity; however, this activity 
seemed to be masked by the crude, both in 
the presence and absence of activating 
enzymes. 

An additional observation from the data in 
Figure 1 is that there appears to be con
siderably more mutagenic activity in some 
of the chemical fractions than was de
tected in the whole bp cuts. For example, 
if we weigh the activity of four chemical 
fractions of the 850+ distillate according 
to their proportional presence in whole 
distillate, the cumulative mutagenic ac
tivity of the four alumina column frac
tions is about twice that in the unfrac
tionated CL (Table 1). This suggests that 
the composition of the total material may 
antagonize or suppress expression of the 
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0 
2 3 4 Crude 

'~----------~~----------) 
850°F+ 

• With Activating Enzymes 

[]) Without Activating Enzymes 

• No Activ1ty Detected 

2 3 4 Crude 2 3 4 Crude 

750-800°F 

FIGURE 1. Potency in the CHO Assay oi Several Discrete Bo1ling Point Cub and The1r Respective Chemicc~l Fraction~. Obtaone 
Us•ng the Alum1na Column Separation Technique~ ol Later et al., Anal. Chern. 53: 161.2-1620 (1981). Companson of mutagemc 

respomes of CHO cells in the presenct> or absence of a metabolic activation sv,tt·m. The unfract•onated distillates are referred to J<; 

"crude." Chemica( fract1ons are: l .. aliphatic hydrocarbon; 2,. nt>utral polycychc aromatic hydrocarbon; 3 "' nitrogen-<:ontainin~ 
polycyclic aromatic compounds: and 4 = hydroxy polycyclic aromatic hydro<.arbon. 

TABLE 1. MutageniC Activities oi Chemical Class FrclCtJons Prepared trom SRC- 11 850°f+ Dic;tJIIclte. 

SRC-11 850°F+ 

Alumin.1 Column Fr,Ktoon' 

I \AH)Id l 

2 !PAHJibl 

3 tt-.PA()(CI 

4 !HPAt-tl!dJ 

TotaJc; 

1,1) Ahphatot hydrocarbon~ 
l blpoly.uomato<. hydrocclrbon~ 

Percent Total 
by W e1ght 

100 

1.6 

47 1 

~-U 

17 

100 

lcl Neutral poiyaromatoc compound) 
!dJ Hydroxy polycyclic aromatic hydrocarbon) 

mutagenic potential of the whole mixture. 
This same phenomenon is even more apparent 
with direct-acting mutagenic activity. In 
the absence of the activating enzyme, no 
mutagenic activity was detected in any of 
the three distillates assayed; however, 
the AH, NPAC, and HPAH fractions of all 
three distillates had considerable direct
acting mutagenic activity. 

I/P Studies 

We have examined a number of coal-derived 
liquids for their skin-tumor-initiating 

0.9 

40 

1.8 

I 7 

6 

Tot ell 
Mutant~llOO ~g 

140 

1.4 

189.0 

61.4 

.289 

280.7 

Percent Mutagen•< 
Act1vity 

100 

1.0 

135.0 

43 9 

~0.6 

200.5 

activi ty. Crude liquids that have shown 
significant activity have been fraction
ated into chemical class fractions in 
attempts to isolate and identify compon
ents responsible for the activity. These 
studies showed that initiating activity 
was associ a ted with the neutral PAH and 
NPAC chemical fractions. We extended 
these studies to the 700-750°F distil late 
to determine whether initiating activity 
was also associated with these chemical 
class fractions in the lower-boiling cuts . 
The AH, PAH, NPAC, and HPAH fractions were 
tested by applying them to the sl<in of 



female, Charles River CO-l mice in the 
same proportions in which they were found 
in the parent distillate. A subsample of 
the NPAC fraction was treated with nitrous 
acid to destroy the primary aromatic 
amines (PAA), then tested for initiating 
activity. All animals were treated twice
weekly with 12-0-tetradecanoylphorbol-13-
acetate (TPA) to promote tumor deve 1 op
ment; promotion continued for 24 weeks. 
Table 2 shows the tumor incidence and the 
tumor y i e 1 d (tumors per group of 30 11i ce). 
As in previous experiments with higher
boiling distillates, the neutral PAH had 
the highest activity, followed by the NPAC 
fr action. There was no significant activ
ity in the AH or HPAH fractions. Inter
est i ngly, the tumor response with the 
ni trosated NPAC fraction was not above 
background, suggesting that activity of 
the NPAC fraction was probably due to the 
PAA. 

TABlE 2. Skrn-Tumor-lnitiating Activity of SRC-11 i00·750°F 
D1~11llate Jnd It<; Chemi(al Class FrdCtlons. 

No 01 

InitiatOr lnt ldt'O("E' Tumor~1 •11 

V~h1dt> 5/30 5 

~()[) 7.'i0°F Dt~llll,tlt• 1 :'i30 ll) 

Al1phJl1l Fr,lc liOn 9.'30 11 

l'.~utr.t l Pn.H ~01..10 ll 

t-.PAC 11110 13 

IIP-\1 I .uo -1 

1'.11ro-,,1ted NPAC 5,'30 5 
A 1 + A2 + A3 + A-1 2l.'l0 32 

laiTotal numbt-r ot tumor' PN .:roup or 10 nlKt' 

When we tested several 50°F distillates 
from an SRC-JJ process solvent, the in
itiating activity of the 700-750°F cut 
relative to that of the >850°F material 
appeared to be lower than when these same 
materials were tested in a chronic skin
painting assay. To test our hypothesis 
that this difference might disappear if 
multiple initiating doses were used in the 
I/P assay, we applied one, three, or nine 
daily 25-mg doses of the distillate. We 
also initiated another group with five 
5-mg doses app 1 i ed on different days. 
Again, all mice were pro~oted with TPA for 
24 weeks. The results of this experiment 
(Table 3) show that 11ul tiple 25-mg doses 
produced responses, but that the highest 
response was found in the group initiated 
with five 5- mg doses. This suggests that 
the 25-mg dose was somewhat toxic to mouse 
skin, thereby preventing full expression 
of the activity. 
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TABlE 3. EtiE•ct of Dosmg Modal ity on the ~kin-Tumor
Initialing Ac-tivity of SRC-11 700-750°F Distillate. 

Nu. of 
Imitator Dost> lnc,dence Tumors(al 

\'eh•cle '>flO 5 

i0Cl·75CI°F Dl'ttll.llt• 1 x 25 mg 17rl0 30 

700-7.'i0°f Dl~llll.11€' 3 X 25 10)! 22/30 ')1 

70U-750°F Oi~ttlldlt> 9 "~s mg 2')/30 72 

700-750°F Oisttllatt> 5 x 5 mg 29no 'lO 

'·''Total numher oi tumo" pt>r )!roup or 30 m1u• 

In previous studies we have shown that 
hyd1·otrea tment of CL results in decreased 
mutagenicity and carcinogenicity, possibly 
due entirely to hydrogenation of aromatic 
mutagens and/or carcinogens; for example, 
hydroaromatic s from compounds such as BaP 
might be inactive. However, activity 
could also be lost if the hydroaromat ics 
that are formed interfere with expression 
of activity by the remaining mutagens and 
carcinogens (antagonism). Since we had 
access to hydrogenated derivatives of BaP, 
we tested these materials for both initi
ating activity and their effect on the 
intitiating activity of BaP. The materi
als used were 4,5-dihydi'O BaP, 7,8,9,10-
tetrahydro BaP, and a mixture of products 
resulting from the catalytic hydrogenation 
of BaP. The dihydro and tetrahydro deriv
atives were tested for initiating activity 
at doses of 25 and 125 ~g; BaP was tested 
only at a dose of 25 ~g. The dihydro BaP 
produced a dose-dependent response that 
was from one-half to one- fifth that of 
BaP; the tetrahydro BaP showed the ~ame 
slight activity for both doses. When a 
25-~g dose of BaP was applied in the pres
ence of 125 ~g of either the dihydro or 
tetrahydro derivatives, the response was 
no greater than for the same dose of SaP 
only. It is not clear whether this indi
cates antagonism between BaP and its 
hydrogenated derivatives, or that the af
fected cells have reached a maximum re
sponse for these types of materials. An 
additional experiment will be perfor11ed in 
which a group is separately initiated with 
BaP and the hydrogenated material, perhaps 
3 to 7 days apart. 

ONA Binding and Adducts Studies 

Previous studies have examined the effects 
of comp lex mixtures on the activity of 
indirect mutagens, using bacterial assays. 
Results from those studies indicated that 
the mutagenic activities of individual 
compounds were reduced substantially when 
they were presented to the bacteria in a 
complex oixture. Similar interactions 



were observed with an iN 1 carcinogenesis 
studies. For example, when BaP was mixed 
with a carcinogenic CL (50 ~g BaP + 50 mg 
CL) and applied once to the shaved backs 
of 11i ce, fewer tumors were observed in 
mice receiving BaP in CL than in mice re
cei ving BaP only. In another experiment, 
mice were initiated with complex mixtures 
from the SRC process ; ani~als treated with 
the >850°F fraction developed 2.5 times as 
many tumors as those i nitiated with the 
800-850°F, even t hough both CL contained 
equal amounts of BaP . These data demon
st r ate that the i ni tiati ng activi ty of BaP 
was suppressed when presented in a complex 
chemi cal matrix . To extend these studies, 
in vivo experiments were conducted to de
termi ne the extent of DNA bi nding of BaP 
alone or BaP in complex mixtures . 

For these studi es, tritiated BaP (50 ~g. 
375 ~Ci) i n dichl oromethane or tri tiated 
BaP (50 ~g. 375 ~Ci) in di chl oromethane 
containing 500 ~g or 25 mg of CL ~a s ap
plied to the shaved backs of CO-l mice 
(three treatment groups). Twenty·four 
hours af ter dosi ng, the area covered by 
the dosing solution was identified with 
ultraviolet (UV) 1 ight and removed. The 
ski n was digested with proteinase K, and 
the DNA was extracted once with phenol
chloroform- isoamyl alcohol and once with 
chloroform-isoamyl alcohol. After pr eci p
itation ~i th ethano 1 , the DNA was re
hydrated in buffer, and the amount of DNA 
~as estimated, using the absorbance at 260 
nm. The ratio of absorbance at 260 to 280 
nm was used to evaluate the DNA purity. 
Radioactivity associated with the DNA was 
determined by solubilizing the DNA and 
using l iquid scintillation counting proce
dures. 

In Vitro DNA Binding 

Results for the bindi ng of BaP to mouse
skin DNA are shown in Table 4. In the 
absence of CL, binding to DNA was 5. 5 pg 
BaP/~g DNA. When the CL were applied at 
amounts similar to those used in the ski n
painting assay (i.e. , 25 mg CL), binding 
of BaP was not detected. These effects 
were observed at ratios of BaP to CL of 
1:500. When the amount of CL was reduced 
so that the ratio of BaP to CL was 1:10, 
binding of BaP was about 25% of that for 
BaP alone. In addition, the binding of 
BaP in the presence of the >85D°F cut was 
slightly greater than for the 800-850°F 
distillate . 

The biochemical mechanisms responsible for 
differences in the carcinogenic activity 
of individual compounds, compared to those 
of complex mixtures, are unclear. Since a 
large portion (~45%) of each Cl was neu
tral PAH, the reduced DNA-bindi ng of BaP 
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TABLE 4. In Vivo Binding of Tritiated Benzo{a]pyrene to 
Mouse-Skin DNA in the Presence or Absence of Two Coal 
Liquids (Cll 

Ratro. DNA Brndrng. 
Substrate Dose. IA8 BaP:CL '¥o 

BoP :;o 100 

Sap+ 50 1:500 <2 
soo.asooF 25.000 

B.3P+ 50 1:500 <2 
>6S0°F 25.500 

BaP+ 50 1 10 22 
800·8~0 °F '100 

BaP + iO 1:10 31 
>850°F )()() 

may be due t o mass action. Assuming that 
PAH in the complex mixture compete for t~ e 
same bindi ng si te(s ) on the mixed- function 
oxi dase enzymes, mass action l aws di ctate 
that the rates and extent of BaP metabo
l ism were reduced by competiti on from 
other PAH . Presumab ly, many of these PAH 
are noncarcinogeni c, yet mos t ( if not all) 
are metabolized by mixed-function oxidase 
enzymes to more water- so 1 ub 1 e products. 
We do not know whether s imil ar competiti on 
occurs for components from other chemi ca·! 
classes , such as the aliphatic, NPAC or 
HPAH. 

Other mechanisms may al so be responsible 
for the resul ts observed. For example, i t 
has been shown that as the concentration 
of BaP increases, the route of SaP metabo
li sm shifts away from the pathway that 
produced the di ol-epoxide metabolite, 
which i s the ulitmate carcinogenic form of 
BaP . Both carcinogen ic and noncarci no
genic compounds present in the CL might 
cause s imilar pathway shifts, thereby re
ducing the amount (and/ or rate) of BaP 
diol- epoxide available for bi nding to DNA. 

Inhalation Studies 

Lifespan studies for animals after expo
sure to SRC-11 HD have also been conductec 
to determine whether short- to moderate
term exposures to a high-boiling CL re
sulted in shorter than normal lifespans , 
tumor development, and/ or other undesi r
abl e effects . In addition, we wanted to 
determine whether short-term exposures to 
this material at relatively high doses 
resul ted in adverse effects simi 1 ar to 
those observed after longer exposures. 

Animals (40 rats of each sex and 30 female 
mice in each treatment group) were exposed 
6 hours/day, 5 days/week for either 1 
(Group 1), 4 (Group 2), or 12 weeks 
{Group 3) at aerosol concentrations of 
0.68 + 0.03, 0.14 + 0.01, 0.03 + 0.003, 



and 0.0 mg HD/L of air for the high, mid
dle, low and control groups, respectively. 
Particle sizes were 1. 7 to 1. 8 1-1m mass 
median aerodynamic diameter (MMAD), with 
geometric standard deviations of 2.0 to 
2. 3. After exposure, animals were ob
served daily, weighed weekly for several 
weeks, then monthly for the remainder of 
their lives. Animals found dead were 
necropsied immediately. Currently, 10% of 
the rats remain alive; all mice have died 
or were sacrificed. 

Body weights for mice are shown in Fig
ure 2. Data for animals exposed for 1 
week indicate that they lost weight during 
exposure, then regained weight and grew at 
a uniform rate through the remainder of 
their lives. Weights for the low-dose 
group tend to be lower than for the other 
groups; the reason is not readily appar
ent. Group 2 and 3 animals, like those of 
Group 1, lost weight during the first week 
of exposure. Both treated and control 
groups then gained weight at a constant 
rate unti 1 the last few week.s of their 
lives, when weights tended to decline. 

50 
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FIGURE 2. Body Weights of Mice Exposed to Low !0.03 mg/L); 
Middle (0.14 mg/U or High (0.68 mg/LJ Leveb of SRC-11 Heavy 
Distillate ior 1 Week (Group 1), 4 Weeks (Group 2) or 12 
Weeks (Group 3). 

Data for median survival age of mice (age 
when mortality reached 50%) are shown in 
Table 5. For controls, the median sur
vival age in Groups 1, 2, and 3 averaged 
110 weeks. Generally, median survival 
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ages were lower with longer exposure and 
higher exposure concentrations. Survival 
ages for low-dose animals from Groups 1 
and 2 were about the same as those of con
trols. Median survival age was the lowest 
(approximately 30%) for animals that re
ceived the highest dose for the greatest 
length of time. 

TABLE S. Median Survival Ages of Female Mice Expo>ed to 
SRC-J( Heavy Distillate. 

Weeks of Age 

Do~e. mg/L: 0.0 0.03 014 0 68 

Low 'v\1ddle High 

Group~ Control Dme Do~e Dose 

I 111 109 101 95 

2 106 107 ll4 86 

.l J 14 90 91 80 

In addition to shortened life span, expo
sure produced skin tumors in the mice from 
a 11 exposure groups except the 1 ow- dose 
animals from Group 1 (Table 6). In gen
eral, the number of animals with tumors 
and the total number of tumors per treat
ment group increased with the length of 
exposure and concentration. Tumor i nci
dence for high-dose animals in Groups 2 
and 3 was similar: about 40% of the mice 
had tumors, with an average of ~2.5 tumors 
per mouse. Since tumors were observed in 
middle- and high-dose mice from Group 1, 
it is apparent that a 1 imited number of 
exposures to HO is sufficient to cause 
tumor development . 

TABLE 6. Skin Tumors Observed in Mice After Whole-Body 
Jnh,llation Exposure to SRC-11 Heavy Distillate. 

Dose. mgll: 

Groups 

2 
3 

Number of Animah with Tumor~!Total 
Number of Tumor~ 

0.0 0.03 0.14 0.68 

Low Midd(€' High 
Control Do~e Dose DOSP 

0/0 010 I {I 8/4 

010 313 6/7 13{28 

010 3/4 7112 11131 

We anticipate that all rats will be 
necropsied during the first quarter of 
FY 85, when we plan to complete histo
pathological examination of the mice and 
begin evaluation of the rats. If these 
evaluations indicate malignancies, the 
results from this study will provide data 
for risk assessment in humans in terms of 
exposure concentrations and time/dose re
lationships. 



Cardiovascular Studies 

In recent years, evidence has been ob
tained that suggests that PAH material may 
be involved in some aspects of cardiovas
cular illnesses. Moreover, there is an 
anecdotal history of increased incidence 
of disease, especially myocardial infarc
tion, among workers exposed to coal
derived materials. We have therefore in
vestigated the use of an isoproterenol 
myocardial infarction model to measure 
cardiovascular function in experimenta l 
animals exposed to CL. A strong dose
response relationship for myocardial in
farction in young adult rats was estab
lished, but we did not find this relation
ship in mature rats. Using this model, we 
then examined the susceptibility of the 
young adult cardiovascular system to 
SRC- II HD . 

Male Fischer rats were exposed to HD by 
inhalation (0.7 mg/L), 6 hours/day, 5 
days/week for 6 weeks. After a 10- to 
20-day recovery period, exposed and con
trol rats were injected subcutaneously 
with 0, 20, 40, or 60 mg of isoproterenol / 
kg body weight. Approximately 24 hours 
later, the femoral artery was surgically 
cannulated under light sodium pentabarbi
tol anesthesia, and blood pressure, heart 
rate, and electrocardiogram (ECG) were 
measured. The animals were injected with 
99Tc-pyrophosphate and killed 1 hour 
1 ater . Increased 99Tc uptake was used as 
a measure of cardiac damage. 

Blood pressure of exposed rats that re
ceived no isoproterenol was significantly 
elevated compared to those of control ani
mals (Table 7) . Exposed animals injected 
with isoproterenol also had higher blood 
pressure than controls, but this effect 
was significant only at the 60-mg/kg iso
proterenol dose. Except in animals in-

jected with 60 mg/kg isoproterenol prior 
to HD exposure, i soprotereno 1 generally 
suppressed elevation of blood pressure ' n 
the HD-exposed groups compared with the 
noninjected group. Administration of iso
proterenol before exposure had no effect. 

Heart rates of control animals increased 
with increasing doses of isoproterenol 
(correlation coefficient= 0.97; Tab le 7}. 
In contrast, heart rates of HD-exposed 
animals increased significantly at the 
20-mg/kg i soprotereno 1 dose, after which 
no significant dose-related change oc
curred. A highly significant difference 
between control and HO-exposed animals was 
observed in those that received isoproter
enol before HD exposure, suggesting that 
HD inhibited the normal recovery of the 
cardi ovascular system after exposure to 
isoproterenol. A trend for this same re
sponse occurred for blood pressure, al
though the results were not significant . 

Significant changes in ECG patterns were 
not induced by HD exposure, but major al
terations were recorded in animals that 
received isoproterenol. A dose-related 
increase was observed in the uptake of 
99Tc by the hearts of both contro 1 and 
HD-exposed animals after isoproterenol 
injections, and the uptake in control ani 
mals was significantly greater than in 
exposed animals. This suggests that HD 
had a protective effect against the myo
cardial infarction caused by the isopro
tereno 1. However, eva 1 uat ion was comp 1 i
cated by the HD-! nduced effect on body 
weight: 99Tc uptake by myocardial tissue 
of HO-exposed rats and control rats of 
similar weight was the same. 

These data suggest that the cardiovascular 
system may be at risk from exposure to HD. 
The isoproterenol infarction model may be 
useful for sensitizing the cardiovascular 

TABlE 7. Blood Pressure and He,Jrt Rates of Rats Exposed to SRC·II Heavy Distillate IHD; Boiling Point. 550·850°fl for 6 Week~: 
l~oprotenmol. to Induce Myocard1al Infarction. was Admini~tered a~ Indicated 

Blood Pressure. mm Hg 

Isoproterenol, 
mglkg body l\'e1ght 

0 

20 

40 

60 
60(CI 

tPre-hposureJ 

Con1rol 

100 ± 1.5 

99 ± 2.1 

101 ±50 

95 ± 1.9 

111±3.6 

HD 10 7 m~/ll 

112 ± l.s<al 

110 ± 5.0 

112 ± 1.7 

1 11 :t 3 1 (a) 

120 ± 3.6 

tal Significantly d1fferent tram control group tP < 0.01) 
tblSigOIIIcantly diitcrent from tontrol group tP < 0 021 
lclhoproterenol administered 3 day~ pnor to besinning e>.po>ure to HD. 
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Heo~rt Rate. beats/min 

Control HD <0.7 mi;\.LI 

367 ± 21 406 ± 19 

380 ± 80 430 ± 1411>1 

394 ± 11 43-1 ± 6.1((ll 

-l20± 12 439 ± 6.3 

375 :t 13 -135 ± 12<aJ 



system to cardiotoxic agents and measuring 
effects (e. g., heart rate changes), but 
the weight-related sensitivity of rats to 
isoproterenol may limit its use. Plans 
are now underway to determine whether 
these effects are transient or permanent 
and to extend these studies to other com
plex mixtures. 

Neurotoxicity Studies 

This year we have continuted to evaluate 
the hypothesis that SRC-I WS may have di
rect effects on the neurological basis of 
memory. Because the taste-aversion (TA) 
learning task we used last year was highly 
variable among replicates and because it 
took nearly 3 weeks to perform, we have 
assessed memory using a one-trial, learned 
inhibitory avoidance response. The con
trol group in this task is stable, and the 
task takes only 2 hours/day for 3 days. 

In the first study, rats were placed on 
the bright white side of a two-compar~ent 
apparatus, the other side of which was 
black. Typically, rats will pass through 
a portal to the black/darkened side within 
5-15 sec. After an initial adaptation 
trial, rats were again placed on the white 
side (Day 2); when they passed to the 
darkened side, they received a foot shock 
(1 mA, 2-sec duration). Immediately fol
lowing training, half of the rats (n = 10) 
were gavaged with corn oil vehicle (CO), 
and the other ha 1 f were gavaged with 500 
mg/l<.g body weight WS in CO. Three days 
later (Day 5), all rats were again tested 
in the two-compartment task to see if 
their entry to the darkened (shocking) 
side of the apparatus was inhibited. The 
rats were allowed up to 2 minutes to enter 
the darkened compartment before the mem
ory/ retention trial was terminated. The 
data obtained make it clear that WS, at 
500 mg/kg, does not produce retrograde 
amnesia. 

ws 108.3 :t 8.5 
co 103.2 :t 11.4 

A 11 rats exposed to WS fo 11 owing 1 earning 
showed retention of the adversive experi
ence. 

In the next experiments, we used the same 
memory test, but the WS or CO was adminis
tered 2 hours before the foot-shock train
ing trials. The rats were then assessed 
for retention on Day 5. The data show 
that exposure to WS prior to learning af
fected subsequent memory processes. 

WS 66.2 ± 17.7 
co 113.6 ± 6.4 

Either rats were unab 1 e to encode and 
store the 1 earning experience or the WS 
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affected their ability to retrieve it from 
memory 3 days later. 

In the third experiment of this series, we 
assessed whether the retention deficit in 
rats exposed to WS was due to state
dependent learning. This sometimes occurs 
when animals are trained when in one drug 
state and tested for retention in the nor
mal state, or vice versa. For example, in 
the experiment described above, it is pos
sible that the rats trained 2 hours after 
WS exposure might have shown normal reten
tion/memory if they had been re-exposed 2 
hours prior to the retention test on Oay 
S, when they would have been in the same 
drug state. We evaluated this possibility 
with four groups of 10 rats each. Half of 
the rats ( n = 10/group) were trained 2 
hours following CO exposure. Ln the re
tention test (Day 5), half of theWS group 
(n = 10) was exposed to WS for the second 
time 2 hours prior to the retention test; 
the other half of the WS group was exposed 
to CO prior to the retention test. Simi
larly, half (n - 10/group) of the rats 
exposed to CO 2 hours prior to training 
were re-exposed to CO 2 hours prior to the 
retention test; the other half that were 
originally exposed to CO were exposed to 
WS prior to the retention test. The re
tention data (Table 8) show that while 
some of the retention deficit was due to 
state-dependent learning (groups ws-ws, 
CO-WS), a significant source of variance 
was due to a genuine anterograde amnesia 
(group WS-CO), thus implicating neural 
dysfunction due solely toWS exposure. 

TABlE B. Mean Latency !Sec± SEMl oi Rat~ Adm1n"tc>red 
Comh1nat10ns of Wash Solvent (WS) and Corn Oil Veh1cle 
(CO) to R('-Enter Black Side of Compar1 ment in Te~t for Antero· 
grade Amnes1a and State Dependt>ncy. Treatment de<>i~nation~ 
are tor days 2 and 5 respectively. 

co co 
ws.co 
ws.ws 
co.ws 

11:!.5 ± 7.5 

70b± 19 . .5 

100.7 ;t 15.9 

lOO.b ± 10.0 

At doses of WS above 1.5 g/kg body weight, 
it is not uncommon to observe motor trem
ors within 10-15 minute s of gavage. These 
observations, along with the evidence for 
disruption of memory formation, suggested 
that lesions might be found in the central 
nervous sys tern fo 11 owing exposure to WS. 
For neurohistological evaluations, both 
male and female rats were exposed to WS 
doses ranging from 500 mg/kg to 2 mg/kg. 
At varying time intervals, ranging from 1 
hour to several days after gavage, these 
rats were sacrificed and perfused trans-



cardial ly. Coronal sections (25 ~m) were 
taken throughout the brain and spina 1 
cord, and sections of sciatic nerve were 
also taken. The neural tissue was stained 
for cell death (Nissil stain) and fiber 
degeneration (Fini<-Heimer). No evidence 
of cell death or fiber degenerat ion due to 
WS exposure was found in any of the tissue 
preparati ons . 

We have also examined motor activity in a 
residential maze . Animals were gavaged 
with 500 mg/kg WS 20 hours before testing. 
The testing lasted 23 hours, thus allowing 
us to evaluate the circadian distribution 
of motor activity. Statistically signifi
cant reductions i n activi ty were found in 
both male and female rats (Table 9). In 
addition, the male rats showed a shift of 
about 2 hours in the midnight epoch of 
activity despite the fact that the animals 
were we 11 adapated to a 12-hour /12-hour 
day/night cycle. 
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TABLE 9. Motor Activity /Mean Number [ ± SEM) Phot< Cf•l l 
Br<>ab 1n R(".idential MaZ{') o, era 23·hr Test Penod. Rah were 
ga\ aged w1th Wa~h Solvent IWSJ or Corn ()II Veh1cle 1( C )) 

i>E>iore testing. 

,\lalt-' ws 1il2.3±110.1 

co 22lf>.Q :t 220 2 

Female' ws 20'IIU ± 24U 

co 21\07 2 :1: J43.2 

Reproduction Studies 

During FY 84, a s tudy was conducted t 
determi ne the effect of exposure to hi gh
boiling CL on the reproductive capabili·y 
of female rats. This study wa s conduc-E.:! 
joint.ly under the "Bi ostudies of Compl ex 
Mixtures" and "Perinatal Effects of Com
plex Wxtut·es" projects (See "Perinatal 
Effects of Complex Mixtures," this t·e
port). 



• Inhaled Plutonium Oxide in Dogs 

Principal Investigator: J. F. Park 

Other Investigators: G. A. Apley, A. C. Case, G. E. Dagle, D. R. Fisher, E. S. Gilbert, T. C. Kinnas, 
K. M. McCarty, G. j. Powers, H. A. Ragan, S. E. Rowe, R. E. Schirmer, C. R. Watson, R. E. Weller, 
and E. L. Wierman 

Technical Assistance: j. C. Chapman, K. H. Debban, R. F. Flores, B. B. Kimsey, B. G. Moore, 
M. C. Perkins, C. 0. Romsos, R. P. Schumacher, and D. H. Willard 

This project is concerned with long-term experiments to determine the lifespan dose-effect relation
ships of inhaled mpuo2 and 238Pu02 in beagles. The data will be used to estimate the health effects of 
inhaled transuranics. 

Beagle dogs given a single exposure to mpuQ2 or 238Pu02 aerosols to obtain graded levels of initial 
lung burdens are being observed for lifespan dose-effect relationships. Mortality due to radiation 
pnuemonitis and lung tumor increased in the four highest dose-level groups exposed to 239Pu02, dur
ing the 13-yr postexposure period. During the 10112 yr after exposure to 238Pu02, mortality due to lung 
and/or bone tumors increased in the three highest dose-level groups. Chronic lymphopenia , occur
ring 0.5 to 2 yr after exposure, was the earliest observed effect after inhalation of either 239Pu02 or 
23BPu02 in the four highest dose-level groups that had initial lung burdens ~80 nCi. 

To determine the lifespan dose-effect re
lationships of inhaled plutonium, IS
month-old beagle dogs were exposed to aer
osols of 2 3~Pu02 (mean AMAD, 2.3 ~m; mean 
GSO, 1. 9), prepared by calcining the oxa-
1 ate at 750°C for 2 hours; or to 238puo2 
(mean AMAD, 1.8 ~m; mean GSD, 1.9), pre
pared by ca lcining the oxalate at 700°C 
and subjecting the product to H2

160 s team 
in argon exchange at 800°C for 96 hours. 
This material, referred to as pure pluton
ium oxide , is used as fue l in space
nuc 1 ear power systems. 

One hundred th ir ty dogs exposed to 239 puo 
in 1970 and 1971 were selected for long-
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term studies; 22 will be sacrifi ced to ob
tain plutonium distribution and pathology 
data; 108 were assigned to lifespan dose
effect studies (Table 1). One hundred 

TABLE 1. L1fespan Do~e-Effect Stud1E>~ with Inhaled 239puo, 
in Beagles.lal -

~ 
lf'Yt'l 

"llm~r of Do!ls ln1ttal Alveolar Depos•tiOfllbl 

Group loUie FPmaft> ne11cl llC•/!! lunl!lcJ 
Coouol 10 10 0 0 

1 10 10 3.5 ± 1.3 0029 :1: 0011 
2 10 10 22 ± 4 0.16 :1: 00-l 

10 10 79 ± 14 0.66 :1: 0 I 3 
4 10 10 300 :1: bl 2.4 :t. 0.4 
s 10 10 1100 ± 170 9.3 :t 1.4 

" 2 5 5800 :1: 1100 so :t22 

63 65 

Ia I hposed 1n 1970 and 1971 
tblfo,ttmati'd lrt~m ~~t,.malthora• counts at 14 and 30 davs J)OSI· 

"'poo.ure ~nd esumated lung wetghts 10.011 • body wetghtl 
let Mean :1: 9S'l. wnfod<>nc~ tnlervals a round the mt>an\ 
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thirteen dogs exposed to 23APu02 in 1973 
and 1974 were selected for lifespan dose
effect studies (Table 2). Twenty-four ad
ditional dogs were exposed for periodic 
sacrifice. The appendix (follow ing the 
entire Annual Report) shows the status of 
the dogs on these experiments. 

TABLE 2. Life-;pan D<r..e·Effect Studies wilh Inhaled lJ8puQ, 
in Beagle-;.la) -

O<.r..e r-:umber or Do!!> ln•llal Alveolar Oepo;•l•onlbl 
level 

Group ..,,ale h•mJie n(IICI fl(ll~ Lu nglC J 

Control I ll 10 0 () 

Ill 10 2.3 ± Oil 0.016% 0 007 

2 1l) to 18 ± 3 0.15 ' 0.0.5 

10 10 77 .± 11 0 Sb :t 0.07 

~ 10 10 350 :!: 81 16 • OS 
5 10 10 1.300 :!: 270 10 . 1 9 
(, 7 6 5100 :!: 1400 .n 12 

b7 66 

lal hp<»t'd '" 1'171 and 1974 
fbi Esttmated trom P•lf•rnalthora• count; ~I 14 .lnd lll days post· 

e•po;ure "nd e~hmated lung wt••ghl; ((1.011 x body wetghtl 
(~) Mean :!: 9S'lb tonhdE'ncf' •ntervals around tht- m"·'"' 

Table 3 summarizes, by dose-level group, 
the mortali ty and lesions associated with 
deaths through 13 years after exposure to 
239Pu02 . During this period, all of the 
dogs in the highest-level dose group and 



in Dose-Level Group 5, 20 in Group 4, 10 
in Group 3, 10 in Group 2, 13 in Dose
Level Group 1 and 11 in the control group 
were euthani zed when death was imminent. 
Fourteen dogs were sacrificed for compari
son of plutonium tissue distribution. 
Table 4 and Figure 1 show the primary 
causes of death and the distribution of 
239Pu in the tissues of these animals. 

As survival time increased, the fraction 
of plutonium in the lung decreased to ~16% 
of the final body burden by 12 to 13 years 
after exposure. During the first year 
after exposure, plutoniu~ was translocated 

primarily to the thoracic lymph node!-; 
little plutonium was translocated to other 
tissues. Plutonium content of the thor
acic lymph nodes increased to ~63% of lhe 
final body burden at 12 to 13 years aft~r 
exposure; the abdominal lymph nodes, pr n
cipally the hepatic nodes, contained ~4~ 
The fract; on of plutonium in 1 i ver in
creased, accounti ng for ~25% of the final 
body burden at 12 to 13 years after expo
sure in the higher dose-level groups. The 
organ distribution of plutonium in the 
periodically sacrificed dogs was generally 
simil ar to that of the high-dose-level 
dogs euthani zed when death was immi ner t 

TABLE 3. Summary of Le~1ons in Dog~ Euthanized Dunng the 13-yr Period After Inhalation of 239Pu02. 

Number of Dogs/Lesion Asso<.iated w1th Death 

b 8 8 

5 21 21 .?0 

" 22 10 13 2 

3 20 10 5 

2 21 10 

24 13 2 3 

Control 20 It 3 2 2 
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TABLE 4. (Cont~nuedJ 
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T1me Alter fmal Body fhorac1c Abdom•n,ll 
Do!! E\1xxure Burdt.n lymph Lvmph 

Number mo ~ lun~\ Node,t•• Nodeslbl l•ver "kPIPIOO Cau~ ol ~ath 

804M )7 I 101 ()l 29 0 .1 !1 7.9 O • .lb R.lcll.tt•()n Pneumonttl!lo lung Tumor 
~qar 4) 0 IJOSI> 55 44 002 II 17 O~J <;.tt.Uhl.t-' 

77lM 53 1.8~1 42 u 0.88 29 O.b9 lun1-t Ttu"''nr 
7S'IM 53 0 707 41 27 12 15 0 bS )ung Tumor 
79&F ;s 0.671 40 31 4.1 21 1.0 lung Tumor 
781M 59 1 177 59 11 1.6 Jb o n7 lung Tumor 
871'-1 &2 1 746 4S 27 n4 lb 0 71> lung Tumor 
i"5\F 69 1 171 IS 31 !)()4 24 ()b-1 lung Tumor 
71\I M b'l I 064 ll> 37 b.) I 'I 0.53 Lun~ Tumor 
?27M 72 OSIIS 39 14 12 n 0711 lunA Tumhr 
762M 7l 0.0017 51 42 0.34 u -, 06b \t~.rrltl('f" 

817\1 7~ I OJ4 ~2 J6 0.70 14 046 lunw. Tumt•• 
8nlF 76 0617 ll p u ,- 1 4 lung Tumor 
852F 77 1.06i" 33 IS 066 ll> () '14 lung Tumor 
801M 79 0415 20 4b II 20 1 4 lntE"htlttal Pnt~umon•t• ... 
lf"';M 61 OOO!b l4 61> 0 14 !JM 63 M.liHi!,n&nt l \'m~i\rJmJ Kldnt>).• 
7'4M 64 0004b 29 66 0 23 () 1'1 I 1 "f.ltu\ EpaltoptiCU' 
835F M 00'1'1 l:' 65 095 j I 7 Rrtu ulum Cell ~rt.nm., 
860f 8b V41>H 19 l1 13 34 0 l7 lunA Tumor 
76'1F '10 (1.(11<) J6 57 O.ll I ~ I 8 <hM1um Tumor 
II/18M qJ 0 179 l! 40 10 12 2.1 lun~ Tu"'"' 
856f ~4 0300 oiO 45 0 78 90 !9 lunR Tumor 
889f q4 0613 14 27 69 4" 8.1 lun~ Tumor 
787M QS 0.473 24 1Q 1q 2.7 lun~ lumnr 
8l0f Q(, 0.387 1 ~ 40 7.b 29 I 4 lung Tumor 
11!4f 97 0.025 j{l 46 3 5 091 l";ometr. 
7S!M qiJ 0.055 24 62 1.2 7.7 0.98 Lun~ Tumor 
IIMF 100 0616 18 ~2 29 so 29 lung Tumor 
908F 1-· 00073 14 72 004'1 t)Sb 0.9J l nk"""n 
... 76M 10.! lllll>> II 85 1 j 10 ll.S2 Pu ruoncu~ Thrombo~mhol •'>m 
SI!M IOJ 0 !88 " 3b J<l l b l ~ lung Tumor 
814F 104 00~ 49 31 4 1 HI 1.6 LunJ( Tumor 
SoiOF 107 0 38q 17 33 sa 37 ~0 lun~ Tumor 
7;-":'M HJ'I 0.3':1! 11 S! 7.8 24 1 7 LunK Tuni(lr 
6>'M lll'l U lH 20 1Q 94 27 l4 lung Tumor 
898F Ill 0 333 10 34 !A 21 l4 lung Tumot 
899F Ill U.OObb 7.5 8~ 0 14 0.27 l b Htrndn~•o-Mrcom.1 Ht-art 
6<)7~1 114 0.141 15 64 8 1 9.9 14 C.srdt.d< ln~un•c•rnr~· 
'1!14~1 115 0.444 16 4o II 25 1.2 Lu~ Tumor 
814F lib 0.178 !1 75 0.50 n 0 70 Pnf'umonld 

891M 111> 0002J 11 84 001>4 I) 48 1.5 ~~cu .. t-m•d: 
8JnM 11:' UHI 11 bl 15 7.4 097 lung lumor 
8'HM 120 0 148 10 47 18 20 )7 lui"'K Tun\cu 
:''!4.\1 1.!0 0 397 1J 33 14 31 H P•tUIIiU\' TumUf (uo:,h•n,.·r, 
761 F 1.!2 0 034 l7 sq 0 25 1 1 0.72 lun!( T urT>Ut ~·dne~ Tumor 
1\INf 123 () 120 12 l6 18 28 3.3 ll\t"f (urht•..,l\ Thyroid Tumor o\dd1~n·, 

8>4M 124 0.435 12 66 15 3.8 1.3 lung Tumnr 
II07F 125 0.0021 10 71 o.ss 1.2 u P•tu•tary T umc1r Cu~ooh1ng·~ 
810f 126 0 21'1 5.9 43 20 22 18 lung Tumor 
'J(.IM 126 0.11(11& 1) 60 !.3 9.0 1.9 Round Cel · \arc<><N 
748f 127 0.0015 10 :;o 0.87 0.31 1.2 Un~nown 
860o\.\ IH 0 335 8.~ b8 8.0 11 1.5 Lung Tumor 
805F 134 0 1&9 5.8 55 89 21 l8 l..oph.lg~•l lt•omyoma lung Tumor 
780F 135 0 007~ 28 I>~ 0.)7 0.02 0.79 Pht'OChromocylom• 
'l05f 135 ooeo 13 so 10 19 1.7 M.al1gnanr Lymphomd 
62Sf 1)7 00020 95 85 0.74 0.54 2.7 Htm.lngUl)Jrt.omd. ~pl("(>n 
7b4F J)q 0081 15 75 3.9 49 0.73 Lung Tumur 
808F IW 0 206 11 )0 1.8 53 3.0 Lung Tumor 
l!!lbF 1ol0 0.010 11 78 18 5.1 23 M.1hgnan1 .,...,IJno<I'W POil.~tE· 
830F 140 000062 11 1\2 0.61 0.11 2.0 Bone Tumor 
6llF 143 0 157 I 1 40 1.1. 31 1.1 '¥1ttnll\ Adrt'ndl ctncl 1 hyro1d CtrCtf"OM.l 
661M 145 lliKllb 21 Sb OilS 44 6.9 P~rucm•tl\ 
Cj(14f 145 1)0013 8.9 87 II 10 088 1.0 <.:hundrn-...1rcomJ 
756M 147 0.0016 1.5 75 1.0 1 b 4 I EpileP>v 
761M 148 0043 12 72 4'1 9.0 0.86 Neutohbro~arc omd 
886f 14'1 O.OOOBS 13 Sl 15 J6 13 Menlnf(IOrlM 
7q5F 152 (J 030 H 26 8.1 38 1 5 Lung Tumor 
771F IS l 0.019 20 71 10 58 1.1 lung lumor 
611F 153 o .Olb 22 44 4.7 27 II Mulliloh.lr Sdrtomd ~~ull 
82&F 153 0.0033 8.1 66 0.37 0.94 1 1 HPmang.om.l ~pl~n 
859\1 154 0048 19 Jl 29 73 0.79 l..nn.Jry Bl.lddt>< Tumor 
870F 154 00006! 82 10 4.9 9.1> 4.8 Pneumon•a 
87'1M 154 Prncemng Ht-mang•o~.Irtoma 

384M 153 0.077 Jl 45 94 30 1 6 Lung Tumor 
831f 's> 00087 24 71 0.65 1.3 1.0 Pneumon1.1 
866M 1 s~ 0 145 15 41 'J.J 34 0.20 lun~ Tumor 

W lnclodPS lratheobronch•al. mro•a,lm•l and >letndl lymph node. 
!Ill lodude<. hepallc. >Pien•c and ,..._..,,, lymph noclt'' 

15 



c ., 
'E 
:I 

aJ 

> 
'0 
0 

aJ 

«i 
c u: 
c ., 
"" a; 

0... 

1.0 

Lung 

0 238puQ2 

e 239Pu02 

@ Low Dose 239Pu02 1< 0 1 I'Ci) 

0. l J..._J..._J..._,!__J..._J..._L....JL....J---l---1.---l_L.....l...--L..L...J 

100 

~ 10 
'0 
5 

CD 

> 
'0 

~ 
;;; 
c u: ... 
c ., 
() 

.t 1.0 

0. 1 ~IL....l' )J-...L.....!-.-J..._L-.JL.......J---l..---1..--L.~ 

0 40 60 80 100 120 

Months After Exposure 

160 0 

FIGURE 1. Plutonium in Tissue> of Dogs After lnhalat1on of Pu02. 

16 

Thorac1c Lymph Nodes 

QJO 
oco 

0 ~ 
<P8 
~ 

'b 

Skeleton 

40 60 80 100 120 140 160 

Months After Exposure 



during the first 2 years after exposure. 
The lower-dose-level dogs sacrificed or 
euthanized during the 4th to 13th post
exposure years generally had a much 
smaller fraction of the final body burden 
in the liver, with a larger fraction re
tained in the lungs and/or thoracic lymph 
nodes. About 3% of the final body burden 
was in the skeleton at 12 to 13 years af
ter exposure. Plutonium analyses are 
still in progress on four of the dogs. 

The nine dogs euthanized because of radia
tion pneumonitis during the 3-year post
exposure period had increased respiration 
rates, and hypercapnia and hypoxemia asso
ciated with lesions in the lungs. Inter
mittent anorexia and body weight loss ac
companied the respiratory insufficiency. 
Histopathologic examination of the lungs 
showed radiation pneumonitis, character
i zed by focal interstitial and subpleural 
fibrosis, increased numbers of alveolar 
macruphages, alveolar epithelial hyper
plasia, and foci of squan~ous metaplasia. 
Autoradiographs showed activity primarily 
composed of large stars. m01·e numerou~ in 
areas of interstitial and subpleural fi
brosis. Dog 804M also had a pulmonary tu
mor, classified as a bronchio lar-alveolar 
care i noma. 

Forty of the 74 exposed dogs euthanized 3 
to 13 years after exposure had 1 ung tu
mors. Radiographic evidence of pulmonary 
neoplas i a frequently preceded development 
of respiratory insufficiency. In dogs 
with neoplasia in the lung, respiratory 
i nsufficiency, when it was observed, was 
usually a late clinical finding that oc
curred shortly be fore euthanasia. A 11 of 
the exposed dogs with lung tumors were in 
Dose-Level Groups 3, 4, 5, and 6. Two 
dogs in Dose Level 1 were euthanized 11.7 
and 12.1 years, respectively, after expo
sure: one had an osteosarcoma involving 
the nasa 1 cavity and maxi 11 a; the other 
had a chondrosarcoma involving the nasal 
cavity. One dog in Dose Leve 1 2, euth
ani zed 12.8 years after exposure, had a 
multilobular sarcoma of the skull. Three 
centro l dogs were euthani zed because of 
lung tumors. Dogs 794M, 803M, 809F, 824F, 
833F, and 835F (Dose Level 4), 697H, 778M, 
782M, 834F and 905F (Dose Level 3), 748F, 
754M, 769F, 780F, 806F, 826F, 831F, 859M 
and 862M (Dose Level 2), and 756M. 807F, 
825f, 870M, 875M, 879M, 886F, 891M, 899F, 
900M and 908M (Dose Level 1) died during 
the 7- to 13-years postexposure period of 
causes presently thought to be unre 1 a ted 
to plutonium exposure. 

In 17 of the dogs, the 1 ung tumors were 
classified as bronchiolar-alveolar carcin
oma; in six dogs as adenosquanous carcin
oma; in seven dogs, adenocarcinoma; in 

17 

four dogs, epidermoid and adenocarcinoma; 
in two dogs, epidermoid carcinoma; in one 
dog, epidermoid and bronchiolar-a 1 veo lar 
carcinoma; in one dog, adenocarcinoma and 
bronchiolar-alveolar carcinofta; in one 
dog, epiderDOid carcinoma, adenocarcinoma, 
and bronchiolar-alveolar carcinoma; and in 
another dog, adenocarcinona, adenosquan~ous 
carcinoma and bronchi olar-alveolar adeno-
carcinoma. The epidermoid carcin011a 
~~~etastasized to the skeleton; the 
bronchiolar-alveolar carcinomas netasta
sized only to the thoracic lymph nodes in 
eight dogs, and to several organs (includ
ing thoracic lymph nodes, nediastinum, 
kidney, thyroid, skeleton, heart, adrenal 
gland, aorta, and axillary, prescapular, 
cervical, splenic and hepatic lymph nodes) 
in four other dogs. Three of the adena
squamous carcinomas metastasized to thor
acic lymph nodes, mediastinum and thoracic 
pleura, and one to the hepatic and trache
obronchial lymph nodes. The adenocarcin
omas metastasized to the lungs, tracheo
bronchial lymph nodes, hepatic lymph 
nodes, splenic lymph nodes, sternal and 
axillary lymph nodes, heart, kidney and 
esophagus in three dogs. 

The lung tumors in the control dogs were 
classified as bronchiolar-alveolar adeno
carcinomas with metastases to thoracic and 
abdominal lymph nodes, trachea, esophagus 
and mediastinum; adenocarcinoma with n~e
tastases to the diaphragm and abdominal 
ly~h nodes; and combined epidermoid and 
adenocarcinoma with metastases to the 
thoracic lymph nodes, diaphragm, liver and 
kidney. 

Three of the exposed dogs had lesions of 
secondary hypertrophic osteoarthropathy. 
Sclerosing lymphadenopathy was associated 
with the high concentration of plutonium 
in the thoracic and hepatic lymph nodes of 
dogs in Dose-Level Groups 3, 4, 5 and 6. 
There was also a generalized lymphoid at
rophy that may be re 1 a ted, in the dogs 
with respiratory insufficiency, to debili
tation or to lymphocytopenia. Livers of 
the dogs in Dose- Leve 1 Groups 4 and 5, 
which were euthanized during the 4- to 
13-year postexposure period, showed moder
ate, diffuse, centrilobular congestion. 
Liver cells in these areas contained fine, 
granular, yellow pigment resembling l i po
fuscin, and were frequently vacuolated. 
Focal aggregation of vacuolated, 
lipofuscin-containing cells in the sinus
aids was associated with alpha stars on 
autoradiographs. 

Lymphopenia developed after inhalation of 
239puQ2 in dose-1 eve l groups ~i th mean 
initial alveolar depositions of 79 nCi or 
more (Figure 2). Through 123 months after 
exposure, mean lymphocyte values were sig-
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nificantly lower (P < 0.05) for Dose-Level 
Groups 3 and 4 than for the control group. 
At 127 months after exposure, mean lympho
cyte values for Dose-Level Groups 3 and 4 
were not significantly different than for 
the control groups. The reduction in 
lymphocytes was dose-related, both in time 
of appearance and magnitude. Over the 
course of this study, there has been a 
s l ight age-related decrease in mean lynph
ocyte values of control dogs. In addi
tion, mean lymphocyte concentrations in 
G1·oups 3 and 4 have tended to increase, 
making the differences between contra I 
dogs and these groups less significant 
than previously. At mean alveolar deposi
tions of 3.5 and 22 nCi, lymphocyte values 
were within ranges observed in contro 1 
dogs. A reduction in total leukocytes was 
evident in the higher-dose groups, which 
were also lymphopenic. No effects have 
been observed on red-cell parameters fol
lowing 239Pu02 inhalation. 

Serum che~istry assays have been performed 
to detect organ-specific damage from plu
tonium that translocated from lung to ex
trapulmonary sites. No consistent, dose
a-e l ated alterations have occurred in serum 
constituents (glutamic pyruvic transamin
ase [GPT], glutamic oxaloacetic transamin
ase, alkaline phosphatase [ALP], urea nit
rogen, and serum protein fractions) of 
dogs exposed to 239Pu02 . 

Table 5 summarizes, by dose-level group. 
mortality and lesions associated with 
death through 10~ years after exposure to 

238puQ2 . During this period, all of the 
dogs in the highest-level dose group, 19 
dogs in Dose- Leve 1 Group 5, 5 dogs in 
Group 4, 6 dogs in Group 3, 5 dogs in 
Group 2, and five dogs in Dose-Level Group 
1 were euthanized when death was imminent. 
Four control dogs were euthanize<.l during 
the 10~-year postexposure period. Twenty
one dogs were sacrificed for comparison of 
plutonium tissue distribution. Table 6 
and Figure 1 show the causes of death and 
the distribution of 2 311Pu in the tissues 
of these ani~ls. 

Of the 53 exposed dogs euthanized, 27 were 
killed because of bone tumors, three be
cause of lung tumors, and one because of 
radiation pneumonitis. Twelve of the dogs 
euthanized because of bone tumors also had 
lung tumors. Twenty-five of the 27 dogs 
with bone tUillors had osteosarcomas, one 
Dose-Level Group 1 dog (989F) had a fibro
sarcoma in the ilium, and one Dose-Level 
Group 4 dog (1103F) had a fibrosarcoma in 
a vertebra. All of the exposed dogs with 
osteosarcomas and lung tumors were in 
Dose-Level Groups 4, 5, and 6. Twelve of 
the 25 osteosarcomas were in vertebrae; 
two in femora; three in ribs; two in the 
scapulae; three in the pelvis; one in the 
tibia; one in the sternum; and one in the 
humerus. Dog 994F (Dose Leve 1 6) ; dogs 
1030F, 1047M, 1079M, 1096M, and 1191F 
(Dose Level 5); 991F and 1080M (Dose Level 
4); 960M, 1040M, 1043F, 1059F, and 1066M 
(Dose Level 3); 971F, 1078F, 1082M, 1188M, 
and 1229M (Dose Level 2); and 951M, 1063H, 
1069F, and 1106F (Dose Level 1) died dur-

TABLE 5. Summary of les1ons 10 Dogs Euthanized During the 10.5-yr Penod Aiter Inhalation ol 138Pu0~. 
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TABLE 6. Tissue Dtstribution of Plutonium to Beagles After Inhalation of 238Pu02• 

Percent of Fonal Body Burden 

Time Aller forul Body Thotacoc .O.bdomon~l 

Oos hpo;ure. Burden. l~mph lymph 
Number mo ~ lungs Nodest• l Node>lbl Lt\:er Sl.eleton C•u<e of Death 

1032M 0 25 0 150 97 0 34 020 I 7 0 16 ~cnf1<.e 
921F I 0.0044 93 065 0.~ 0 38 2.1 ~(Uft(;t' 
930F ) 0052 99 01>1 0.01 0.07 0.35 Sacnhc~ 
931F I 0.347 9b 1 9 001 005 0 3? Sacrofolt' 
929f 1 0017 91 75 0 002 0 26 osa Saoof!le 
932f 1 0 361 96 2 5 001 0.16 (' l<J Sacnf•<.t> 
923F 2 OOOlJ 88 94 003 009 0 44 SJcr~f•ce 
92SM 3 00064 91 4 1 004 0.04 1.2 Sunloce 
'126M 3 0 078 87 II on Ob5 11 ~aCiofoce 
934M 3 0 902 91 4.8 I 7 04S 095 Sact~ft<i?' 

ll18M 12 0 030 4S 27 006 10 15 ~clc.nfto? 
!)19M 12 0077 41 2& 003 11 10 !>.l<nfoce 
!21 4M 13 0014 51 92 0 ll 62 lb Soitcrtftce 
1310.1.1 25 0.026 19 36 0 08 15 28 Sacnftc~ 
1317M 15 0041 20 \j 0.16 17 26 Sacroloce 
!315M 25 0 .047 11 )I 0.04 17 28 Saufoct 
1191F 35 0 f>S8 2b l2 013 18 22 Pn~umo01c1 
121SM 36 0011 21 43 0 17 13 21 S....rofoce 
I 311M 37 0 .0!6 ll "\1 0.21 21 12 ~·(.fthCt" 
994F 42 5024 17 45 050 18 18 .O.dd"on ' O.s.-J>t' 
970F 48 00022 20 14 I) )b 16 24 ~fiCfllfCe-

1312M 49 0 035 1>8 29 u !6 15 l5 SJcnhu~ 
114)M 49 6.331 11 43 20 15 22 Borw Tumor. Lun~t Tumor 
102SM so 10.033 1& 27 7 1 24 23 lung Tumor 
1064M 51 8 427 13 -18 1.9 IS 20 Bonr Tun\Qf lung Tumor 
117Sf 52 3 b41 14 )I 11 08 25 26 Lung Tumor 
1079M 56 2 t62 911 411 43 tl l) "'"d•><>n ' Oo~eas.-
IO'!OF 59 1 204 43 n 2.7 lb 24 4.dcii\On·~ o~~t>,l\f 
118'1M 60 0044 89 25 01& 37 25 !...<rofoce 
1115F (,1 I 534 5.0 Jl 23 lb )3 Bonr Tumot 
116lf 61 ).663 12 l2 59 21 ~5 Bon• Tumor Add·~" s OtWtl\(> 
1009M bl 4.360 15 25 l 4 ll l3 Lung Tumor 
974f 64 1 465 51 24 ;9 H .1'1 Bone Tumor 

1091M 65 1 51~ 2 1 2& 9.1 2<1 30 Bone Tumor 
975F 66 3 749 11 30 2.1 28 25 Bont> Tumor Lung Tumor 

1042F 69 1 494 4.7 25 29 )2 )3 Bon• Tumot lung Tumor 
1037M 69 2 417 7 1 27 7 8 28 27 Bone Tumor 
1027M 70 2 546 3.6 " 70 40 )1 Bone Tumor lung Tumor 
1006F 72 2.816 7S 30 J 4 zq 26 HoM' Tumor, lunJI Tumo< 
1057M 72 1.748 1.0 3S 2l H 24 BoM' Tumor 
1082M 78 0006) 2.4 20 0 )I 40 34 P•r•tv-rs 
1081M 80 0.361 46 15 0 48 47 29 Hern.mgl~u.umd Heaft 
10S8F 80 t.OOO 2.0 16 44 11 41 Bone Tumor Mrenal Tumor 
IOOlM 84 I 766 29 31 20 11 18 Bont> Tumor. Lung Tumor 
1109F 86 0.885 091 n 40 34 35 Bone Tumor. 1\ddi•on ; Oo...-d>t> Lung Tumor 
1218F 86 0678 2.7 23 4 1 4~ 25 Bon(> Tumot 
1071M 91 1.088 54 26 34 !7 1.1 Bone Tumor lung Tumor 
106lM 94 0 00060 34 15 1 3 11 41 B<'Jnt~ T umot H1·.u1 l umor 
11 b()f 95 0 956 1 b 21 O.'ll 43 30 Bone Tumor lung Tumor 
960M 95 0 .036 4.0 21 049 33 l'l I>UiognJnt lymphnonJ 

1040M 96 0059 10 17 0'11> 40 35 Pdrdth~rood Ad.,noma 
!140M 97 OS04 38 18 77 37 30 Ront- Tumor 
989f 99 00017 51 11 1 l 21 29 Uon~ Tumm cr,bfosMrQmdJ 

I 211M 99 0 895 13 29 4 7 39 B Bone Tumor 
I 173M 99 0.462 2.0 33 75 21 31 Bon• Tumor 
1043F 103 0037 l 5 16 O.S7 33 41 EmP'o't'm•. Potuotary Tumor. Cushong·, 
1192F 109 0.345 2.4 73 46 36 46 Bon(> Tumor 
1178M 110 0594 0 .86 17 20 3l 42 Bon• Tumo< Lung Tumor 
1147M 115 0241 1.4 7.8 11 28 48 H•rnoatPd Veo1t!br•l ()o<c 

1106F 117 0.0029 1.3 16 1.8 99 57 "'drtm.1l Carcmom.t 
110)f 118 0 .231 0.76 18 3 1 45 31 Bone Tumor. lung Tumor 
1188M 119 00089 0 .71 15 0 94 68 24 ~~statoc lun11 Tumor 
1066M 121 0035 1.1 4 .4 ()52 S7 )2 Mdlognant lymphom,l 
1069F t21 0.0022 10 l.! 1 b 51 33 Malognant lymphortld 
1030F 122 0.160 1.5 15 1.1 21 56 Pneumon1.1 
951M 122 00023 l3 8 .9 0.77 47 35 Anesthl'>Od 

I 229M 123 0.0060 0.94 11 on JS 4'1 Prwumon1.1 
1072M 124 0.079 0.65 4.1 1.6 57 34 Rad1.11hon Plwumonl(l(, 

!157M 124 0.294 0.55 IS 37 41 44 Bon~ Tumor 
971M 125 0.0095 1.7 5.S 0 -'4 49 4 1 Hemar>goo,,ncom•. )pleen 

1078F llS 0.025 0.98 9.6 O.bO 46 41 Men•ng•om.J 
952F 125 0.106 1.0 44 2 1 39 48 Bone Tumor 

10S9F 126 0.050 4 2 74 0.99 4S 39 Malogfldnt Lymphoma 
991F 126 0058 18 14 0 81 36 41 Uronary Bl.!ddt-r Tumor 

4a1tncludl!1 tr;>cheobwn<hoal. mediaston•l •nd stl'rnal lym11h nodl'' 
4bltnclude> hl'patic. splenic and mewnteroc lymph nodt» 
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ing the 1~-year postexposure period of 
causes presently thought to be unrelated 
to plutonium exposure. 

The lung tu~rs were classified as 
bronchiolar-alveolar carcinomas in 11 
dogs, bronchiolar-alveolar adenoma in one 
dog, and adenosquamous carcinoma in two 
dogs. In one dog, three lung-tumor types 
were observed: bronchiolar-alveolar, ad
enocarcinoma and fibrosarcoma. Lung-tumor 
metastases were not observed. Bone-tumor 
metastases were found in the lungs of six 
dogs; in three dogs, the bone tumor me
tastasized to lungs, thoracic lymph nodes, 
liver, spleen and heart; in one dog, the 
bone tumor metastasized to the iliac lymph 
nodes; and in one dog, the bone tumor me
tastas ized to the lungs, pleura, diaphragm 
and heart. The five dogs with Addison's 
disease had adrenal cortical atrophy. 

In addition to the lesions associated with 
the cause of death, lesions in the lungs 
of the Dose-Level Groups 5 and 6 dogs in
cluded foca l alveolar histocytos is, alve
olitis. alveolar epithelial cell hyper
plasia, alveolar emphysema, pleural fibro
sis, and interstitial fibrosis. Nu11erous 
alpha stars we1·e observed, mainly in foci 
of fibrosis, and single alpha tracks were 
scattered throughout sections in foci of 
alveolar histocytosis and in alveolar 
septa. The tracheobronchi a 1 and media
stinal lymph nodes were completely obl it
erated by necrosis and scarring, associ
ated with high concentrations of plutonium 
observed as alpha stars. Si~ilar but less 
severe lesions were seen in the hepatic 
lymph nodes. There were extensive altera
tions in bone, including multiple areas of 
focal atrophy of bone; endosteal, trabecu
lar and peritrabecular bone fibrosis; and 
osteolysis of cortical, endosteal, and 
trabecular bone. One dog had lesions of 
secondary hypertrophic osteoarthropathy. 
Radioactivity in the bone was present a~ 
single tracks, generally scatte1·ed 
throughout the bone, cartilage, and bone 
marrow. The liver contained foci of he
patocellular fatty change, where small 
clusters of single tracks were seen. 
There was also mild, focal, nodular hyper
plasia of hepatocytes. Elevated serum GPT 
1 eve l s, suggestive of 1 i ver damage, were 
observed in the Dose-Level Groups 5 and 6 
dogs. 

Dose-related lymphopenia was observed in 
groups with mean alveolar 238Pu02 deposi 
tion of 77 nCi or more (Figure 3). The 
lymphocyte depression was more pronounced 
in magnitude and appeared earlier than in 
dogs exposed to similar doses of 239Pu02 • 

Through 126 months after exposure, mean 
lymphocyte values were significantly lower 
(P < 0.05) for Dose-Level Groups 4 and 5 
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than for the control group. However, 
lymphocyte values in the 238 Pu02 -exposed 
dogs tended to increase sooner after 
reaching a mini~un than in 239Pu02-exposed 
dogs, and mean lymphocyte concentrations 
in Group 3 dogs were not significantly 
different from values of contro l dogs 86 
to 94 months following exposure. As with 
239Pu, lymphocyte values in the two lowest 
exposure groups (2.3 and 18 nCi) were not 
different fro111 control values. A dose
related reduction in total leukocytes was 
evident, primarily because of lymphopenia, 
except in Groups 5 and 6, in which neutro
penia was also observed. Through 118 
months after exposure, mean leukocyte and 
neutrophil values were significantly lower 
(P < 0.05) for Dose-Level Group 5 than for 
the control group. No difference in mono
cyte va 1 ues was seen in relation to dose 
levels. A significant and progressive 
reduction in eosinophils was evident only 
in Group 6 dogs following 238Pu02 inhala
tion. No chronic effects have been ob
served in red-cell parameters. 

Lymphopenia, the earliest observed effect 
after inhalation of either 23 ~Pu02 or 
238 Pu02 , occurred after deposition of ~so 
nCi plutonium in the lungs. On a concen
tration basis, the 80-nCi dose level is 
about 40 times the 16-nCi maximum permis
sible human lung deposition, based on 0.3 
relll/wk to the lung. 

In serum chemistry assays of 238Pu02 dogs, 
performed ~re than 118 months fo 11 owing 
exposure, ALP and GPT values were higher 
than those of the contro 1 group only in 
Dose-Level Groups 3, 4 and 5 dogs. Eleva
tions in GPT are consistent with 1 iver 
histopathologic findings and radiochemical 
analyses indicating 238Pu translocation to 
the liver. Alkaline phosphatase eleva
tions occurred in some of the dogs with 
primary bone tumors and in others in which 
the increase was attributable to the liver 
(by heat inactivation of ALP) as the 
source of the largest portion of the ALP. 

At 9'1 to lO!.z years after exposure, the 
fraction of the fina l body burden in the 
lungs of the 238 Pu-exposed dogs was about 
2%, compared to 15% in the 239Pu-exposed 
dogs (Figure 1). At that time, ~8% of the 
238pu was in the thoracic lymph nodes. 
compared to ~57% of the 239Pu. Livers of 
the 23Bpu-exposed dogs contained ~43% of 
the plutonium burden, compared to 12% in 
the 1 i vers of the 239 Pu-exposed dogs. 
About 40% of the final body burden was in 
the skeletons of the 2 3Bpu-exposed dogs, 
at that ti 11e, compared to "-2% in the 
239pu-exposed dogs. Tissue distribution 
of 238pu in low-dose-level dogs did not 
differ from that in high-dose-level dogs. 
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• Inhaled Plutonium Nitrate in Dogs 

Principal Investigator: G. E. Dagle 

Other Investigators: R. R. Adee, G. A. Apley, A. C. Case, D. R. Fisher, E. S. Gilbert, B. J. McClanahan, 
G. J. Powers, H. A. Ragan, 5. E. Rowe, R. E. Schirmer, R. E. Weller, and E. L. Wierman 

Technical Assistance: J. C. Chapman, K. H. Debban, R. F. Flores, B. B. Kimsey, T. C. Kinnas, 
A. J. Kopriva, K. M. McCarty, B. G. Moore, M. C. Perkins, C. 0. Romsos, R. P. Schumacher, 
and D. H. Willard 

The major objective of this project is to determine dose-effect relationships of inhaled plutonium 
nitrate in dogs to aid in predicting health effects of accidental exposure in man. For lifespan dose
effect studies, beagle dogs were given a single inhalation exposure to 239Pu(N03)4, in 1976 and 1977. 
The earliest biological effect was on the hematopoietic system; as described in previous Annual 
Reports, lymphopenia and neutropenia occurred at the two highest dose levels. We have also 
observed radiation pneumonitis, lung cancer, and bone cancer at the highest dose levels. 

The skeleton and liver are generally con
sidered the critical tissues after inhala
tion of "soluble" plutonium (e.g., pluton
ium nitrate), on the assumption that the 
plutonium wi 11 be rapidly translocated 
from the lung to skeleton and liver. In 
sever a 1 rodent studies, however, i nha 1 a
tion of "soluble" plutonium has resulted 
in lung tumors as well as skeletal tumors. 
Lifespan studies are necessary to evaluate 
the comp 1 ex interactions between tissues 
and organ systems directly or indirectly 
impaired by lower levels of exposure. 
Beagle dogs were chosen to correlate rela
tive risks, determined in other studies, 
with different forms and routes of expo
sure to plutonium. 

Six dose groups (105 dogs) were exposed, 
in 1976 and 1977, to aerosols of 
239 Pu(N03 ) 4 for lifespan observations (Ta
ble 1). In addition, 20 dogs were exposed 
to nitric acid aerosols as vehicle con
trols, 25 dogs were exposed to aerosols of 
2 3 9 Pu(N03 ) 4 for periodic sacrifice to 
study plutonium metabolism and the patho
genesis of developing lesions; 7 dogs were 
selected as controls for periodic sacri
fice; and 20 dogs were se 1 ected as un
treated controls for 1 i fespan observa
tions. The dogs were exposed in aerosol 
chambers, using techniques described in 
previous reports. The Appendix (following 
the ent i re Annua 1 Report) shows the cur
rent status of each dog on these experi
ments. 

The initial deposition and early clearance 
of inhaled 239Pu(N03 ) 4 aerosols were dis
cussed in previous Annua 1 Reports. The 
average amount of p 1 utoni um in the 1 ung 
decreased to less than u; of the final 
body burden in dogs surviving 5 years or 
more (Table 2). There was early translo-
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TABLE 1. Lifespan Dose-Effect Studies with Inhaled 
239pu(N03)4 in Beagles.Cal 

Number 
of Dogs Initial Alveolar Depo~itionCbl 

Do~e level 
Group Male Female nCi(C) nC1/g Lunglll 

Control 10 10 0 0 

Vehicle 10 10 0 0 

10 10 2± 2 0.02 :t 0.02 

2 10 10 8± 4 0.06 ± 0.04 

3 10 10 56± 17 0.5 :t 0.2 

4 10 10 295 ± 67 2 :t 0.8 

5 10 10 1709 ± 639 14 ± 6 

6 3 2 5445 ± 1841 47 ± 17 

tal Exposed in 1976 .tnd 1977 
!biEstimated from external thoracic counb <1! 2 w~ks po~t· 

exposure and e~tim.tted lung weights \0.011 x body 
wt>ight) 

(clMean ±standard deviation 

cation to the 1 i ver and ske 1 eton, with 
only minimal amounts translocated to thor
acic or abdominal lymph nodes. This was 
in contrast to dogs that inhaled 239Pu02 , 
where a cons i derab 1 e amount trans 1 ocated 
to the thoracic lymph nodes but only small 
amounts translocated to liver or skeleton 
at these time periods. In a pilot study 
reported previously (Annual Report, 1979), 
238Pu(N03 ) 4 translocated more rapidly to 
liver and skeleton than did 239Pu(N03 ) 4 , 

but both reached a similar plateau at 1 
year after exposure. 



TABLE 2. Tissue Distribution of Plutonium in Beagles After Inhalation of 239pu(N0)14. 

Percent of Final Body Burden 

Time After Fmal Body Thorc1cic Abdommal 
Dog Exposure, Burden. Lymph Lymph 

Number mo ~Ci Lungs Nodes<al Node., I b) Liver Skeleton Cause of Death ---
1329F 0.485 70.05 O. lb 0.04 8.28 18.79 Sacrrf1ce 

1346M 0.902 76 81 0.12 0.03 10.45 10.30 Sc1crifice 

1347F 0.699 71.71 0.36 0.08 9.33 14.09 Sacr1fice 

I 336M 0.032 71.38 0.22 0 05 5.72 19.73 Sa entice 

1341F 0022 64.43 0.29 0.10 12.92 18.6] Sacr1f1ce 

1344F 0.0.52 5868 0.25 0.04 21.87 16.09 S<~criiice 

I 335M 0.003 19 . .52 0.07 006 6.68 25.04 Sacnf1ce 

1339F 0.001 1908 0.13 0.08 20.92 45.47 Sacrifice 

1351M I 0 002 40.68 1.22 0.09 17.09 28 .89 Sacrrflce 

1522F 3 0.059 54.68 0.57 010 11.52 28.24 Socni1ce 

1529F 3 0.049 .51 .68 040 0.07 18.48 23.74 Sacriirce 

1539M 3 0.072 52.45 0.31 0.0'> 18 . .58 2;.oJ s~criilce 

1564F 12 0.037 18.00 1.27 0.11 H .53 42.63 Satriiice 

1571F 12 0.053 22.37 1 47 0.11 28.7b 42 91 Sacrifice 

1588M 12 0.053 13.14 0.40 0.12 35.85 46.18 Sacnfice 

1424M 14 4.6..!5 33.10 1.43 o.1 o 2o.49 1o.88 Rad1ation Pneumon1t1s 

1517F lb 4 025 18 'l9 0.'14 0 18 2CJ.51 47.88 Rod1a11on Pneumonoto'> 

1510F 17 4.048 2.200 1.15 0.05 20.71 52.00 Radoat1on Pn~:>umonotr> 

1420M 25 1.616 16.51 0.86 0.20 7.77 70.0b Rad1atoon Pneumon1t1~ 

147JM 34 1.375 9.25 0.73 0.12 26.9.l ;8.34 Radiatoon Pneumonotos 

1518M 42 1.880 6.87 0 24 0.07 21 3-'1 67 51 Radoat1on Pneumonoti> 
+ Lung Tumor 

1512M 42 2 136 4.31 0.60 0.08 49.91 -12 .60 Bone Tumor 

1508M 43 1.730 3.24 O.b2 0.08 41 .53 52.70 Bone Tumor 

1459F 51 1 . .567 4 40 0.15 0.12 3086 61 .4 1 Radoauon Pneumonito> 
+Lung Tumor 

1492F 52 1.202 2.81 0.20 0.17 27.02 66.18 Bone Tumor 

1502F 'i4 3.113 080 0.39 0.09 3333 62.51 Bone Tumor. Lung Tumor 

1485F 55 1.052 0.82 0.35 007 31. 13 63.94 Bone Tumor 

1387F 55 0.167 1.41 0.22 0.12 4'5.48 49.10 Bone Tumor 

1429M 59 1.159 4 14 0.35 0. 10 37.06 54.70 Bone Tumor. Lung Tumor 
164&f bl 0.806 0 .72 0 .20 UAO 46.92 48.42 BonE> Tumor 
1619F 62 1.161 0 35 0.59 013 37.87 58.63 Bone Tumor 

1636M 66 0.634 1.21 0.27 0.52 53.97 3Y.09 Bone Tumor 

14'":t8f 69 0.845 0.59 0.32 0.13 .!6.63 53.37 BonE> Tumor. Lung Tumo 

1659 70 0.736 1.14 0.34 0.40 38.90 55 89 Bone Tumor 

1419M 76 0.873 0.69 0 .28 0.39 44 06 50.70 Bone Tumor, Lung Tumo 

1652 87 0.658 1.46 0.23 0.29 50.47 44.32 Bone Tumor. Lung Tumoo 

1408 93 0.18 1 0.60 0.19 0. 37 49.47 45.52 Bone Tumor 

Ia) Includes tracheobronchial. med1a~tona l and '>ternal lymph node'> 
(b) Include'> hepauc. splenic and me~enteroc lymph nodes 
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The earliest observed biological effect 
was on the hematopoietic system: l.Ylllpho
penia occurred at the two highest dose 
levels at 4 weeks after exposure to 
239Pu(N03 ) 4 . The results of these contin
uing evaluations are shown in Figure 1. 
Tot a 1 1 eukocyte concentrations were re
duced significantly in the two highest 
dose groups, i.e., Group 5 (mean initial 
alveolar deposition, ~1700 nCi), and Group 
6 ("-5500 nCi ). The reduction in white 
cells in Groups 5 and 6 is due to an ef
fect on most leukocyte types (neutrophils, 
lymphocytes, monocytes and eosinophils). 
This is in contrast to the effects of both 
23 9 Pu02 and 238 Pu02 , which significantly 
depressed lymphocyte concentrations by 21 
months after exposure to initial lung bur
dens of "-80 nCi or nore. The lymphopenia 
at lower dose levels of plutonium oxides 
may be related to the more-extensive 
translocation of plutonium oxide to the 
tracheobronchial lymph nodes. 

Tab 1 e 3 summarizes. by dose-1 eve 1 group. 
the mortality and lesions associated wtih 
deaths through 6~ years after exposure to 
239 Pu(N03 ) 4 . All five dogs at the highest 
dose 1 eve 1 and two of 20 dogs at the 
medium-high dose level died from radiation 
pneumonitis 14 to 51 months after expo
sure. Histopathologic examination of 
these dogs' lungs revea 1 ed interstitial 
fibrosis, alveolar epithelial hyperplasia, 
increased numbers of alveolar macrophages, 
occasional small e~physematous cavities 
and, at times, very small nodules of 
squamous metaplasia at the termini of res
piratory bronchioles. 

One dog at dose-level Group 4 was euthan
ized , because of large lung tumors, after 
77 months exposure. The lung tumors, both 
bronchiolo-alveolar carcinoma and co~bined 
epidermoid and adenocarcinoma, had ~etas
tasized to bone and lymph nodes. 

Lung tumors occurred in two additional 
dogs with radiation pneuoonitis and in 
five dogs euthanized because of osteosar
comas . Typically, the lung tumors arose 
in subpleural areas in proximity to areas 
of interstitial fibrosis or small cavities 
communicating with bronchioles. They con
sis ted of bronchiole-alveolar carcinomas 
in four dogs, a papillary adenocarcinoma 
in one dog, both bronchiole-alveolar car
cinoma and papillary adenocarcinma in one 
dog, and bronchiole-alveolar carcionoma, 
papillary adenocarcino~a. and mixed lung 
tumor in one dog. No ~etastases or inva
sions of nonpulmonary parenchyma were ob
served in dogs euthanized because of radi
ation pneumonitis or bone tumors. 

Os teosarcooas were the pri nc i pa 1 reason 
for euthanizing dogs after more than 51 
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months of p 1 utonium exposure. Osteosar
comas were present in 14 dogs euthanized 
42 to 78 months after exposure: 13 dogs 
from the Group 5 dose level and one dog at 
the Group 4 dose level. The osteosarcomas 
occurred in a lumbar vertebra (three 
dogs), thoracic vertebra (two dogs), cerv
ical vertebra (two dogs), a humerus (three 
dogs), sacrum (one dog), pelvis (one dog), 
maxillary bone (one dog), and in both a 
humerus and rib of one dog. Metastases to 
distal sites occurred in six dogs. These 
dogs also had radiation osteosis, gener
ally characterized by peritrabecular fi
brosis. 

The average cumulative skeletal dose for 
dogs with bone tumors was ca 1 cu 1 a ted as 
202 (SO, 120) rad, based on a logarithmic 
model of plutonium deposition using final 
body burdens . The dose was calculated 
using skeletal mass of 0.1 x initial body 
weight, and the duration as the time of 
death minus 60 days. 

Autoradiographs of liver sections from 
dogs euthanized 3 to 5 years after inhala
tion exposure to the higher dose levels of 
2 39Pu(N03 } 4 were compared with l iver sec
tions from dogs exposed to leve ls of 
239puo2 that yielded similar concentra
tions of plutonium in the liver at similar 
intervals after exposure. The autoradio
graphs showed that the nitrate-exposed 
dogs had >99% of plutonium activity in 
diffusely distributed single tracks (only 
rarely in alpha stars), whereas the oxide
exposed dogs had >99% of the plutonium 
activity concentrated in alpha stars (only 
rarely in single tracks). The character 
of the alpha activity probably influenced 
the increased prominence of hepatic ade
nomatous hyperplasia in the 239Pu(N03 )~
exposed dogs compared to the 239Pu02 -

exposed dogs. 

Serum enzy~e assays have been performed 
throughout the postexposure period in an 
attempt to diagnose specific damage to 
liver and/or bone by plutonium translo
cated from the lung. Prior evaluations 
revealed periodic elevations in mean val
ues for glutamic pyruvic transa~inase 
(GPT), glutamic oxaloacetic transaminase, 
and a 1 ka 1 i ne phosphatase (ALP); however, 
there were no consistent dose-related ele
vations in these values. Currently (more 
than 6. 5 years fo 11 owing exposure), ALP 
values in Dose Level Groups 4 and 5 are 
significantly (P < 0.05) higher than those 
for the control group. 

The percentage of plutonium deposition in 
bone present in marrow was determined by 
ultrasonic cell disruption of selected 
bones and analysis of bone and bone marrow 
separately. Table 4 shows that the di-
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TABLE 3. Summary of Lesions in Dogs Euthanized During the 6.5-Yr Period After Inhalation of 239PuCN01)4. 

Number of Dogs/le~ion Associated woth Death 

No No. Dead 
Do-.e Dog,f Dog!>/ 

Rddo.lllon 
Pneumoniti~ 

Radodlton c1nd 
Bone Tumor 

and 
Group Group Group Pneumono11~ lung Tumor Bone Tumor lung Tumor lung Tumor Pneumonoa lymphoma 

6 s 5 4 

5 20 IS 

4 20 2 

3 20 0 

l 20 0 

!0 0 

Vehicle 20 

Control 20 

TABLE 4. Pctrtiuon of 239pu Admimstered by Inhalation a~ 
119Pu!N0314 Between Bone and Bone Marrow in Beagle 
Dogs. 

Month~ Po_.e,posure: 4l 77 81 93 101 

Percent oi Plutonoum 1n MarrowlaJ 

Humerus 

Pro ... omal 

Dodphy~is 

Otstal 

1.55 7 07 3.56 

fd6 11 39 6.17 
0.41 2.31 032 

740 308 

14.79 6 76 

.!.tS5 0.36 

Radou~ 

Prm.ollldl 

Do.lphysis 

Dostal 

0.3 1 0.79 1 82 
0.79 1.41 

0.93 

lumbar \'ertt-brae 2 87 5.77 2.85 ).69 5.62 

<aJ Pu in marrow 

Pu on ontact bone !including marrowt X 
100 

8 
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5 

aphys is of the humerus consistently had 
higher percentages of the plutonium in the 
~arrow than proxi~al or distal portions of 
the humeri or the lumbar vetebrae. Sam
ples of radius frequently had too little 
plutoniull in the marrow for calculating 
ratios. 



• Low-Level mpu02 Lifespan Studies 

Principal Investigator: C. L. Sanders 

Other Investigators: J. A. Mahaffey, K. E. McDonald, and S. L. Newton 

This project will produce data to generate a dose-response curve (and to evaluate other statistical 
methods that also incorporate survival time) for lung-tumor incidence in Wistar rats following inhala
tion of 239Pu02 at levels producing lifetime radiation doses to the lung of <5 to >2,000 rad. The lung 
clearance of 239Pu is best representated by a two-exponential equation, with 78% of the initial alveolar 
depositions (lAD) cleared with a half-time of 19 days and 22% cleared with a half-time of 180 days. A 
total of 593 of 2134 exposed and 242 of 1058 sham-exposed rats have died. Among the dead rats, the 
percent with primary lung tumors was 71% for the 150-nCi group, 70% for the 82-nCi group, and 23<}, 
for the 32-nCi group. No lung tumors have been found in controls, and only three have been found at 
an lAD of <7.5 nCi. 

This project was designed to provide data 
for estimating the time/dose-response re
lationships of lung-tumor incidence in 
rats exposed by i nha 1 at ion to 239puo

2
• 

The lAD are determined by whole-body
counting for 169Yb calcined with the 
239Pu02 particles (Annual Report, 1983). 
The numbers of rats assigned to each ex
posure group were based on statistical 
analysis of previous higher-dose studies 
and on the historical frequency of primary 
lung tumors in untreated female, Fischer 
rats. 

A group of 70 rats was exposed to an aero
sol of 169Yb, 239Pu02 , and the clearance 
of 239Pu from the lung was determined from 
an imals killed at 1, 3, 7, 14, 21, 28, 42, 
63, 84, 126, 231, 336, 441 and 546 days 
after exposure. The group lAD for all 
rats was estimated to be 9.4 ± 0.4 nCi 
239Pu. Analysis of all data indicates 
that 78% of the inhaled 23 9Pu was cleared 
from the 1 ungs with a ha lf-1 ife of 19 ± 
4.5 days, and the remaining 22% was 
cleared with a half-life of 180 ± 110 days 
(Figure 1}. Analysis of lung weights from 
all rats indicates that a weight of 1.6 g 
is as useful in calculating radiation dose 
to the lung as the previous equation used 
for determining changes in lung weight 
with age (Annual Report, 1983). 

The cumulative rad iation dose to the lung 
from inhaled 239Pu02 , at time after expo
sure t, can be estimated by the equation: 

Rt (51.23)(5.15)(1.11 WBC14) Jt Y(t)dt 
1000 Lt 0 ' 

where Rt is the radiation dose in rad at 
time t; 51.23 is a constant; 5.15 is MeV 
per alpha di sintegration ; 1.11 WBC14 is 
the estimated lAD (in nCi ), based on 
whole-body counts for 169Yb at 14 days 
after exposure and corrected for alveolar 
clearance from 0 to 14 days by the factor 
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1.11. Lt is the lung weight, taken to be 
1.6 g, and Y{t) is the proportion of IAO 
in the lung at time t, given as: 

Y(t) = o. 78e -0.037t + O.ZZe -0.0039t 

The status of the 1 i fespan study as of 
October 1984 is shown in Table 1. A total 
of 598 of 2194 exposed rats and 242 of the 
1058 sham-exposed rats have died; histo
pathological evaluations have been com
pleted on 286 of the exposed and 101 of 
the sham-exposed rats. 

The degree of pulmonary fibrosis is sig
nificantly greater than in controls only 
at the 82- and 150-nCi levels. Nonsignif
icant increases in pulmonary fibrosis were 
also seen at the 17- and 32-nCi levels. 
The incidence was no different from that 
in controls at all lower exposure levels. 

The incidences of squamous cell and aden
omatous metaplasias were also related to 
exposure levels: 33 and 72% at the 82- and 
150-nCi levels, respectively, and no dif
ferent from those of controls at exposure 
levels of <17-nCi. Adenomatous meta
plasias were seen at about the same fre
quency as squamous ce 11 me tap 1 as i as (Ta
ble 2). 

Other than lung tumors in high exposure 
levels, the most prevalent tumor types 
observed in al l groups were pituitary ad
enomas and uterine tumors. Many of the 
pituitary tumors were large and were the 
probable cause of death. The uterine tu
mors were about two-thirds carcinomas ana 
one-third sarcomas (mostly adenocarcinoma 
and le iomysarcoma, respectively). Irre
spective of type, they were highly in
vasive, metastatic to the lung, and were 
the probable cause of death. Overall in
cidences of pituitary adenoma and uterine 
tumors were , respectively, 36 and 24%, 
irrespective of exposure group or age. 



16 

0 
14 Yltl = 0.775e -0.037 1t + 0.225e-0.00391t 

0 
12 

0 
u 0 
c 10 

~ i: 
Q) 

E 
0 8 0 0 (.) 

0> 

~ c 
::> 

...J 

::> 6 
0 Q.. 0 

4 CP§ 0 
cP 0 0 

2 0 8 

0 
0 100 200 300 400 500 

T1me After Exposure. days 

FIGURE 1. Amount oi 239pu Present in Rat Lung as a Function of Time After Exposure Each point represents the pluton1um 
content in the lung of one animal as determined by liquid scintillation counting. Tht> equat1on represents the best estimate of the 
clearance of r>luton1um irom the lung. 

TABLE 1. Status of the Inhaled 23YPuO~ Rat Lliespan Study as 
oi October 1984 

TABLE 2. Incidence of Pulmonary F1brosis and Metaplasicls in 
Rats Exposed to dn Aerosol oi JWpuo1• l&'lyb <N = Number 
of Animals} 

Number oi Rats 

Exposed Control 
Percentage oi Animdb 

Grc~de ot 
Metaplasia lAD nCt Alive Dead Alive Dead Pulmonary - --

lAD. nCi N Fibros1~1a1 Squamous Adenomatou~ 0.60 87& 123 4)1\ &0 --- ------
0 98 44& 92 245 24 0 101 0 17 ± 0.18 0 0 

2.4 IJ2 113 53 50 0.& 35 0 09 ± 0.28 2.9 (I 

5.7 54 42 21 21 0 ~~~ h 0.10±030 0 0 

7.5 211 32 20 9 
2.4 59 0 .1 '; ± 0.40 1.7 1.7 

17 18 4t 8 2 1 57 12 0.;!7 ±0.47 0 0 

32 18 42 10 111 75 19 O.lb ±0.37 0 0 

82 9 50 l) 1& 17 lO 0.&3 ± 0.76 3.3 10 

150 0 58 6 23 
.32 ll 0.84 ± 0.90 &.5 19 

Totob 82 27 2.33 ± 0.83 33 63 1541 593 816 242 
150 58 281±1.00 60 72 

(alo"' normal. I = very slight. 2 =slight. J "' modt>rate. 
4 = Sl:'vere. 5 "'exlrE'm(' 
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One interesting observation was the devel
opment of five embryonic kidney tumors, 
nephroblastoMas, in young rats, unrelated 
to treatment. 

The incidence of primary lung tumors at 
the higher exposure levels was similar to 
that previously reported for inhal ed high
fired 239Pu02 in rats (Sanders et al., 
1976, Radiat. Res. 68:349-360; Sanders and 
Mahaffey, 1981, Health Phys . 41:629-644), 
with the exception of fewer than expected 
adenocarcinomas at noderate to lower expo
sure levels. The total incidence of lung 
tumors was 71% at the 150-~Ci level, 70% 
at the 82-nCi level, 23% at 32 nCi, 5.3 to 
8.2% at 5.7 to 17 nCi, and only one l ung 
tumor at lower exposure levels; no primary 
lung tumors have been seen in the 101 con
trols. Lung tunors were primarily squa
mous cell carcino~s at the higher expo· 
sure l eve 1 s fo 11 owed in preva 1 ence by 
adenocari noma, hemangiosarcoma and other 
sarcomas (Table 3) . Most of the pulmonary 
carcinomas were highly invasive in the 
thoracic cavity; many had metastasized to 
thoraci c lymph nodes, and several to the 
kidneys. Pri~nary lung tumors were the 
probab 1 e cause of death in most of the 
high- level-exposure animals. 
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TABLE J. Incidence of Primary l ung Tumors in Rats Expo5~d 
to an Aerosol of 239Pu02, l69yb (N : Number of Ammals). 

Percentase of Animals 

Squamous 
Cell Adeno· Hemc~ngio· 

lAO. nC1 N Carcinoma carcinoma sarco ma To1al 

0 101 0 0 0 0 

0 .60 35 0 0 0 0 

0.98 15 0 6.7 0 67 

2.4 59 0 0 0 0 

5.7 12 0 0 0 8.! 

7.5 19 5.3 0 0 5 l 

17 30 3 3 3.3 0 6.7 

32 31 3.2 16 0 23 
82 27 -18 15 3.7 70 

150 58 43 12 10 71 



• Cigarette Smoke and Plutonium 

Principal Investigator: R. E. Filipy 

Other Investigators: W. J. Bair and R. L. Buschbom 

Technical Assistance: R. F. Flores, K. E. lauhala, and B. G. Moore 

Autoradiographic techniques with liquid photographic emulsion and cellulose nitrate track-etch film 
are being used to investigate the spatial distribution of inhaled plutonium in the lungs of beagle dogs 
exposed to cigarette smoke or to the plutonium aerosol only. More plutonium than expected was 
detected on the inner surfaces of bronchi, and particles were observed beneath the bronchial mucosa. 

The major objective of this project is to 
obtain experimental data on whether ciga
rette smokers are at a greater risk than 
nonsmokers to potential health effects of 
inhaled plutonium. Research efforts dur
ing the past year have been directed to
ward determining the effect of cigarette
smoke exposure on the spatial distribution 
of inhaled plutonium in the lungs of 
beagle dogs. Differences in deposition 
and/or retention sites of plutonium parti
cles could result in irradiation of vari
ous cell populations within the lung, some 
of which are more susceptible to malignant 
transformation t han others. 

Beagle dogs were exposed to cigarette 
smoke and/or a plutonium aerosol, as shown 
in Table L The dogs of Groups 1 and 2 
were exposed to cigarette smoke daily for 
approximately 6 months before Group 2 dogs 
received a single inhalat ion exposure to 
plutonium. Cigarette-smoke exposure of 
Groups 1 and 2 continued for approximately 
400 days thereafter. Oogs of Group 3 were 
also exposed to the plutonium aeroso l but 
received no Sllloke exposure either before 
or after the plutonium. On the last day 
of smoke exposure, the dogs were killed by 
exsanguination under deep anesthesia, and 
the lobes of their lungs were fixed indi
vidually by vascular perfusion with 1. 5% 
buffered glutaraldehyde. 

An autoradiographic technique, deve loped 
as part of this program, was used to de
termine the distribution of plutonium par
ticles in the major pulmonary airways of 
two lung lobes (left apical and cardiac) 
from five of the dogs, one dog from 
Group 1 and two dogs each from Group 2 and 
3. The technique was described in a pre
vious report (1983). Briefly, it involved 
stri pping the parenchyma from the airways 
to the approximate level of the tertiary 
bronchi, splitting segments of the air
ways, and pressing the inside surface of 
each segment against cellulose nitrate 
track-etch film for 6 weeks. At the end 
of that time, the pieces of film were 
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TABLE 1. Protocol to Determme the Eftect oi C1garette·Smoke 
Exposure on Clearam.e of Plutonium from the lung~ oi Beagle 
Dog~. 

GrouJ) Num!wr of Dog\ Exposure 

6 Smol.t- Only 

2 (, !l'IPuO 2 + Smokt> 

3 6 21'JPuO: Only 

etched in a 4N NaOH solution at 60°C for 
150 minutes and mounted on a glass micro
scope s 1 ide. An examp 1 e of the exposed 
and etched film is shown in Figure 1. The 
number of films (usually, approximately 2 
x 2 em) per bronchial tree varied between 
20 and 35, depending on the length of air
way that could be isolated from paren
chyma. 

As a first approach toward quantifying the 
amount of plutonium detected on the inside 
surfaces of the pulmonary airways, the 
films were subjectively graded according 
to the density of alpha-particle-induced 
etched pores (tracks) observed by low
power microscopy. A grade of "1" was as
signed if only a few alpha tracks were 
observed; a grade of "5" was assigned to 
films containing the greatest concentra
tion of tracks. In order to compare the 
spatia l distribution of plutonium within 
the lung lobes of the five dogs , the air
way segments were categorized as follows: 

1. primary bronchus only, 

2. ~ain lobar bronchi (except the term
inal segment) after the first 
branch, 

3. segments of bronchial branches be
tween the terminal segment and the 
main bronchus, 

4. terminal segments of the main bron
chi and of the bronchial branches. 



FIGURE 1. Photomocrogr~ph oi Track·Etth Film to Which 
a Plutonoum Concentrdtion Grade of ".2" \\a~ Assogned. 

Terminal segments were approximately 2 mm 
in diameter, the smallest size that could 
be isolated from the parenchyma and split 
for compression against film. 

Average grades assigned to categories of 
bronchial-tree segments from the left api
cal and cardiac lung lobes of four 
plutonium-exposed dogs are 1 is ted in Ta
ble 2. The data indicate that the small
est bronchi contained the greatest concen
trations of plutonium particles, and the 
main bronchi contained only small concen
trations. There is no apparent relation
ship between particle concentration and 
lung clearance or exposure to cigarette 
smoke. The values for Dog #1700 are arti
ficially low, especially for Category 4, 
because the entire cardiac lobe had very 
low bronchial concentrations of plutonium. 
If only the ap i ca 1 1 obe was considered, 
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the values in Category 4 and the average 
grade would be very similar to the corre;
ponding values for the other three dogs 
The bronchi of Dog #1736 (cigarette smoke 
only) contained no detectable radioactiv
ity. 

liquid-emulsion, cross-sectional autoradi
ographs were made from small portions of 
each bronchial segment removed before the 
track-etch film technique was applied. 
Figure 2, a photomicrograph of one of 
those sections, shows plutonium particles 
detected within the lamina propria of a 
bronchus. Several such instances have 
been observed in preliminary examination 
of these autoradiographs. Frequently, the 
particles were close enough to the epi
thelial layer so that basal epithelial 
cells were within range of the alpha radi
ation. The phenomenon of insoluble parti
cles beneath the mucosa of pulmonary air
ways has been reported previously in the 
scientific literature. Speculations about 
their entry range from penetration through 
the mucosa to penetration from the paren
chymal side of the wall. We cannot deduce 
the mode of entry from the autoradio
graphs, nor even whether the part i c 1 es 
were contained within macrophages. 

Two aspects of the autoradiographic re
sults are of radiological interest. 
1) the high concentrations of plutonium 
particles observed on bronchial surfaces 
400 days after a single exposure and 
2) the presence of plutonium particles 
beneath the bronchial mucosa in the lamina 
propria. These factors are of interest 
because the basal, dividing cells of the 
mucosa, which are highly susceptible to 
malignant transformation, are within range 
of alpha radiation from particles in both 
locations. 

Future research efforts wi 11 be directed 
toward quantifying of the p 1 utoni um con
tained in the pulmonary airways. One ap
proach will be to make standard track-etch 
autoradiograms from surfaces, such as fil
ters, containing known amounts of pluton
ium particles of respirable size. An ef
fort wi 11 then be made to compare the 
bronchial autoradiograms with tile stan
dards, using an image-analyzing computer. 
Also, lungs from the remaining four dogs 
per group will be processed for track-etch 
autoradiography. 



TABLE 2. Average of the SubJective Gradt>s of Alpha Act1vity Assigned to Track-Etch Film Pressed Aga1nst the Inner Surfaces of 
Bronch1 of Plutonium-E>.posed Beagle Dogs. 

Subj('(tivt' Grade 10·5) 

Plutomum lung Burcit>n Segment of BrondiU) 

l>o): ,..,() Group IMial. nC1 At Dt-ath .... 2 3 4 

1:'16 0 0 0 0 

1;'(10 2 915 80.1 05 0.7 1.8 u 
1722 ~ 1150 86 5 0 03 L8 2 2 

1hn8 3 1J~(J &7.2 0 O.CJ 1.5 1.9 

1733 3 1460 b8.5 _(J) 1.1 16 2.6 

I.UNo ~.1mple or pnmary bronc hu' 

FIGURE 2. Photormcrograph of a L1quid Photographic 
Emuls1on Autoradiograph of Bronchial Wall from a Beagle Dog 
Exposed to 2}9Pu02• 
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Average 
or All Segment~ 

0 

1.0 

1 4 

1.4 

2.2 





• Toxicity of Thorium Cycle Nuclides 

Principal Investigator: J. E. Ballou 

Other Investigators: R. l. Buschbom, A. C. Case, G. E. Dagle, R. A. Gies, and J. L. Ryan 

The purpose of this project is to investigate the biological hazards associated with uranium-thorium 
breeder fuels and fuel recycle process solutions. Initial studies emphasize the metabolism and long
term biological effects of inhaled mu-mu nitrate and oxide fuel materials and of 231Pa, a major, long
lived, radioactive waste product. 

Male Wistar rats exposed to graded doses 
of 23 1 Pa citrate aerosols (1, 17 or 56 nCi 
initial lung burden; ILB) have been ob
served for their 1 ife span. Retention 
kinetics in major tissues and metabo 1 i c 
data have been presented in previous An
nual Reports. Dose-response relationships 
for ma 1 i gnant 1 ung- tumor induction are 
discussed below. 

Cumul ative radiation dose to lung, the 
tissue most affected by 231 Pa inhalation, 
wa s calculated from the quantity of 231 Pa 
mea sured in the lung at death, assuming a 
genera 1 i zed 1 ung retention curve for the 
pooled data. The lung retention curve was 
derived by fitting a multiexponential 
func tion to data for individual rats that 
died and were analyzed during the lifespan 
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study. Estimated lung doses were divided 
into dose ranges for presentation in Fig
ure 1. Data points are simply plotted 
within the indicated order-of-magnitude 
dose ranges on the abscissa and are not 
positioned at any specific value within 
those ranges. 

The lung-tumor response to inhaled 2 3 1Pa 
citrate was in good agreement with results 
we have observed in similar s tudies with 
other inhaled actinide nitrates (Fig
ure 1) . Peak tumor incidence (73%) for 
23 1 Pa was observed in the 24 rats that 
sustained a cumulative radiation dose 
>1000 rad to lung; pulmonary adenocarcin
omas were the primary lesions induced by 
these soluble materials. 
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FIGURE 1. lncidt>ntl' of Malignant lung Tumors in Rats Expost>d to Inhaled Actinide Nitrates. 
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Malignant lung-tumor incidences are also 
shown in Figure 1 for 111ale Wistar rats 
exposed to inhaled 23 3U02(N03)2 and 
232U02 (N03 ) 2 aerosols. 

The 232U dose indicated in Figure 1 is the 
mini~nal lung dose since it includes no 
contribution from 2 32U decay products. 
Studies are now in progress to estimate 
the steady-state, in vivo concentrations 
of 232U, 22sTh, zz•Ra, 212pb and 212a ; to 
help define the daughter product dose . 
Preliminary observations indicate that the 
overall effect will shift the 232U data 
points in Figure 1 to the right, perhaps 
by as much as an order of magnitude, in 
compensation for the daughter product 
dose. 

The dynami c nature of the in vivo rela
tionships among 232U and its daughter pro
ducts is illustrated in Figure 2. Rats 
were intratracheally instilled with 
232U02 (N03) 2 plus daughters and were 
killed after 1 hour, 1, 7, 28, 56, 112 and 
161 days. Tissues (lung, kidney, femur, 
liver, muscl e and/or blood) were removed 

36 

rapidly at necropsy, sealed in plastic 
counting vhls and analyzed directly by 
high-resolution ga111111a spectrometry, using 
intrinsic germanium detectors. The dispo
sition of the various radioelements in 
lung (Figure 2) illustrates marked diffe r
ences in ~~~etabo 1 i Sill that are a 1 ready ap
parent within the first hour and appear to 
be maintained up to 56 days after admini s
tration. Data beyond 56 days are not yet 
available. 

Similar data for 23 2 U daughter dispositi on 
in kidney, skeleton and liver further il
lustrate the complex nature of the reten
tion curves (Figure 2). Since the short
lived daughters continue to be produced in 
vivo from their long-lived parents, the 
usual decreasing functions are often fol
lowed by a growth in daughter product ac
tivity reflecting this ingrowth from th1• 
parent. It is anticipated that the dispo
sition of daughter products after a morE• 
prolonged time interval of 100-150 days 
111ay more nearly represent the steady-state 
distribution relationships and should pro
vide information needed for dose calcula
tions. 
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• Inhalation Hazards to Uranium Mine rs 

Principal Investigator: F. T. Cross 

Other Investigators: R. L. Buschbom, G. E. Dagle, R. A. Gies, and R. F. Palmer 

Technical assistance: R. M. Briones, C. R. Petty, and W. l. Skinner 

This project is investigating levels of uranium mine air contaminants, using both large and small exper
imental animals to model human respiratory system disease. lung cancer and deaths by degenerative 
lung disease have reached epidemic proportions among uranium miners, but the cause-effect relation
ships for these diseases are based on inadequate epidemiological data. This project identifies agents or 
combinations of agents (both chemical and radiological), and their exposure levels, that produce respi
ratory tract lesions, including respiratory epithelial carcinoma, pneumoconiosis, and emphysema. His
topathologic data from rats are shown for approximately 300- to 10,000-working-level-month (WlM) 
radon-daughter exposures. Exposure of male rats to radon daughters and uranium ore dust continues, 
along with exposure of male and female beagle dogs to uranium ore dust alone. 

Small-Animal Studi e s 

Approximately 1000 male, specific-
pathogen-free, Wistar rats are currently 
on study; the 6000 and 7000 Series experi
ments (Table 1) ar·e designed to develop 
the relations hips between response and 
exposure to radon daughters (at two rates 
of exposure) and carnotite urani um ore 
dust. 

The 8000 Series experiments (Table 2) are 
designed to extend the exposure-response 
relationships to l evels appropriate to 
current condi t ions in the mines and to 
lifetime environ~ntal exposures. The 
9000 Ser ies experi~ents (Table 3) cont inue 
the "lo'ol-dose" studies at exposure rates 
comparable to former occupational working 
leve ls (10 WL). They will help to further 
eva 1 uate the hypothesis that the tumor 
probabi 1 i ty per WLM exposure increases 
with decrease in exposure and exposure 
rate. In addition, concurrent exposure to 
varying levels of uranium ore dust tests 
the hypot hesis that irritants (both spe
cific and nonspecific) act synergistically 
with radiation exposures, the synerg is11 
increasi ng with decrease in exposure 
l evel. The exposures of 9000 Series ani
mals are currently in progress; the expo
sures of 6000, 7000 and 8000 Series ani
ma 1 s are comp 1 eted; some of the 8000 
Series animals are still living. 

We have concluded that the most s ignifi
cant lesions related to radon-daughter and 
carnotite-ore-dust exposures in the 6000 
Series experiments are neoplastic and non
neoplastic les ions of the respiratory 
tract. Histopathologic data for these 
lesions in serially sacrificed animals 
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TABLE 1. Exposure·Response Relationship Study tor Radon
Daughter CarcinogeneSIS 10 Rats (6000 and :'000 s~·rt('<; 
Exp€'nment~l . 

Total 
~umber of Exposure. 
Antmals(cll Exposure Regtmen(b.cl WLM!dl 

32 1000 Wl Radon Daughters 10.240 
l 5 mg!m3 Uranium Ore Du~t 

32 1000 WL Radon Daughter~ 5120 
15 mglm l Urantum Ort' Du't 

32 1000 Wl Radon Daughrers l<;()O 
15 mg!m1 Uranium Ore Dust 

32 1000 WL Radon Daughters 1280 
I 5 mglm l Uranium Ore Du~t 

64 1000 Wl Radon Daughters 640 
15 mgfm3 Uranium Ore Duo;t 

1.!8 1000 WL Radon D,wghters 320 
15 mglm3 Uranium Ore Llu'>t 

32 Controb 160 

lal Number of antmals 1s suffioent to detect the predicted 
incidencE> ot lung tumors at the 0.05 to 0 I level of 
s•gmficance. assummg linearity of re-.ponse between 
0 and 9200 WLM bee iootnote dl. and 0.13% spon· 
tan eo us incidence. 

lbl Exposure rate, 90 hrlwk: planned periodic ~dcrifice. 
(c) Study will be repeated@ 100 WL rate (without 

periodic sacrifice) to augment previou> limited exposure· 
rate data 17000 series experiments). 

(dlworking level (WL) is defined as any combination of 
the short·lived radon daughters in 1 liter of air that will 
result in thl' ultimate emission of 1.3 x 10s MeV of 
potenttal O·energy. Working level month IWLM) ts an 
exposurE> equivalent to 170 hr at a l·Wl concentrauon 
Prevtou~ exposure at 900 Wl for 84 hr/wk to 9200 
WLM produced cln 80% mcidence of carctnoma. 



TABLE 2. low-Exposure Response Rei.Jtionsh•p Study for 
Radon-Daughter Carcmogenesis in Rats (8000 Series 
Experiments) 

Total 
Number of Exposure, 
Animalslal Exposure Reg•menlbl WlM(c) 

64 100 Wl Radon Daughters 64o<dJ 
15 mglml Uran1um Ore Dust 

&4 100 Wl Radon Daughters 32o<dl 
15 mglml Uranium Ore Dust 

160 100 Wl Radon Daughter\ 160 
15 mglm3 Uranium Ore Dust 

.552 100 WL Radon Daughter~ 
15 mglm I Urar11um Ore Du~t 

80 

448 100 Wl Radon Daughters 40 
15 mglm l Uran•um Ore Dust 

512 100 Wl Radon Daughters 20 
15 mgtml Uran1um Ore Dust 

160 Com rob 

Ia I Number oi ammab is sufficient to detect lung tumors at the 
O.O'i 10 0.1 level ot significance, a~'um1ng lmearity of 
respon,e ~tween 0 and 640 WlM {see wotnote c). 
and 0. 13'%. \pontaneou~ •ncidente 

tblfxpo~ure rate. 90 hrlwk: plannPd period1c sacnf1ce of 
l2 dnlmals from group 

ICIRecent exposures tnd1cate a tumor 1nc1dence of 16'%. at 
640 WlM Working le~~el (Wll is defmed as any com· 
b1nat•on of the short- l1ved radon daughters in 1 liter 
oi a1r that will result in the ultimate em1ss1on of 
1.3 x 1 0; MeV of potent1al a-energy. Working level 
month IWLMI is .Jn el<posure equ1valent to 170 hr at a 
1-Wl concentrallon. 

ldlRepeat exposure is ior normalization w1th Table 3 data 

were shown in the 1983 Annua 1 Report. 
These data indicated that the earliest 
lung cancers generally occurred approxi
mately 1 year following completion of ex-

TABLE 3. Ultralow Exposure Rate Study for Radon-Daugh:er 
Car<'inogenesis m Rats (9000 Series Experiments) 

Total 
Number of Expo~ure. 
Animalslal Exposure Reg1menlbl wwi<:J 

64 10 Wl Radon Daughter~ 320 
15 mgtm3 Uramum Ore Dust 

64 l 0 Wl Radon Daughters 320 
3 mgtmJ Uramum Ore Dust 

352 10 Wl Radon Daughter~ 81) 

15 mgtml Uranium Ore Dust 

352 10 Wl Radon Daughters 81) 
3 mglm3 Uran1um Ore Dust 

512 10 Wl Radon Daughters ~I) 

15 mgtml Uranium Ore Dust 

512 10 WL Radon Daughters 20 
3 mglm 1 Uranium Ore Dust 

96 Control~ 

(al Number of an•mals •s sufficient to detect lung tumors at the 
0.05 to 0.1 level of s1gnificance a~suming linearity 01 
re,ponse bt>l\~een 0 ond 640 Wl '-'1 Uumor 1ncid<'nce is 
approl(1mately 1b'- at 640 WLMJ, and 0.13"1. spon
taneous mcidence. 

tbiE~posure rate. 90 hr/wk: planned periodiC sacrifice oi 
.5.2 ammab in each group 

lclworkmg level (Wll is dcfmed as any combtnation oi 
the 'hort-hved daughter~ in 1 liter of alf that will result 
in the ultimate emis~10n of 1.3 x 105 MeV of potentia 
a-energy. Workmg level month !WLM) is an exposure 
equivalent to 170 hr at. a 1-Wl concentration 

posures. At exposure l evel s l ess than 
1280 WLM, no lung cancers were observed 
ear lier than 18 months after exposure. 

The current summary of tumors primary to 
the rat lung in the 6000 Series experi
me nts is shown in Table 4. 

TABLE 4. Current Summary of Primary Tumors oi the Respiratory Tract 16000 Serie~ Exper1mentsl 

lung Tumors 

Nom1nal No oi Ammals 
Exposure, Animals Nasal Ep1dermoid Adenosquamous w1th Resp1rator) 

WlM Exammed Carcinoma Adenoma Adenocarcmoma Carcinoma Carcinoma Sarcomalal Tract Tumors 

10,240 52 3 2 27 7 3 2 33 

5120 41 1 1 17 0 2 21 

2560 38 0 0 10 0 12 

1280 38 2 0 10 0 0 12 

640 70 1 2 5 0 0 0 8 

320 68 0 6 1 0 0 8 

Controls 45 0 0 0 0 0 0 0 

(alsarcomas include 2 hemangiosarcomas, 1 mesothelioma, 1 und1fferent1ated sarcoma, and 1 malignant m1xed lung tumor. 
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Large-Anlmal Studies 

Eighteen (nine exposed and nine controls) 
of 35 beagle dogs re~ain on study to de
temine the pathogenic role of carnotite 
uranium ore dust in inhalation exposure. 
We are particularly interested in clari
fying the role of ore dose in the produc
tion of the 11assive pul110nary fibrosis 
observed in an earlier study, in which 
beagle dogs were exposed to radon daugh
ters and 11ixtures of uraniu~ ore dust and 
cigarette smoke The present study 
(chronic, head-only exposures) began when 
the dogs were about 2~ years old. Along 
with routine physical examinations and 
periodic hematologic and clinical chemis
try measurenents, histopathologic, radio
metric, 11orphometric, renal and pulmonary
function evilluations were conducted on 
these dogs. 

The most notable pulmonary lesions ob
se rved in dogs exposed for up to 4 years 
(a comparable exposure time to the earlier 
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study) are vesicular e~hysema, peribron
chiolitis and focal pneumoconiosis. These 
lesions, described in the 1981 Annual Re
port, are in contrast to the co~aratively 
more severe lesions observed in the 
earlier study, in which beagle dogs were 
exposed to 11ixtures of radon daughters, 
uranium ore dust and cigarette s11oke. 

Renal function was evaluated on six 
uranium-ore-dust-exposed and six shall
exposed dogs following 6 years of exposure 
for 20 hours/week to 15 ag/~3 uraniu~-ore
dust concentrations (1983 Annual Report). 
With the exception of elevated glucose 
levels, results of a battery of tests were 
equivalent for the exposed and sham
exposed dogs, leading to the conclusion 
that kidney function had not been appre
ciably compromised by 6 years exposure to 
uranium ore dust. 

The animals, to date, have received 7lot 
years exposure to uraniUII ore dust. 





• Fetal and Juvenile Radiotoxicity 

Principal Investigator: M. R. Sikov 

Other Investigators: R. L. Buschbom, W. C. Cannon, D. B. Carr, G. E. Dagle, P. l. Hackett, B. J. Kelman, 
D. D. Mahlum, B. J. McClanahan, D. N. Rommereim, and l. B. Sasser 

Technical Assistance: J. A. Cushing, B. Hogberg, T. A. Pierce, and R. l. Rommereim 

This project is directed at obtaining detailed comparative information on the deposition, distribution, 
retention, and toxicity of radionuclides in the prenatal and juvenile mammal. Because quantitative data 
cannot necessarily be extrapolated to man, emphasis is also directed toward establishing patterns, 
phenomenologic interactions, and relationships which will be useful in determining appropriate expo
sure levels for rapidly growing infants or children and for pregnant women. 

Further dosimetry for an experiment to evaluate the effects of foster-rearing of newborn rats on the 
lifetime effects of 239Pu exposure has demonstrated that most of the lifetime burden is derived from 
prenatal exposure and that milk contributes little in addition. Other measurements have confirmed 
our tentative observation that the lifetime burden in offspring is greater with near-term exposure than 
with exposure earlier in gestation. Additional results from a comparison of the embryotoxicity of 139Pu 
and 141Am have confirmed that, on the basis of dose administered to the dam, the former has a greater 
effect on the conceptus. Pilot studies indicate that 233U is teratogenic, acting as a chemical rather than 
as a radiological teratogen. Studies with mPu-exposed pregnant rabbits have shown that maternal dis
tribution differs from that in rodents: concentration patterns in the placenta and membranes also 
differed. 

The protoco 1 and some resu 1 ts fy·om a study 
to examine the influence of foster-rearing 
of 239pu-exposed neonata 1 1·ats on 1 ate 
effects were reported in last year's An
nual Report. Pregnant rats were injected 
intravenously at 19 days of gestation (dg) 
with 60 nCi/g of a citrated (70-fold molar 
excess) 239Pu solution or with a citrate 
solution, and the offspring from some lit
ters were fostered to other dams at 1 day 
of age to form six experimental groups. 
In addition to two control (citrate) 
groups , there were four groups of exposed 
offspl'i ng: exposed pups that were kept 
with their natural mother (exposed); pups 
fostered between exposed mothers (exposed
exposed); exposed pups fostered to a con
trol mother (exposed-control); and control 
pups fostered to an exposed mother 
(control-exposed). 

The content and concentration of 239pu in 
representative organs during prenatal and 
postnatal development were presented in 
last year's repOl't. Carcasses from ani
mals that were killed at various times 
between birth and 22 days of age (and also 
at l year of age) have been subjected to 
radioanalysis. The resulting values were 
added to those in structures analyzed sep
arately to obtain the total-body plutonium 
content, which includes nuclide in the 
gastrointestinal tract (Figure 1). 

The 24-nCi burden at 1 day of age in the 
exposed, exposed-exposed, and exposed-
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control groups corresponds to about 0.1% 
of the injected 239Pu dose and represents 
the total contribution from placental 
transfer. (Those in the control-exposed 
group had not yet received any plutonium.) 
The low rate of plutonium loss with time 
in the exposed-centro 1 group represents 
the retention pattern in neonatal rats 
with a prenatally obtained body burden; 
i.e., rats in this group received no fur
ther plutonium. In both the exposed and 
the exposed-exposed groups, which received 
further plutonium via milk, the body con
tent progressively increased (by more than 
50%} during the fi r·st 2 weeks of age. 
This appears to be primarily from pluton
ium contained within the gastrointestinal 
tract, since the slope of this curve 
closely para) led that in the control
exposed group, which received plutonium 
only vi a mi 1 k. The marked loss of acti v
ity after 2 weeks of age, when the animals 
began eating solid food, wa$ sirailar in 
these three groups, but body burdens in 
exposed and exposed-exposed groups were 
slightly (not statistically significant) 
greater than that in the exposed-control 
group. At all time periods studied, the 
sum of the plutoniUB contents of the rats 
in the control-exposed and exposed-control 
groups approximately equaled those in the 
exposed and exposed-exposed groups. 

In all four age groups, the body burden 
remaining at weaning was retained quite 
tenaciously. No attempt was made to fit a 



Age, days 

FIGURE 1. Total Body Contl:'nt of Rats ExpOSt>d to 2 l'IPu Via Placental Transft>r Only t ••••• ExpiN'd-Controll· Mtlk O nly 
t-- Control-ExpO>ed)· or Via Plact>ntal Tran~iPr and Milk ~- h powd: ---- hposed-Expo-.edl . 

specific relationship to the data since 
values were not available at intermediate 
times; nevertheless, the straight line 
connecting the values at 22 and 365 days 
of age were parallel for the four groups, 
reflecting the patterns indicated above. 

We previously described (Annual Report, 
1978) the prenatal and neonatal distri
bution and retention of plutonium in off
spring from pregnant rats exposed to 239Pu 
citrate preparations at 9, 15 or 19 dg. 
These th.sues were obtained from animals 
in a study to evaluate the late effects of 
239 Pu relative to prenatal stage at expo
sure, and data were limited for the neo
natal period; none were available for the 
remainder of the first year of li fe . To 
obtain additional 239Pu-exposed tissues, 
pregnant rats at these stages of gestation 
were injected intravenously with 30 ~Ci/kg 
of the same plutonium ci trate preparation 
used previously. Offspring were killed at 
birth and at several sequential times 
through 1 year of age (Figure 2). 

The concentrations of plutonium in the 
liver and skeletal elements of rats killed 
at birth were similar to those reported 
previously. The present data set, which 
involved larger group sizes, more clearly 
defined the suggestive differences among 
the three age groups: in nearly all in
stances, concentrations were signif icantly 
higher in the animals exposed at 19 dg, 
less at 15 dg and least at 9 dg. The re-
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tention patterns in the s keletal elements 
were similar to those reported earlier. 
The quest i onab 1 e 1 i ver retention in off
spring exposed at the later times was not 
observed; instead, liver retention tended 
to decrease with time. Concentrations con
tinued to decrease progressively through 
60 days of age, a 1 though they were not 
exponential since they primarily reflected 
the growth of the offspring. Thereafter, 
bone concentrations cant i nued a s 1 i ght 
progressive decrease, although almost all 
skeletal elements continued to receive 
low-dose radiation exposures throughout 
the 30-month duration of the study. 

As part of our continuing effort to obtain 
comparative data on relative actinide dis
tributions in maternal and fetal placental 
tissues, stored samples obtained during a 
study of 239Pu effects in pregnant and 
fetal rabbits (Annual Report, 1980) were 
subjected to radioanalysis, and the data 
were evaluated. In these studies, 10 ~Ci/ 
kg of 2 39Pu was administered at 9, 15, or 
28 dg; some does were killed 24 hours 
later, and others at 29 dg. 

Concentrations of plutonium in maternal 
blood and in the skeletal elements (e.g., 
calvarium, vertebrae, and femur) at 24 
hours after administration were signifi
cant 1 y higher in does exposed at 28 dg 
than in those exposed at 9 or 15 dg (Fig
ure 3). The concentrations in the skele
tons of does injected at the two earlier 
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times and killed at 29 dg were similar to 
those of animals injected at 28 dg and 
killed at the same gestational stage. 
Liver concentrations at 24 hours after 
administration were substantially less in 
animal s injected at 28 dg than in those 
injected at 9 or 15 dg. The concentration 
in the liver increased by the end of ges
tation in those injected at 9 or 15 dg. 
This pattern of a progressive increase in 
liver concentrations is similar to that 
reported for nonpregnant rabbits but dif
fers from that in rats and mice, and sug-
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gests a species difference in the disposi
tion of monomeric plutonium. The concen
trations of plutonium in the placentas and 
extrafetal membranes were not nearly so 
high as those reported in the rat and 
mouse, and the ratio of concentrations 
between the two structures was not as dra
matic as in rodent studies. However, this 
disparity may reflect species differences 
in total mass of membranes relative to 
mass of vi 11 ous yolk sac, the p 1 acenta 1 
structure in which most of the plutoni um 
is deposited. 
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The design and preli111inary data fro11 an 
experiment to obtain contemporaneous c~
parisons of dosi~~etry and toxicity of 
241Am and 239pu in embryos was presented 
in last year's Annual Report. The develop
mental toxicology portion of the study ha~ 
been completed, and increased group size< 
were obtained; radioanalysis of additional 
tissues obtained for dosimetry is still 
incomplete. The effects relative to ad
ministered dose are essentially as previ
ously reported. As an extension of this 
study, we obtained preliminary data on the 
embryotoxici ty of 233U, using controls 
from the latter portion of the americium
plutonium study for comparisons_ Pregnant 
animals were injected intravenously with 
233U solutions prepared in the same manner 
as for the other transuranics, so that a 
constant amount of citrate was injected 
throughout. Doses were selected to extend 
the incomplete matrix de sign employed for 
the plutonium and americium: the high 
radiological doses of uranium corresponded 
to the low dose of plutonium, and the low 
dose was one-third of the high dose. This 
dose range ex tended into the chemica 1 I y 
toxic range for adult animals, as con
timed by the death of three of six ani
llals injected at the higher dose level. 
In the two pregnant rats available at the 
lower dose, results were indistinguishable 
from those in controls. At the higher 
dose, however, prenatal mortality was in
creased, and both fetal and placental 
weights were lower than those of controls 
(Table 1). Despite the small sample size 
in this pilot study, it may be important 
that cleft palate was detected in fetuses 
from all three litters and bent limbs in 
fetuses from two of the three litters, 
whereas these lesions were not seen else
where in the study. Further evaluations 
wi 11 provtde a quantitative assessment of 
the uose- response re 1 at i onsh ips and more 
detaileo dosimetry. 

The aff i nity of the maternal liver for am
ericium and plutonium may be involved in 
the distribution, and thus the toxicity, 
of these radionuclides. Observed differ
ences betw~en subsequent redistribution 
patterns may be due to differences in 
binding properties in tissues. We specu
lated that 11etallothionein, a low
molecular-weight, cytoplasmic protein with 
a high affinity fo r many metals, may regu
late the metabolis~ and/or storage of ac
tinides in the body. Its role may be age
re 1 a ted, s i nee endogenous concentrations 
are 20-fold greater in the late fetus or 
neonate than in the adult rat. Accord
ingly, liver samples were obtained from 
adult and fetal rats killed 24 hours or 5 
days after exposure to 30 ~Ci/kg of 241 Am 
or 239Pu. Heat-treated cytosol prepara-



TABLE 1. Effect of Exposure of Rats at 9 Days of Gestation (dg) to 233u on Size and Morphology of Fetuses at :10 dg. 

0 

Number of Litters Evaluated 13 

I mpla nts/litterla) 13.5 ± 3.0 

Deaths/litterlal 0.5 ± 0.7 

Fetal Weight, glb) 3.2 ± 0.3 

Placental Weight, g(b) 0.43 :t 0.06 

'lumber of Skeletons Examined 167 

Cleit PalatelcJ 0 

Bent limbsiC) 0 

Wavy. Bent or Knobby Ribslc) 1/1 

(aiMean ± SD 
tblMean of htter means± SO 
lclhpressed as number fetuses/number litters affected 

tions were chromatographed on G-75 Sepha
dex and analyzed by scintillation spectro
photometry for 241 Am or 2 39Pu content in 
the metallothionein fraction. A typical 
gel filtration profile of maternal liver 
cytosol is shown is Figure 4. The small 
amounts of both nuclides associated with a 
metallothionein-like fraction (molecular 
weight, approximately 10,000) may repre
sent nonspecific binding; americium ap
pears to have a greater affinity for this 

2HU Dose. ~i/kg Body Weight 

3.33 10.0 

2 3 

16.5 ± 2.1 13.7 ± 5.0 

0.5 ±0.7 3.3 ± 5.8 

3.3 ±0.0 1.8 ± 0.7 

0.41 :t 0.05 0.28 ± 003 

30 28 

0 9{3 

0 17{2 

0 26/3 

material than does plutonium. Unlike the 
binding of many heavy metals, most of the 
actinide activ ity was in a peak corres
ponding to high-molecular-weight mole
cules. Because of low placental transfer, 
we were unab 1 e to determine the presence 
of 2 41Am or 239Pu in the metallothionein 
fraction of fetal liver; in vitro labeling 
studies are planned to determine whether 
fetal metalloth ionein has an affinity for 
the actinides. 
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FIGURE 4. Gel Filtration Elution Profile of Heat-Treated liver Cytosol Obtained irom Adult Rab Injected with WAm or 
219pu_ 
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• Mutagenicity of Complex Mixtures 

Principal Investigator: R. A. Pelroy 

Other Investigators: D. l. Stewart 

The effect of coal-derived complex chemical mixtures on the mutagenicity of 6-aminochrysene (6-AC} 
was determined with Salmonella typhimurium TA98. Previous results suggested that the mutagenic 
potency of 6-AC forT A98 in the standard microsomal activation (Ames) assay increased if it was pre
sented to the cells mixed with high-boiling coal liquids (Cl} from the solvent refined coal (SRC) pro
cess. In this year's work, the apparent mutational synergism of CL and 6-AC was independently verified 
in a fluctuation bioassay which allowed quantitation of mutational frequencies and cell viability. The 
results of this assay system were similar to those in the Ames assay. Moreover, the fluctation assay 
revealed that mutagenesis and cellular toxicity induced by 6-AC were both strongly enhanced if 6-AC 
was presented to the cells mixed in a high-boiling CL. 

The fluctation mutagenicity bioassay sys
t em, which allows direct measurements of 
both mutagenesis and viability, was used 
to determine the effect of a CL on the 
genetic potency of 6-AC for ~ typhimurium 
TA98. As shown in Figure 1, the muta
tional frequencies for 6-AC plus an EDS 
850+°F boi1ing-point coal distillate (des
ignated 040) were from 10 to >100 times 
greater than those for 6-AC alone. These 
measurements were based on the number of 
revertants of TA98/viable cell, and they 
are independent. over at least severa 1 
orders of magnitude, of cell killing. 
These data strongly support our interpre
tation of the standard Ames assay data 
that synergistic effects between 6-AC and 
CL enhance the potency of 6-AC. 

Addi tional support is given to this theory 
by the fact that the mixture of 6-AC plus 
040 appeared to induce extensive killing 
of TA98 (Figure 2), ranging from ~so% (at 
0.005 ~g 6-AC/ml exposure medium) to >95% 
(0 . 01 to 0.02 ~g 6-AC/ml exposure medium). 
This is the effect anticipated, since en
hanced ONA damage leading to mutation 
(Fi gure 3) would likely cause cell death, 
especially at higher levels of 6-AC. 

In contrast to results for 6-AC, the muta
genic potency of benzo[a]pyrene or 1-
nitropyrene plus 040 did not appear sig
nificantly greater than for these chemical 
mutagens alone (Figure 4). 

Finally, the enhanced mutagenesis of 6-AC 
p 1 us 040 versus that of 6-AC a 1 one was 
strongly dependent, in the fluctuation 
assay, on metabolic activation by 59. 
However, these data do not show whether 
the effects leading to enhanced mutagene
sis are at the level of the activating 
enzymes or at the targe~ ce 11 (TA98) 
level, or both. Future work will be di
rected to investigating possible mechan
isms by which CL enhances the mutagenic 
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potency of 6-AC and other amino polycyclic 
aromatic hydrocarbons. 
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FIGURE 1. RelativE' lncr€'ase in Mutation Frequency in Cell~ of 
5. lyphimurium TA98 Exposed to 6-AC Plus thE' EDS 850 ° + F 
(040) Coal Distillate Versus that for Cells Exposed to 6-AC 
Alone. Conc€'ntrations of 6-AC are as indicated; concentration 
of EDS 850°+F (040), when present. was 5 jJg/ml exposure 
medium. Relative mutation frequenc•es are expressed as the 
ratio of revertants T A98/viable cell ior cells exposed to 6·AC 
plus 040 to revertants TA98/viable cell for 6-AC alone. All 
as~ays were carried out in the presence of Aroclor-induced rat 
liver microsomE's ($9). All responses were significant at 
P < 10-3, based on chi-square statistical tests. Symbols identify 
three different experiments. 
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FIGURE 3. Rel.llive Changes in Muttltion Frequl'nc-y and 
Survival ior Celb of S. typhimur1um T A98 Exposed to Benzo[a)· 
pyrene Plus or Mmus EDS 850°+ F Distillate (040) and l-N1tro· 
pyrene Plus or M1nu~ 040. Relative mutation frequency 1~ 
expressed as the r.ltio of revertant~ TA98/viahle cell plu~ 040 to 
revenants TA98/viable cell minus 040. Sim1larly, relative sur· 
vival1s expres~ed as the ratiO of viable cells TA98 exposed to 
0'10 (plus chemical) to viable cells TA98 expo~ed to chemical 
alone. Benzo[a)ryrene was present in the exposure mf'd1um at 
10 J.l&lml; 1-nitropyrene at 0.2 j.jg/ml and 040 at 5 IJg{ml. All 
assays were camed out in the presence oi Aroclor-mduced rat 
hver microsomes (59) All mutational responses (plus or 
minus 040) were significant at P < 10-3, based on ch1-square 
~t.ltistical tests. Viable count for cells exposed to benzo[a)
pyrene was not ~ignificantly different (P > 0.05) from that of 
solvent controls. 
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FIGURE 4. Dependency oi MUI.lgenesis and Cell Survival o 
Melabolic ActivatiOn. Metabolic activation supplied by 
Aroclor-mduced rat liver microsomes IS9l. P-value tollowed b 
a number indicates the level of S1gn1ticance, ba~td on ch•· 
square tesl. or NS (nOt significant) ii P > 0.05. 
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• Gut~ Related Studies of Radionudide Toxicity 

PrincipallnveHigator: ."-t F. Sullivan 

Other Investigators: R. L B'Jschbom, P. S, Ruemmler, and J. L Ryan 

This project is concerned wi!h the behavior of radioactive matNials that may be ingested as a conse
quence of a reactor dccident, t..navoidable occupational exposure, or after release Ia the environment 
and ircorpuration into the food chain. Curr~nt emphasis is. on evaluating hazards from ingested acti
mdes as a function of animal age, species, nutrition, and di~t, or chemicophy~ical state of the actinide. 
We are also concern~d with the b-ehavior of actinides that are inhaled and pass through the gamo
irtt'Stmal (GI) tract after deiHance from lh<> lungs. 

E.or~ier p;._perimer:ts demc•1strated that t"te 
trc~r;;'";:r factcr, f 1 , for rwpt<Jniur. de
;:reJ5ed as the g<.>vagea d::~se dec'eased. By 
restri~tir.g food consu'llption O>" by sur:;:de
I!ICnting g<lvagea doses o"' n 1Np('i) or 
2"DU(V:) wrtt- oxictlJinq cllerdcals ... e 
!i'D><ed that this decrease was rel'lted lo 
~he rttdJdrg ('ffeo::t of C/'0 intestinill CD·l~ 

ter-:5. Hcw!Over, nore recent stuc!ies have 
shewn that the i :1t>:st 1 1al contents i!nd/o.
o.-:idizing iHd redwc'r9 cher~it:d~5 have sim
ila!' effA<::ts on the f 1 "a-:tors for :t:!!lp!J, 
H'Arr. :CH;)r, t47p;n ard ~''!>(;(',; so~re of 
:J~e~.: "acionu.:1ides h«>t'-' orfly "siny;e 
stab·e oxi:.l(ltiOh st<~te. Both oxidlring 
agents a1\d withh&idinq "ood -,tim,Jlated 
ab~utp'tion; tood in :.l:e g~..>!- <Hid redc~cwg 
il(ler;ts JCD~'CSsed al:lsorpttor. This sug
gested !.f1at t'1e increased nbscr;:;tion lltJst 
be the ~es,;lt ot ;,omettJing other thiHl a 
chanqe ~r the oxida~io1 sUte of ttle e·:e
f'!eflt vav2ged. 

We have ul~o d€'1Nl'l::.trated ttat both oxi
ctizirg 31'd ret:i,ci'lq f0"'"1$ of iron lowe'" 
the t>it;l\ "11testinai abo.crptioll of p,vton~ 
iurn and lead it reonat.H 'Jy "t lEiist a1 
order of r:Jiignitude. Thet'ef:H·e. it ::J;Jl)ears 
t!:1::~t, i1 th? neo.1ale, r;'vwrriu1t ~s pri
mal'i1y absoroeJ by the iron uptake syst.Nil 
anti tho;t iron red-1ces dJsorption by coM
peti'1g with ;:;ll,ton'q"fl and lea<i fer a com~ 
rro:1 catne~ systelfl. Furtt-~rmore. ::he data 
S<Jggest ttut pluton~ull ansorpt;nn by :"Jeo
NI';es is net meJ'ely pa,;".\ve or thl" r't-,ult 
cf the neor111tol irrtestine·s hiyh pernea
bility to large ;nclec~,les, <:Js previously 
tnouqht. 

Results reported eatlier (Arf'uill RE-port, 
19&3) derronstrilteo thAt atsorptic:~ ct t:c:.r 
urar.ium a11d nepli.r1iq1'1 was :ncreased by 
"~'asting (l:>d by t:J(' adMinistration etf Fe~~ 

and dttt.:reas<;>c, ny food consurrptlo11 and by 
~ e2 • Si nee bo':t: n;:ptt.r i wr. a 'ld "Jran it.m 
are :;:,olyv<.>lent ai!U an: absorued in hi:;rer 
a11Ut;nts when adrti:nster'ed in thf' higher 
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oi\\datio:o :.tt!tes, it :se.emetl phusible tl'a~ 
cxir<ation o" tno;,e actinide lft(>7;a1s by feH 
cc::utTed i:> v~;.c. lt tr'so seened reasor
abie :hat-f.ed;:;ction by feH to lowe" ow1-
dat;cr: Hates. ,.rhich are absorbed at lower 
rate$, ;,;as an P.XOlarJ:ion for t?~e eff<>,~ts 

o':lserved. 

fo ce-tenfl:r<e whethrl' the G: content-;. were 
also cesponslt! 1e for "!lterinq plutt~rtillm 
tra'!spor't. group-, :;;f rats w>;t€ tas:i!d 2<~ 

hours before a11c 4 ~::lt:rs dfte"' :c:::.spu ri· 
crate gavaye. Oth;r groups of tats ~>i!te 
fed ad ~~bitu~•. O>" fasted and gr.vaged with 
plut0il1u;;;-supp1eme1ted witn eitr.ef a :.1w 
pe'lsio;l of lroro powder ot a svl.,tion o:" 
fll'r·ric ritta:e. )::lme rats were irjected 
1ntramusc~larly with iron dexttar (fi:>~De-x) 

to satisfy iron requirements fl>r ilenato
poiesls. The resJ1t5 obtaineC w1en the 
aninals were killed, a week aher :;,_.:;,:~pu 

gavage, ME' show" in Tal:~e L T'1e data 
ind'ca~e I~Jt fao;ting 'ncrease:::: abSCP'pt~of1 
ilbout threefold and tt.et abscrptior~ by 
fa5ted rats that received fe~Oex was even 
higher. 

Ire~; ;Jowder, fe", d~tCTeasec tl\e effect of 
filsti!~g ferric- iron {FeP; increasefl 
z:l~pp ilbsorption by fasted rats to lB 
time!< t'J.:! valti<J <Jue tc f1stin<1 alo0e or VI 
50 tim~~ t'w value in fed r;ts. Fe-Clex 
cecreas(>d tne effect of fertic lror1. As~ 

corbi~ ac'd, a reduc:ng agent that a'so 
cPel;;~tes metills such as iror., increa,;ed 
znpd absorption mucl' more t'lan Fe"-' out 
aho ceus;:r1 Qiarri'ea, wtdch contdlllinate::l 
uri:re collectitms. makirg accurate c<.>icu
la:.ions of radioactivity ln toxcre-h 1mpos~ 
sitlie" 

'he effec't ot "'astit"Jg a:~d oxn:izing or 
red\Jcing cioerdca·l s on ZJ 7Np, 2:\:lJ.. and 
1 ·33 ?u 1r adults mfly tJ;: explainec: r;y the 
changiJs in :reir oxidation 5tates that 
makes them mere or less absorbable frol'l 



TABU 1. EifH-1 oi Fa-twg )nd OxidlZ"'); .._., Rrdu< ir-g i\~<erto O<' /\bwrotlo•· :1• C,;v?.)'.rlJ : •df'c( .H' A_rr;, 2-v<c,·. or 2'Jpf: 'ltlrJi·~!" 
ard ''7?m or 1<"-'Cd ( hlor.:::e by li:Jts .<illi'!J 7 Day, AftN l,"-J&e(<J) 

(o<ml 
R<~G,0-

n.vlir;€ fed N fJq<d ' 1-f-De~idl ' r e ";a: r.; 
---~ ~·--~ 

! lllp,, .o ± n 3 4i:t10 " ~ f, ± , l r; ? } '!' '; ' " ;; -;- 12 h 214 ±iF'e>' 

''lA'T1 : ± •>.2 ;} '<24:t 1.4 ., 1 '! :!: () l tJJ ' 
'~•em l 3o:U l ' !iJ4±1)~ l (,(!.±1!4 " '' 1 ± I: G 

'-'"Prr -dll ' i ()"' . ' •• liE "'I~ h 

""'Cd ' t li ) " l " ' 
• --Pb l )ri)S I') '\ !. ' '! 

--·-·--~·-·--~ 

d: o\11 '<11' W f(in:;» ~- \(" ~ "<;·n-,:~• WH>'~rY'W>!i ""'? I,>;I<.':J 

'" '"' l r~lt'>hd' v,''W'l> '"""''' '"' ">''V Atn- .w( •''-' wb1c .1< d->W-"'''_1 r~> bf, ,, -'•" <V ,,,ire c·wvmT.dtic.n L·. 1,-,-,,1 ,,,li:.,Kh ''' ,. 
u~nc '·'·Lfl'> Jt. (H·.c-n: o\,_,,·l:..:d 

Ui!c Gl tr!lct. llJ!Iericiun, llowev!"r, 1$ tri~ 

valor;: "in so:uti::'1 a.:":d -(s corV('tlell h' 
vtrwr states only wit<1 diffiodty. we 
tl'erefore expected tnat adninistro~t:on of 
2 --ll_l\fh in cwmL'ivatior, ..,-;tt-, uxi.-l.a,tion tw 
red~Cl>g agents wo.dd ---.ot il!ter its .:;;b~ 

s::.:rption co,.ff1dert. Table 1 ah;;. shows 
resLlt<> of experimert~ te~t'ng t"e effe:::ts 
o"" f,>sling and t1e ef"'ect of the o.ddillqJ 
ci1P.r'licals, Fe•· ;nd qcdnt._y~rofoe, end the 
re(J\Jcing agerts, fel+, fe 0 a11d asco-bic 
acid. Fasting incrt>ased absorption by an 
order of Tl!lgn,tude, and Fe1• lm:rea:,ed 
absorption ty fa&ted rats ry ar.Jtr;e:· OT'de~'" 
o'f magn;tud"' ke~enUon value:> ar .. -shll-ln 
only for effects of the oJ<~Cizing cheml
cal, ~111nl'.ydrcf>e, and the redL~ing agents 
:.eceuse the Lrino:> col !ections were corta:n
ii1J.ted by f<.•c<~l t'<Hlioactiv'ty dw'ing c:::l
lectioc The retention vah:i"s show ef
fect:. similar ~o those o:Jser~ed -..itr 
~.:>"?u, n>tl :nd 7-J1Np. ftl1s -.~gge&ts <;;!tA\. 

thtdr 1r.t1uenu: or1 act:t'ide ab&orpt'on tL'IY 

Ue by some me:hJ;"Iisrn othi.'r t>nn the ;,l
tered oxicati::or; st&te of tht> acthHlt. 

C<.~rium 1,. 
noi'tal that 

anot.h0r pclyvalt>nt act'nidto 
is ~'tivalent i'1 ~olut.;OI1 t~rd is 

con11erted to otl-ter vs i once!!. only by ::1rcu~ 

ous p .. ocedutett. To <:orro::orate lhe data 
on anericium, which hiiS t~at sa11e prop
erty, we performed a s1rr-ilar <::xreriment 
with cu .. 1um. We e·:so hoped that the r>"
sult'> "flight l'rovide ft.rthtr infor~,atic1 on 
the m~?ct.angms rPsponsHdo f:'Jr the charge~ 
seen in plutonium, u~an~wr-, nept<.Jnivrn, Jnd 
a~ter!ciu:n transport. The re<;ults, shown 
in tanle l for curium, dE>monst"ate tnat 
thf' ef!tc'!: of fasting and oJdd{t-ing or 
reducing chorrica1s on nbsorption is simi
lar to that on the ott>er ,tctirddes studied 
but of lesser magnlt.qd:;. 
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To detern;i'112 ,...t,(·ther t··p E'f1ecr.s D~ fa~t-

1'9 and oxidn.r.;; chemi::ah slso innu
eu:etJ acsorptiun of ei!!·Pf'ill.s t'1Jt J.''e oJ;
VBler: or tr<va'vnt ir s:,iuticn. we ;::er
forlleli a:~ e.>'per'rnent similiir tv Lhf,;.>: P~"
vious y describec. The fi!Sul:s 'n ;T.::
ble 11 Jemonstrat.F. tha.l Listing Jnct Fe·" 
boU1 'Eid a ~ye-dtf:l' ettect ::r 4 7P1~ u.a~ ,_,r 
"'11 1\ll indicatfrog that -;:);e fl''!'l.al nee-d n'-'t 
be ;:>o'yvalent t,) r:e affected. Th0 di!ta .,._ 
-able 1 s:>;:.w that caCrn1~,.m &bsorj)liu• Wf. 

inc~eesed by f.J.stinq a"~ t~:rtner ilct-eJ£>c·o 
:;y a~ninist<:'riq; Fe>" Leao absorptiw
"'as ir,r;re;>sed by fast in;:; b:Jt, l'"' cortSltd/·t 
to til<• e7fect of oxida•1ts on tne atsc'·~,

licr· c'!- oti1er meta:s iP this study, ,;wci•;J 
fi! 3' ::;r quinhydrcre tc thB gav.1;;e solut-:,/--. 
detre:'sed 11 '1Pb ahsarotb" by '.as, ted r;,~, 
to Uw va1J<> obta'neu •or lead alloorp:<v1 
lly ra:.s "&d ~~ ~.l_y-o_ll. 

Supplement-o of fe-"r i::: iro.-, also increa,e:' 
~'17 ~D abscqJtion by ne(nata1 rat~, and ;-·"'-'' 
ctecre01sed it, a" in ad,;H rats (Annual 
Report, 1383). 7 o Cetf'rmine whethe~ thE>~~ 
che'tic31s inf'uenc&U nBr.,_,, 1G"'Cd, :·r 
:iJOp::; absorption ~i'Il'liw1y, gf'011ps of i!· 
Cay-ol:: rat& were 9ava;;;>d witr; ro:htut'P~ uf 
23BpJ a•d fer"ic nitra-::e or r.,,,,.jc sul
fate, "ume rat~ wen• alsc injected ~o~i:t. 

Fe Cex. OthBr g~oups were fjdVdfJed wit!" 
el:.f'er .F>pt; or l!J 9Ca :;nd .0eP Hl"-Cd ot 
ztopo and ~-'e1" ihe r-est.lts, 51own 'n 
Tab~e -~. indicate th<!t bot" fen•ic ar.C 
ftotTOl.> iron decl"east>d 2JspL< retention. 
fnject•ed te-Oex i'lecr-ease::J l'Ctrr~tion •rr a'' 
age grJups but nol tn the same €>'.t<f'nt as 



TA8l[ 2. tlfe(~ or Inn· $)pplf'wer;;; on Re;('won ,,1 :1llru. ld~(d ,-,, ;·Upry !;y "<0fH1JtJI K<h (,;:\\'))ltd ,~:lh Sf:'JI ;yo;'" :f"(' 
lhdnnv~ ""''When -;-'ley \V<!r~c 8 Day, ()::: Kdo wfn? killed ~ w,-d, IA,;r 

' h- 0!:''1. - ~p l• ' fi'H ' "'' , __ ' -----~~-

(i ()'j T ()_[1()4 & n ns ±: mH 1::; () ;):' X (j (:! !i) ' ' \WI ' j -, ±02 /B:tO ' ~I 

l-'1;;;: 0 2 

-,\;lrP" f);>,lrM\ IF,<k\J 1'-'' I<•JtcOed •nLwn,-;ndarh- at !4 kur~ And 1 !•:;;Jr he:•;'' '"'r-u ~,)\J;:p 
:bir,,-"'"' ,mfi ltmr :ron,..,"'"' i}"Jg•"<l "n:~JI!,Jre::J>i> v.-~h '·~rLJ, ~'''Cd or :nip,, 

--·--------~--- ·····-·--

the gavaged st.lction. These re:;ult.s cit
fer from those in adult rats, suggestir9 
that plutoniW'l is abscrt:eJ by ditferer< 
t~echanism;, ir; adult anu rNmi.lt<;; "fitS. 

CBdnium-lUS rt>tent'on in neunatts was 
dO\ibleC ny administering Fe:>•; as ~r adv:t 
rats, the effect on absorption a!sc in~ 

>;;redse:::, nut to a lo:ss0r deg"ee. I:~ con~ 

tra~1:, F,.>• decreas<!d 2I0pb 6\,sorption by 
95X in tt<"" r;eor>at!!. Trle rnag!1lt40B of that 
Go?C!'o?ase was gboLt the same 111 the n<ao
r~ates as in the ad.;lts. T"ese resJlts 
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5L9!;f'St tt>a: both cadmiu'll <lrtl lf'ad "ldY be 
absorbeo :.y stm<';w processet in ,~dull ant 
reona:al rats. 

l~e :::ata on actinidt> Ab:>orfJtion in adults 
aru neonates cannot bf' <?>:f.ddlrJed toy a si'l-
r:;ie IWChanistlc hyoot1esi~. Howev&r, 
these re!;u]b suggest studies ..-ith aiff'£•r
ent r::et.Jis and die:1ry co1diticr.s t'lat 
'aill e;..pldin these mech~rli~lfS ir- ::::::h nRo· 
1ate~ ami adults. Suet; st.Jdlo :nay allow 
auArate preciction of absorption ii' a 
variety of si:t.atiors. 





• Teratology of Complex Mixtures 

Principal Investigator: P. L. Hackett 

Other Investigators: D. D. Mahlum and R. L. Rommereim 

Technical Assistance: J. Rusin 

During the past year, studies were performed to define the dose response, maternal effects and the 
most sensitive embryonic age following acute administration of Harmarville process solvent (HPS). 
Maternal weight gains and thymus weights were depressed when HPS was administered on or after 
9 dg. Fetal survival was reduced only when exposure occurred on 6 dg. Fetal body weights were lower 
than normal when the dams were dosed on 9, 11, 12, or 16 dg, and malformations were most common 
following exposure on 11, 12, 13 or 14 dg. From this study we defined an exposure regimen for deter
minmg the developmental toxicity of SRC materials. Most toxic or teratogenic events resulting from 
exposure to the fractionally distilled material occurred in the fractions that boiled above 750°F. Expo
sure to a hydrotreated fuel oil blend (FOB-H) did not produce the same significantly lower fetal lung 
weights as FOB, but effects on maternal thymus weight were similar for both FOB and FOB-H. In a 
separate, preliminary study of possible mechanisms for the action of SRC material on fetal develop
ment, the effects of HPS exposure were compared with those of a known teratogen, a corticosteroid, 
triamcinolone acetonide (T AC). 

Determination of Sensitive Developmental 
Periods 

We extended previous studies of SRC 
materials to include the effects of acute 
administration of a high dose level of HPS 
on development during the peri
imp lantation period, early embryonic 
stages or the onset of rapid fetal growth. 

Harmarville process solvent, which has a 
boi 1 i ng range of 300 to >850°F, was used 
in these studies. Suspensions of HPS were 
prepared in milk immediately prior to in
tragastric intubation of a constant-volume 
dose. Female rats (Sprague-Oawley, CO, 
Charles River laboratories) were mated and 
randomly assigned to treatment groups to 
receive 1. 85 g of HPS/kg body weight on 6, 
9, 11, 12, 13, 14, or 16 dg. All animals 
were weighed at intervals; at sacrifice 
(20 dg), the gravid uterus, with products 
of conception, was also weighed. The con
tents of the excised uterus were examined 
for number and location of early and late 
resorpti ons and of live and dead fetuses. 
Live fetuses were weighed and examined for 
gross defects , visceral malformat ions and 
altered morphologic development of the 
skeleton. Fetal lungs were examined in 
si tu, then removed and weighed. 

Resul ts of the acute administration of a 
high dose of HPS on specific days of ges
tation are shown in Tables 1 and 2 and 
Figure 1. In HPS-dosed rats, maternal 
body-weight gains during gestation tended 
to be lower than those of control aninals; 
significant weight depressions occurred 
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fo 11 owing exposure to HPS on or after 9 
dg, except in dams dosed on 11 dg. Thymus 
weights of exposed rats were also lower 
than those of controls during this time 
interval. An increase in adrenal weights, 
previously observed following multiple 
daily exposures to a high-boiling coal 
liquid designated heavy di st i 11 ate. was 
evident only when dosing was performed on 
13 or 14 dg. The disparity between ef
fects in the dam (no toxicity) and in the 
fetus (decreased survival) may be due to 
the fact that the long interva l after the 
6-dg dose a 11 owed the dam to recover, 
whereas the fetus sustained irreversible 
damage. 

Lung weights of fetuses exposed to HPS on 
11 dg or later were significantly lower 
than those of control fetuses (Table 2). 
Body weights for these pups wer·e depressed 
in litters exposed on 9, 11, 12 and 16 dg 
Fetal malformations included small lungs, 
cleft palates and diaphragmatic hernias 
(Figure 1). Diaphragmatic hernias oc
curred more frequently following dosing on 
12 dg, and cleft palate incidence was 
higher when dosing was performed on 12 or 
13 dg. Major vessel variations, which in
c 1 uded retroesophagea 1 or absent aortic 
arches, ectopic origin of the left carotid 
artery and missing innominate arteries, 
were observed, on the average , in 19% of 
the fetuses of each litter fo llowing dos
ing on 11 dg. The mean value for these 
variations was 5%/1 i tter in fetuses ex
posed on 9 dg, but no major vessel anoma
li es were detected in fetuses of any other 
treatment group. 



TABLE 1. Measures (Mean± SEJ in Pregnant Rats Following Acute Oral Administration of 1.85 g/kg Body Weight of a 
Harmarvllle Proces~ Solvent (HPSJ on Specific Days of Gestation. 

Day oi 
Gestation. Number or We1ght Gam. Thymus We1ght. Adren,\1 We1ght. Live Fetu~es 

Group dg An1mals 8tal mg mg %flitter 

Control 14 51 ± 4 221 ± 17 77:1:3 96 ± 1 

Treated 6 12 42 ± 4 201 ± 20 75:1: -'1 49 :t 8tbl 

Treated 9 10 H ± 3tbl 126 ± 171bl 79 ± 3 86± 5 

Treated 1l 7 38 ±4 121 ± 1atb1 80 ::t 3 86 ::t 4 

Tree~ ted 12 5 30 ± 41bl 115±42 84 ± 5 67 ± 17 

Treated 13 6 25 ± 71b) 90 ± utb> 110 ±61bl 90 ± 4 

Treated 14 6 15 :t atbl !Ol ± t71bl 102 ± otbl 87 ± 6 

Treated 16 8 30 :t 7(b) 101 ::t 1stb1 93 ±8 87 ± 4 

Ia) htragestat1onal we1ght gain (body weight m1nu~ we1ght oi gra\ 1d uteru>l irom 0 to 20 clg 
tblsignlilc,lntly different tP < 0.051 trom control \ alue 

TABLE 2. Fetal Body and Lung Weights (Mean± SEJ Folfoy,mg 
Acute Exposure ot Pregnant Rats to 1.85 g/kg Body Weight ot 
Harmarville Process Solvent !HPSJ During Devt>lopment. 

Day of 
Gesta!lon. Fetc1l Body Fetal Lung 

Group dg We1ght. g We1ght. mg 

Control 3 58± 0.08 119 ± 4.1 

Treated 6 3.45 ± 0 15 106 ± 4.7 

Tre,ued 9 3.02 ± O.tJia) 104 ± 2.5 

Treated 11 2.98 :to ostal 72 ± 4.7lal 

Treated 12 3.00 ± 0.091al 65 ± 6.6tal 

Tre.lled 13 3.40 ± 009 77 ± 4.9tal 

Trecltl'd 14 3.13±0.13 81 ± 5.21al 

Trf'iltf'd 16 2.98 ± o.oslal 80 ± 3.41al 

(illSigmiKantly d1fierent tP < 0.051 from control values 
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FIGURE 1. Fetal Malformations Following Acute Oral Admini
stration to Pregnant Rats of Harmarville Process Solvent (HPS). 
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Effects of Modified SRC Materials 

Process strategies such as fractional dis
t i 11 at ion and hydrotreatment have been 
developed to eliminate undesirable com
ponents from SRC materials. In current 
studies, we have determined the deve lop
mental toxicity of these modified mate
rials. 

For studies of the effects of exposure to 
the SRC materials modified by fractional 
distillation, boiling-range cuts of HPS 
were sequentially reconstituted by serial 
addition of successively higher-boiling
range material. These mixtures were ad
ministered to rats by intragastric intu
bation on 13 dg at a dose level equivalent 
to 1. 85 g/l<g of crude HPS (Table 1). An
alyses of the relative chemical composi
tion of these boiling-range cuts revealed 
that aliphatic hydrocarbons decreased and 
the more polar, nitrogen-containing poly
cycliC aromatic hydrocarbons increased in 
the higher boiling ranges; the content of 
polycyclic aromatic hydrocarbons remained 
relatively constant. 

Maternal weight gains tended to be lower 
in a 11 anima 1 s dosed with the reconst i
tuted boiling-range cuts of HPS and were 
signi f'cantly lower in the rats that re
ceived the lowest-boiling-range material 
(Table 3). Mortality was observed only in 
the group that received the cut boiling at 
300 to 800°F. Thymus weights were lower 
than those of controls following exposure 
to the higher-boi 1 i ng- range cuts (800°F 
and above), but adrenal weights were 



higher only for ani~als dosed with crude 
HPS. Intrauterine 110rtality tended to be 
higher when d~s were exposed to cuts with 
boiling-range 111axima above 800° (Table 4). 
Fetal body weights (Figure 2) were lowest 
in litters exposed to the ~aterial boiling 
at 300 to 800° and 300 to 850°; 1 ung 
weights in these fetuses progressively 
declined as the boiling range of the dos
ing 11aterial increased. Increased inci
dences of s~nall lungs and cleft palates 
were observed in 1 i tters dosed with HPS 
cuts boiling above 750° and 850°, respec
tively. 

Most toxic or teratogenic events occurred 
following exposure to materials boiling 
above 750°, 110s t co1111110n ly at 800° or 
higher. Certain toxic signs, such as ma
terna 1 morta 1 i ty and depressed ~naterna 1 
and fetal weights, were apparently elic
ited by materia 1 s in a narrow boiling 
range. We speculate that these effects 
may have been induced by the sequential 
addition of certain classes of chemicals 
contained in the 11ixtures. On the other 
hand, certain effects (e.g .• lower fetal 
body weights) were 11itigated by the addi
tion of high-boiling complex mixtures. 

TABLE 3. Maternal Measures (Mean± SE) Following Exposure to RecomlitutE'd Boiling Range Cuts of Harmarville Process 
Solvent (HPS). 

Number or Mort,lllly W~1)\ht G,tin. Thymu' We1ght. Adrt'nal We1ght. 
Trt>.ltment Animab "4 g<bl m8 mf! 

Vl'hltlt> 12 () 41 ± 5(<;) 184 ± 16(ll 73 ± 4(c) 

HPS Cut 

300-700
1
·'' 7 (I IY ± 3ldl I 11 ± 161c d l'l 84 ± 7lc.d1 

300·750 8 0 J6 ± 4''' 131 ± 1 llc.dl 74 ± 4lcl 

100-800 11 36 37 ± 71c.d) 160 ± 25<c.dl 76 ± 4''' 
JIJ0-8SO IU 0 17 :t 41<1 98 ± 1ord.l'J 69 ± z!cl 

300 >8'i0 8 0 .?3 ± jlt.dl 64± qft') 7b ± 5lcJ 

Crude HPS 

100>850 6 n .!5 ± &'( dl Q() :t 121d.l'l I 10 :t 61dl 

l.t) Bo1l1ng r.tngl' 1 "FJ 
tbl ht~olge<tahon,ll wei~:ht rhtxfy \~t·1ght m1nu' wt·•.:ht •JI W•" 1d ua•ru'l J.:.llll trom 0 .!0 d~o: 
ft-f'ly,,lut') that do not share .1 wmmon 'UI)('r'oCnpt lt'ttt•r .Ul' )lgnJtic.1ntl)· dlllt'rt>nt tP < 0 031. 

TABLE 4. Fetal Measurt» (Mean± SE) Following Exposure to Reconstituted Boiling Range Cuts of Harmarville Process 
Solvent (HPS). 

Treiltment 

Veh1cle 

H~Cut 

loo .7oolal 

100-750 

llXl-800 

300-850 

100->850 

Crude HPS 

}()() >850 

{a) Bo1ilng range 1°FI 
(bl Pcrcl'ntllitter 

lntr.autenne 
Mortal ty. •o 

1 f> :t 1.6 

5.5 ± 1.9 

0 
3.2 :t 3.2 

13.9 :t 84 

14.5± 10.8 

l.U± 79 

lncid~nce!bl 

Small lungs Clt-rt P,ll,ltl' 

t.7± 0 4''' 0tct 

3.5:!: ~.stc. dl o<cl 

81± 4 91C.dl ole) 

38.1 :t 11 4ld.el I I ±I 1te1 

41.3 ± 7_81e1 7 3 ± .a otc.dl 

34.7 :t 17.zCd.et 11.1 ± 4 :;(dl 

b5.3 ± 17.olel 48 . .! ± b .Sit'l 

Cc-eJ Values thc1t du not share .t tornrnon super~cript letter are ~ignlltcantly dlfll'rle'nl tP < 0.05) 
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01aphragmatic 
Hernia 

0 

0 

0 

1.3% 1.3 

1.4 ± 1.4 

0 

b 3 ± b.3 
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FIGURE 2. Fetal Body and Lung Weights Following Exposure to Reconstituted Boiling·Range Cuts oi Harmarville PrO<.e 'SoiH•nt 
(HPS). 

To ascertain whether the biological ef
fect s of SRC materials coul d be modified 
by hydrotreatment, FOB or FOB-H was admin
istered to rats on 13 dg at a dose leve l 
of 1.85 g/kg. The FOB (2.9 parts of mate
rial boiling at 350 to 550° to 1 part 
boiling at 550 to 850°) contained two- and 
three-ring aromati c and heteroatomic spe
ci es, and phenolic and polynuclear aro
mati c components. The FOB-H contained a 
lower-molecular-we ight hydroaromatic spe
c ies and lower concentrati ons of the het-

eratom i:: species a nd nitrogen-containing 
compounds than the FOB. 

Exposure to rOB induced effects that were 
qual itatively similar (Table 5) to those 
observed fo 11 owing e xposure t o the same 
dose level of crude HPS (Tables 3 a nd 4). 
The less severe repression of materna l 
thymus ~eights and fetal lung we ights by 
FOB may be attributable to the fac t that 
it contains material s with lower boi ling 
points than does HPS. Exposur e to FOB-H 

TABLE 5. Maternc1l and Ft>t<ll Efiects oi Exl)<hure to Fuel Oil Blend !FOBI or I ~drotrt>ated fuel 0•1 Blt-nd !FOB HI 

r eatment 

O~rvations Vehicle FOB FOB H 

Mo:~ternal 

Weight Gain. g 51 ± 3.7 -lO ± 3.0 33 5.7 

Thymus Weight. mg 221 ± 17CaJ 139 ± 181b1 141 :r: 12(b) 

Fetal 

Survival. "to/litter 90 ± 0.9 94 ± 1.5 89 ± 5.1 

Body We1ghl. g 3.58 ± 008 3.25 ± 0.07 3.20 ± 0.08 

Lung Weight mg 119 ± 4(al 1.)0 ± s<bl 104 ± 3!a.bl 

Smclll Lung~. "4/litter 1.6 ± 1.6 19 ± 8.4 1.0 ~ 1.0 

la.bJvcl lue~ that do not share a tommon superscnpt letter Mt> ~•gniticantly different !P < 0.05). 
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did not produce significantly lower fetal 
l ung weights, but ~aternal thynus weights 
were low in ani~als exposed to either FOB 
and FOB-H. 

Comparison of Effects of HPS with a Known 
Teratogen 

Reports in the literature (Rowland and 
Hendrickx, Teratology 27: 13, 1983) have 
indicated that depressed materna 1 thymus 
weights and increased incidences of cleft 
palate were induced by the administration 
of corticosteroids to pregnant rats. 
These results are consistent with our ob
servations of the effects of HPS expo
sures, with the exception of the HPS
induced fetal morphologic lesion, small 
lungs. In a separate study, we adminis
tered a corticosteroid (0. 25 mg TAC/kg, 
intramuscularly) or 0.74 g HPS/kg (intra
gastrically) during the same period of de
velopment (12-14 dg) to obtain a direct, 
qualitative comparison of their action. 

Resul ts are shown in Table 6: Extragesta
tional weight gains were severely de
pressed in rats that received TAC, and 
thymus weights were low in both HPS- and 
lAC-treated animals. Maternal adrenal 
weights tended to be lower than those of 
controls only in the TAC group, but the 
difference was not significant. This 

trend in the TAC aninals is in contrast to 
the high adrenal weights observed follow
ing exposure to high doses of HPS on 13 or 
14 dg. 

Fetal body weights, which were signifi
cantly lower than those of controls fol
lowing treatment with HPS, were even lower 
in the TAC-treated rats, and lung weights 
were lower than contro 1 va 1 ues in both 
treatment groups. Incidences of small 
lungs and cleft palate were similar for 
both agents. No diaphragmatic hernias 
were observed in fetuses exposed to HPS, 
but 36% of the TAC fetuses exhibited this 
lesion. Previous studies using this dos
ing regi~en for HPS showed a very low in
cidence of diaphragmatic hernia. 

Although TAC and HPS may initiate toxic 
and teratogenic events along entirely sep
arate metabolic or physiologic pathways, 
the materna 1 and fetal observations at 
necropsy are very similar. The suggestion 
that TAC may induce both localized and 
genera 1 i zed growth retardation, as evi
denced by the hi gh incidence of cl eft pal
ate and the lower fetal body weights , ~ay 
also be appropriate for HPS. Since both 
agents produced overt signs of materna 1 
toxicity, we speculate that they may exert 
an indirect, rather than a direct, effect 
on fetal development. 

TABLE 6. Companson of Effects (Mean ± SE) in Pregnant Rat; Dosed with Harmerville Proces~ Solvent IHPS) or Triamcinolone 
Acetonide (T AC) from 12 Through 14 Days of Gestation. 

Treatment 

HPS TAC 
0.74 g/kg 0. 25 mglkg 

Observations Control Body Weight Body Wei~ht 

Maternal Mea~ure~ 

Body Weight Gdin. g 49 ± ll(aJ 38 ± 81a.bl 6 ± 6(b) 

Thymu~ We1ght. mg 226 ± Jolal 77 ± 1Qib) 53 ± JQ(bl 

Adrenal We•ght, mg 78 ± 7 80 ± 5 56 ± 5 

Fetal Measures 

Survival. % 88 ± 6 80 :t 8 8 1 :t 6 

Body Weight, g J 79 ± 0 l(al 310± 0.1lbl 2.32 ± 0.21c1 

Lung We•ght. mg 128 ± s la) 67 ± 11(b) 59 :t 71bl 

Incidence oi 
Small Lungs 0 65 ± 17 56 ±14 

Cleft Palate 0 16 ± 12 48 ±13 

Diaphragmatic Hernia 0 0 3b ±14 

(a,b,clvalues that do not share a common superscript letter are signiiicantly different IP :s 0.051. 
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• Perinatal Effects of Complex Mixtures 

Principal Investigator: D. L. Springer 

Other Investigators: R. L. Buschbom, P. l. Hackett, and D. D. Mahlum 

Technical Assistance: D. G. Jones, D. C. Snyder, and R. C. Zangar 

This report describes results of a study to determine whether exposure to high-boiling coal liquids 
results in adverse effects on female reproductive performance. For this study, female rats were 
exposed by whole-body inhalation to SRC-11 heavy distillate (HD) for 6 weeks. These animals were 
repeatedly bred after exposure and evaluated for their ability to become pregnant. Evaluation was also 
made for dam growth during gestation, litter size, offspring survival and growth, and grossly observ
able malformations. Preliminary interpretation of these data indicates that reproductive capability and 
offspring parameters measured were not significantly altered by exposure. 

During the past year, we conducted a study 
to determine the effect of SRC-II HO on 
female reproductive capab ility. Thera
tionale for conducting this study was 
based on prev iously obtai ned data that 
showed a substantial reduction in ovary 
wei ghts for animals exposed for 13 weeks 
to HD. Futhermore, single doses of poly
aromatic hydrocarbons such as benzo[a]py
rene, which is present in HO, are known to 
result in smaller than normal numbers of 
primordial oocytes in rodent ovaries. 
These observations suggested that the 
high-boiling coal liquids could reduce the 
reproductive capabilities of rats and that 
occupationally exposed workers might be at 
risk. 

For tnis study, 10-week-old, female, CD 
rats (Charles River) were exposed by 
whole-body inhalation to an aerosol of HO 
at concentrations of 0.68 ± 0.03 (high), 
0. 19 1: 0. 003 (middle), 0. 049 ± 0. 0008 
(low) and 0.0 (control) mg/l of air for 6 
hours /day, 5 days/week for 6 weeks. Par
ticle sizes ranged from 1.7 to 1.8 ~m mass 
median aerodynamic diameter, with geo
metric standard deviations of 2.0 to 2.2 . 
Prior to exposure, animals were randomly 
assigned by weight to one of the treatment 
groups, each of which had 96 animals. 
Immediately after exposure, males were 
placed with females (one male per female), 
and copulation was detected the next morn
ing by the presence of sperm in vagina 1 
lavage fluid. The day on which sperm were 
detected was designated 0 day of gestation 
(dg). Dams were repeatedly placed with 
males for 12 consecutive days (approxi
mately three estrous cycles), or until 
sperm were detected. Dams were weighed at 
0, 9, 15 and 20 dg. 

Eighteen to 20 dams from each treatment 
group were sacrificed at 20 dg, and data 
were co 11 ected for resorpt ions, corpora 
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lutea and mean litter size. Fetuses were 
examined for gross abnormalities, and pup 
weight was recorded. The other pregnant 
ani mal; (approximate ly 28 dams) were al
lowed to deliver, and their pups were also 
examined. Body weights were obtained at 
1, 3, 7 and 21 days of age. After weani ng 
the pups at 21 days after birth, female~ 
were again bred, and information on breed
ing perfo,·mance and offspring survival, 
growth and gross fetal abnormalities was 
recorded. This procedure was repeated 
through three complete breeding cycles . 

Body-weight data before, during and after 
exposure to HD are shown in Figure l. 
They indicate that high-dose animals grew 
more slowly than controls during the las t 
2 weeks of exposure, and that body weight 
rapidly increased to control levels after 
the end of exposure. Three anima 1 s from 
the hi!Jh- dose group died during exposure, 
during wee~s 3, 5, and 6, respectively. 

Table 1 shows data for pregnant dams ex
posed to HD and sacrificed at 20 dg. 
These data indicate that the numbe r of 
pregnant dams, the number of corpora 
lutea, the number of implantation sites, 
the number of resorpt ions, and the mean 
litter size were not altered by exposure 
The apparent increase in the number of 
resorptions for the middle exposure group 
was due to one dam, whose litter (11 im
plants) was totally resorbed. Since this 
effect was not observed for animals in the 
high-dose group, it is probably noL attri
butable to exposure. Weight data indicate 
that total weight gain during gestation 
for high-dose animals was significantly 
lower than for controls; however, grav id 
uterus wei ght , extragestational weight 
gain and fetal we ights were not altered by 
HO exposure (Table 2). No major malforma
tions were observed from gross examination 
of offspring. 
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FIGURE 1. Body Weights for Female Rats Before. During and After Exposure to Heavy Distillate (Significantly Different from Control 
Group, P < 0.05). 

TABLE 1. Breeding Data for Pregnant Rats Exposed to Heavy Distillate clOd Sacrificed at 20 Days of Gestation. 

Control Low M1ddle High 

No. Dams ell Stc~rt 20 20 20 20 

No. Dams Sperm.Po~itive 19 18 20 20 

No D;~m~ that Delivered 19 19 20 20 

No. Corpora lutea (x-% SEMI 16 4% 0.30 16.9 :t 0.68 16.7 :t 0.40 17.2 :t 1.4 

No. Implantations (x :t SEMI 15.8 :t 0. 38 14.1±087 15.6 :t: 0 .44 14.2 ± 1.0 

No. Re~orpuons (Total) 14 15 25 14 

No. L1ve Pups ('\ :t: SEMI 15.1 ± 0.49 13.3 ± 1.0 14.3 ± 0.70 13.4 ± 1 0 

TABLE 2. Weight Data at 20 Days of G~tallon for Pregnant Rats and Fetu~e~ Exposed to Heavy Distillate (x ±SEMI. 

Gestat1onc~l Weight Gain (g) 

Gravid Uterus Weight (g) 

ExtragestaiiOnal We1ght Gam (g) 

Fetal Weight (g) 

(alp< 0.05 

Control 

155 ± 4.3 

80.7 ± 2.3 

74 0 ± 3.0 

3.38:!: 0.06 

Low 

145 ± 8 3 

71 7 ± 5.3 

73.4 ± 5.6 

3 47 ± 0.15 
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Middle High 

149 ± 4.1 134 ± 7.s!al 

800 ± 3.2 72.4 ± 5.5 

69.0 ± 2.9 65.2 ± 2.6 

3 47 ± 0.07 3.43 ± 0.09 



Evaluation of the reproductive performance 
data for dams from the first breeding in
dicated that the number of animals that 
copulated and the time to copulation were 
not significantly al t ered by HO exposure. 
Since the length of the estrous cycle for 
rats is 4 to 5 days, and since animals 
grouped together have a tendency to cycle 
together, we calculated the total number 
of dams that were sperm-positive after 5 

1st Breeding 

80 

60 

40 

20 

0 

100 ., 
~ 2nd Breeding 

and 10 days, respectively, of cohabitat ion 
with the males. When the data were eval
uated in this manner, 95% of the control 
and high-dose animals and about 80% of the 
low- and middle-dose animals had copu
lated. By 10 days, 95% of the animah 
from the centro 1 , middle- and hi gh-dose 
groups and 92% of the 1 ow-dose ani rna l s 
were sperm-positive (rigure 2). 
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FIGURE 2. Time to Copulation ior Three Consecut"·e Breedings of Rab E~posed to Heavy Do)tillate. 
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For exposed da~s, there were no signifi
cant differences, relative to controls, in 
the number that delivered, gestational 
body-weight gain, litter size, or number 

of pups that died between birth and 21 
days of age (Table 3). No mal for111at ions 
of offspring were observed. 

TABLE 3. Reproduction Performance Data for Three Consecutive Breeding~ of Rah Exposed to Heavy Dastillate. 

Breeding No. 1 Control 

No. Dams at Start 28 

No. Dams Sperm·Posative 27 
No. Dams that Delivered 23 

Gestational Weaght Gain (g; x ± SEMI 146 ± 6.4 

Litter Size ~ ± SEMI 13.5 ± 0.54 

No. Pups Dec~d or Missing/No. of Litters 9/8 

Breeding No. 2 

No. Dams at !>tart n 
No. Dams Sperm-Positive 21 

No. Dams that Delivered 21 

Gestational WE.'ight Gam (g; x ± SEMI 159 ± 6.3 

Litter Saze IX ± SEMI 15.9 ± 067 

No. Pups Dead or Massang!No. of L•tters 818 

Breeding No. 3 

No. Dam~ at Start 21 

No. Dam~ Sperm-Positive I '.I 

No. Dams that Del1vered 17 

Gestational We1ght Gain (g; x ± SEMI 136 ± 5.7 

Litter Size (x ± SEMI 132±1.1 

No. Pups Dedd or Missing/No oi Litter~ 10/8 

After the second breeding, between 82 and 
91% of the animals copulated. Animals 
from the middle-dose group tended to take 
longer than the other groups to copulate; 
however, there were no other significant 
differences between treatment and control 
groups. 

Data for ani11als froo the third breeding 
group indicated that 90, 100, 100 and 94% 
of the control, low-, middle- and high
dose groups, respectively, had copulated 
by 12 days of cohabitation with the males. 
The cohabitation period before copulation 
tended to be longer for the low-dose group 
than for the other groups. Other measures 
indicated that reproductive performance 
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Low Middle High 

28 27 27 

26 26 26 

24 26 24 
146 ± 5.8 140 ± 4.0 149 ± 5.2 

13.8 ± 0.55 13.5 ± 0.60 13 0 ± 0 .61 

S/5 7/6 10/6 

24 25 24 

21 22 21 

22 23 17 

149 ± 60 146 ±45 143 ;t 7 6 

14.'.1 ± 0.72 14.6 ± 0 .55 15.7 :t 0.63 

8/8 1718 6/6 

22 22 17 

22 22 16 

18 21 16 

144 ± 3.2 137 ± 4.2 147 ± 3 .9 

15.9 :t 0.41 13.4 ± 0 84 16.1 :!: 0.55 

4/4 27/9 9/6 

and offspring survival and growth were not 
influenced by exposure (Table 4). 

This study was partially funded by the 
project "Biostudies of Complex Mixtures." 

TABLE 4. Weights of Offspring Delivered After the First 
Breeding of Rats Previously Exposed to Heavy Distillate. 

Age, days Control Low Middle High 

6.8 ± 0 .1 7.0 ± 0.1 6.8 ±0.1 6.8:!: 0.1 

3 8.4:!: 0.2 8.8 ± 0.2 8.5 ±0.2 8.4 ± 0.2 

7 15.9±0.3 16.6 ± 0.3 15.8:!: 0.3 15.1:!: 0.3 

21 52.1±1.1 57.3:!: 0.9 51.9± 1.2 51.0:!: 1.0 





• Health Effects of Complex M ixtures 

Principal Investigator: R. A. Renne 

Other Investigators: R. l. Buschbom and M. E. Frazier 

Technical Assistance: S.M. Baze, P. T. Hackett, V. l. Madden, and C. White 

The purpose of this project is to study the potential human health hazards associated with exposure to 
complex hydrocarbon mixtures. Studies in progress are investigating the carcinogenic potential of 
cutaneous exposure to various chemical class fractions of materials and products from the solvent 
refined coal technology. An in vitro assay system using cultured mouse skin is being developed in an 
attempt to correlate primary DNA damage induced by complex hydrocarbon mixtures in vitro to car
cinogenic effects observed in vivo. 

Epidermal carcinogensis studies were com
pleted on distillates of Harmarville pro
cess solvent (HPS) fro~ the solvent re
fined coal (SRC) Process Oemonstntion 
Unit at Harntarville, PA (Annual Report, 
1983). Recently completed studies of a 
nitrosated sample of the 750-800°F dis
tillate indicate that destruction of pri
mary aromatic amines (PAA) by nitrosation 
does not decrease the carcinogenicity of 
this sample (Figure 1). This may be ex
plained by the potency of polycyclic aro
matic hydrocarbon (PAH) carcinogens, which 
mask any decrease in carcinogenicity due 
to loss of PAA. An alternative explana
tion is that PAA are not as potent carcin
ogens as the higher-molecular-weight car
bazoles and azaarenes, both of which are 
present in high-boiling coal liquids. 

Studies are in progress on neutral PAH and 
nitrogen-containing polycyclic aromatic 
compound (NPAC) fractions of the 750-800°F 
distillate; these fractions were obtained 
by adsorption-column chromatography, using 
neutral alumina as an adsorbent. Skin
tumor inc idence and latency data, based on 
gross observations of these mice ( Fig
ure 1), indicate that both the PAH and 
NPAC fractions possess signi ficant carcin
ogenicity for mouse skin. The carcinogen
icity of the NPAC fraction appears to be 
independent of the presence of significant 
amounts of PAH. However, the response to 
these NPAC may be mas ked by a concurrent 
response to PAH when both groups of com
pounds are present in a complex hydrocar
bon mixture. Planned future studies wi 11 
examine the roles of various components 
(PAA, carbazoles, and azaarenes) in the 
carcinogencity of the NPAC fraction. 

An in vitro assay sys tem using cultured 
mouse epidermis is being developed in an 
attempt to correlate primary DNA damage 
induced by complex hydrocarbon mixtures in 
vitro to carcinogenic effects observed in 
mouse skin in vivo . Epidermal tumors from 
mice chronically exposed to coal liquids 
are being cultured to develop continuous 
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FIGURE 1. Skin Tumor Respon~ tn M ICl ' Expo~ R~pt>atedly 
to the 750-800°F Disti lla te of HPS. to a N1trnsatt>d Sc~mple of 
that Distillate. or to Selected Chem1cai-Cia~~ Fractions of that 
Dl<;tillatt•. 

cell lines. The five candidate cell lines 
currently growing will be used to deter
mine whether mouse epidermal cells are 
more sensitive than Chinese hamster ovary 
(CHO) cells in detecting the frequency of 
sister chromatid exchange (SCE) resulting 
from exposure to coal liquids. 

In the first phase of this work, SCc fre· 
quencies of CHO cells exposed to coal liq
uids were examined. The background rates 
in the CHO cells were between 10 and 15 



SCE per spread (between 0.5 and 0.7 SCE/ 
chro~softe). The exposure of cells to 30 
~g/ml of either HPS or SRC-11 heavy dis
tillate i n the presence of activated rat 
liver honogenates and an NAOP generating 
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system resulted in statistically s igni f
cant increases in SCE frequencies. No , .. -
creases in SCE frequencies were observed 
in Ue absence of exogenous activating 
enzymt!~. 



• Tissue Dose in Fossil Fuel Exposure 

Principal Investigator: R. E. Schirmer 

Other Investigators: L. J. Felice, D. D. Mahlum, D. L. Springer, W. C. Weimer, and R. B. Westerberg 

Technical Assistance: j . A. Cushing, B. K. Hayden, D. L. Lundstrom, and C. Veverka 

In studies designed to develop a method of analyzing absorption and disposition of aromatic amine 
components of complex mixtures in mammals, the 6-AC levels in the skin from skin-painted mice and 
rats were measured using high-performance liquid chromatography (HPLC) with an electrochemical 
detector. The 6-aminochrysene (6-AC) was cleared from mouse skin more rapidly than from rat skin. In 
the mouse, the clearance rate was similar to that measured previously for benzo[a]pyrene (BaP). Con
tinuing studies on BaP have shown that the presence of coal liquids reduces the rate of metabolism in 
vitro. For the two boiling-point (bp) cuts tested, the reductions in rate of BaP metabolism correspond
ed to the reduction in tumor initiation in vivo. 

Further work has been done on the analyti
cal procedure for analyses of 6-AC and 
other polynucl ear aromati c amines (PAA) in 
tissue samples, using HP LC with electro
chemi cal detection. The objecti ve is to 
develop a simple method of analysis that 
can be used for studies of the absorption 
and dispos ition of these compounds in mam
ma l s. Chromatographic separati on of the 
PAA was accomplished using a C-8 or a C- 18 
reverse-phase column with an acetonitrile/ 
0.1 M ci trate buffer mobile phase. Th i s 
system allows the separation to be con
trolled by adjusting the percentage of 
acetoni trile and the pH of the c i trate 
buffer . Amines eluting from the column 
were detected using a Bioana lyti ca l Sys
tems LC-4A electrochemical detector with a 
glassy-carbon, thin-layer electrode refer
enced to an Ag/AgC l electrode. Voltam
me t ric detecti on allows the PAA to be de
tected without interference from N
heterocyclic compounds (Table 1) or poly
nuc I ear aro11at i c hydrocarbons present in 
coal 1 iquids. Additi onal selectivity can 
be achieved by adjusting the working elec
t rode potential, since compounds oxidizing 
at potential s above that of the working 
electrode are not detected. The large 
differences in oxidation potentials among 
severa l PAA typical of coal liquids are 
shown i n the hydrodynamic voltammogra~s in 
Figure 1. Quantities as small as 1 pi co
mole of PAA are easily determined using 
this procedure , and a minimLIIR detection 
limit on the or der of 0.1 picomole may be 
achievable for the more easily oxidi zed 
amines. 

This method was used to evaluate the pro
cedure for extracting PAA froo rat and 
mouse skin in skin-pai nting experiments 
and to determine the rate of absorption of 
6-AC painted on the skin of rats (Sprague
Dawley CD, Charles River) and mice (CD-1, 
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TABLE 1. Electroch~·mical Oeti:'CIOr Re~pon~f' to Aromi!t l( 
j'l,itrogen Comround~ 

t-.anomoll"- P<'ai.. Ari:'J 
Compound Injected Nolnomole 

X 

Qumolont' j 11 NOibl 

4-Azatluor~·nt• J.U, 'L 
Benzo[c]nnnolinl:' L!i t-.0 

5,6·BE'nzoquonolont• 1. 18 t-.0 

C,trhazole 0.39.! 0.074~ 

4·Amonobophenyl 0.0·07 ·Ul 

l·Amonondphthalene 0.0')')2 h 20 

J.Amono<tnthracene 0.082~ ·l (11 

b·Amonochr~en~c> 0.168 3 28 

I<IIHpt( (ondttwn~. C·lll column "''h 1 mllmtn 45% 
acetonotrile/55"/o l M 'tlrJII:' Jnd gla~~Y-< arbon 
eiE'< trode at + 0.9 V vt'r~us an A~IAgCI reierence 
el~c>ctrode 

iblNO ~ None 01'tetted 

tO'' 

Charles River). For recovery studies, 
animals were shaved, killed with carbon 
dioxide, and the skin was harvested and 
placed on ice immediately following death. 
Two-em pieces of mouse skin and 4-cm 
pieces of rat skin were then spiked with 
ei ther 1. 0 J.IQ or 10 IJg of an aromatic 
amine appli ed in an acetone solution (40 
IJQ/ml). The PAA were recovered by ex
tracting the skin with acetonitrile, and 
extracts were analyzed without further 
treat~ent. Complete recovery was achieved 
for all four PAA tested. 

The percutaneous absorption of 6-AC in 
vivo in rats was studied following appli 
cation of 40 nmoles of 6-AC in 25 !Jl of 
acetone to the shaved backs of eight ani-



mals. Pairs of rats were killed at 0, 1, 
4 and 24 hours, and the skin at the site 
of app 1 i cation was removed and analyzed 
using the HPLC procedure. The percutane
ous absorption of 6-AC in mice was studied 
using the same protocol, except that the 
dose was 37 nmoles/animal, and mice were 
also killed at 0.25 and 0.50 hours to bet
ter define the early part of the clearance 
curve. Results (Figure 2) show that 6-AC 
was removed from mouse skin much more rap
idly than from rat skin: 16% remained at 
the site of application at 4 hours in the 
mouse, compared with 56% in the rat. 

The clearance rate of 6-AC observed in the 
mice in this study was similar to that of 
BaP under similar conditions. In the case 
of BaP, there is evidence that metabolism 
makes a significant contribution to clear
ance from the skin; it remains to be de
termined whether metabolism is also impor
tant in 6-AC clearance. 

Earlier work in our laboratory has shown 
that BaP is cleared from the skin of mice 
more rapidly when it is applied in a mix
ture with solvent refined coal (SRC) heavy 
distillate ( HO). It has also been shown 
that initiation of skin tumors in mice by 
BaP is suppressed when the BaP is applied 
in combination with a complex coal liquid. 
Since both clearance and tumor initiation 
are affected by metabolism, an in vitro 
experiment was conducted to determine the 
effect of a complex matrix on the metabo
lism of BaP. Rat liver S9 from Aroclor
treated rats was used to oxidize tritiated 
BaP (4 nmoles, 1.8 ~Ci) either alone, in 
the presence of 11 or 110 ~g of an 800-
8500F bp cut from SRC- I I HD, or in the 
presence of 13 or 130 ~g of a >850°F bp 
cut from HO. The components of the 59 
activation system were mixed and allowed 
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to equilibrate at 37°C for 2 minutes; the 
reaction was then initiated by the addi
tion of the BaP or BaP/coal liquid mix
ture. The reaction was terminated by the 
addition of 0.5 N sodium hydroxide in 80% 
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FIGURE 2. Companson of Cle.Jrance Rates for 6-Ammochry,ene Pamted on ~kms of Rats and Mice. 
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ethano 1. The extent of met abo 1 ism was 
estimated by extracting unreacted BaP from 
each mixture with hexane, centrifuging to 
precipitate solids, measuring the radio
activity remaining in the aqueous layer , 
then calculating the fraction of initial 
radioactivity recovered in the aqueous 
phase. The results are shown in Figure 3. 
Both bp cuts reduced the rate of metabo
lism of BaP, but the 800-850°F cut caused 
a greater reduction per microgram added 
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than the >850°F. Thus, the rank order of 
metabolic rates in this system corresponds 
with tumorigenic activity in vivo, with a 
higher rate of metabolism corresponding to 
greater tumorigenicity . Assuming that the 
suppression of metabolism observed in 
vitro also occurs in vivo, both the de
creased metabolism and the enhanced clear
ance of SaP would contribute to the de
crease in tumorigenicity observed in the 
presence of complex oils in mice. 
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FIGURE 3. In Vitro metabolism of Benzo(a]pyrene (BaPl: Percent BaP Metabolized Versus Time. 
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• Aerosol Technology Development 

Principal Investigator: W. C. Cannon 

Other Investigators: E. F. Blanton, M. L Clark, and 0. R. Moss 

This project develops apparatus and techniques to improve the quality of animal aerosol exposures for 
inhalation toxicology studies of airborne pollutants. In this report, we discuss work involving real-time 
instrumentation for use in exposure control. 

Microbalance 

The deposition of inhaled particles in the 
lung depends on the aerodynamic di ar~eter 
of the particles. Real-time measurement 
of the concentration of exposure aerosols 
in several particle-size ranges would im
prove our ability to deliver a prescribed 
initial lung burden (ILB) in nose-only 
exposures. A specially instrumented cas
cade impactor tha t can make such measure
ments shou l d help to predict the amount of 
aerosol deposited during exposure so that 
we can end the exposure in time to attain 
the target ILB. In these cascade i mpac
tors, each impaction pl ate is the sensing 
crystal of a QCH. The natural frequency 
of the QCM sensing crysta l decreases as 
mass is attached to the crysta l. The 
change of frequency is directly propor
tional to the added mass up to some satur
ation value, above which the sensitivity 
progressively decreases. The QCH are re
ported to be able to detect about 10 ng of 
mass; 10 ng of pure 2 3 9 Pu02 contain about 
0.54 nCi of activity, which is near the 
limit of detection with our radioactive 
counting methods for this material. 

In operation, both sides of the QCH sens
ing crystals are coated with a viscous 
grease to help attach the aerosol parti
cles to the plate (a standard practice in 
cascade impactor sa11pling). The partic l es 
are first collected on one side of the 
crystal; then, before the saturation mass 
is exceeded, the crystals are rotated, and 
collec tion continues on the opposite side. 
The instrument can be operated either in a 
continuous mode, with periodic 11easurement 
of the crystal frequencies, or in a mode 
where grab samples are taken and the fre
quency change of each crystal for each 
sample is measured. The second mode would 
be used for higher aerosol concentrations 
to avoid saturating the sensing crystal 
too soon. 

In the course of evaluating the QCM cas
cade impactor as an exposure aerosol moni
tor, we made some interesting observa
tions. In our experiments we used both 
sodium chloride and ammonium fluorescein 
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aerosols, which we monitored with a real
time aerosol monitor (RAM-1, a product of 
GCA Envi ron11enta 1 Instruments). We ob
served the frequency changes of a series 
of grab samples; then, after a short pause 
to rotate the sensing crystals, we contin
ued the measurements using the opposite 
side of the sensing crystals. Figure 1 is 
a pl ot of frequency change per second of 
sample time aga inst the cumulative sample 
time for Stage 6 with sodium chlori de aer
osol; Figure 2 shows the same kind of plot 
for ammonium fluorescein . Figure 3 is a 
plot of the RAM-1 readings against sample 
t i me during both experiments; it shows 
that the aeroso l concentrations were sta
ble. All samples were of approximately 10 
sec duration. Assuming the aerosols were 
stable, the frequency changes per second 
of sample should have been constant, at 
least for several samples. Instead, they 
decreased with cumulative sample t ime un
til the crystals were rotated, then the 
relative sensitivity returned to a high 
value and decreased as before. The data 
represented are typical of the highest 
impactor stages. These apparent changes 
in sensitivity may result from changes in 
the collection efficiency of the impactor 
or fro~ actual changes in sensitivity of 
the QCH. 

By gravimetri c measurement we determined 
that the ammonium fluorescein aerosol con
centration was 74 mg/ml. The average mass 
per hertz for all impactor stag~s on the 
first sample was 49 ng. l ater, when the 
sensitivity had apparently decreased, the 
average mass per hertz rose to 69 ng. The 
sensitivity of these QCM is reported to be 
between 10 and 14 ng/Hz. To determine 
whether the observed behavior was due t o 
changes in QCM sensitivity or to changes 
in stage collection efficiencies , we will 
measure stage rwass directly by spectra
fluorimetry and examine the relationship 
between mass and frequency change. 

Aerosol Dose Monitoring 

We have improved our real-time concentra
tion monitor for radioactive aerosols. 
The original instrument employed a zinc
sulf ide-coated photomultiplier tube as a 
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sensing element for alpha-emitting aero
sols. We have removed t he zinc sulfide 
coating from the tube and installed inter
changeable al pha or beta phosphor plastic 
disks so that the instrument can now be 
used to monitor either beta- or a 1 pha
emitting aerosols. Figure 4 shows the 
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counting efficiency of the monitor versus 
sample activity ctor three isotopes. The 
aluminized Mylar light shield for the 
photomultiplier tube probably makes the 
instrument less efficient in counting the 
225-keV beta of 147Pu than the 526-keV 
beta of 9°Sr. 
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FIGURE 4. Counting Eff1c1ency Versus Sample Act1v1ty for 
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We have also devised a better way of moni
toring aerosols during nose-only expo
sures. for rodents, where the ILB or the 
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initial alveolar deposition is usually 
prescribed, the a~ount of ~ost alpha- and 
beta-emitting aerosols {or nonradioactive 
aerosol) deposited in the animal cannot be 
~onitored in real time. One LdO, however, 
monitor a sampler that collects aerosol 
similarly to the animals and relate this 
to the ILB of the animals. If the flow 
rate of a sampler equals the effective 
minute volume of the animals being ex
posed, the aeroso l in the saJnpler at any 
time equals the ILB if the exposure were 
stopped at that time. 

Originally, we collected grab samples of 
a known volume with our real-time monitor. 
The resulting change in count rate yielded 
the activity of the sample which, divided 
by the vo 1 ume. equa 1 s the aet·o~o 1 concen
tration. We now sample continuously, 
using the fact that the net count rate at 
any time fs proportional to the activity 
in the lungs of the exposed animals. 





• Biological Effects of Magnetic Fields 

Principal Investigator: B. J, Kelman 

Other Investigators: ). R. Decker, Jr., E. G. Kuffel, D. D. Mahlum, and R. L. Rommereim 

Technical Assistance: M. Carey 

The scope of this project is best understood within the historical context of previously completed 
work. The objective has been to evaluate the effects of magnetic fields on a variety of biological 
systems. These systems have included dominant lethal studies in mice, prenatal development in rats, 
fertilization and embryonic development in trout, synthetic membranes, and long-term exposure of 
mice. The first coRtrolled life-time study of mice exposed to a strong magnetic field (1 tesla) concluded 
this year. The study was carried out in a unique facility which permitted exposure and sham-exposure 
of animals under nearly identical conditions. No pattern of changes related to exposure was clearly 
identified in this study; several individual measurements were statistically significant and will require 
some further analysis to determine whether they are related to exposure. 

Facilities 

The primary facility used in 1 ifet i me ex
posures has been described in previous 
Annual Reports (1979-1982). However, 
since it is unique (in that it allows 
lifetime exposures with concurrent con· 
trols), a brief description is included 
below. 

A 1200·ft2 metal building was renovated to 
house two identical beam-bending magnets 
(type 18036), which were obtained on loan 
from the Stanford Linear Accelerator Cen· 
ter (SLAC). These magnets, which we pre· 
viously used at SLAC, have poles that mea
sure 45.7 x 91.4 em, with a gap of 17.8 
em. This provides a relatively large cav· 
ity with a uniform vertical field. In 
addit ion, the space on either side of the 
poles can be used for exposure to gradient 
fields. 

An environmentally contro 11 ed unit, de
scribed in a previous Annual Report 
(1980), has been placed in each magnet to 
house the animals. The environmental 
units are matched in size, lighting, temp
erature, and humidity. 

The mode of operation has been such that 
one magnet is energized (to provide the 
exposure field) while the other is not. 
This permits control animals to be main· 
tained under conditions that are as simi
lar as possible to those encountered by 
the exposed groups. Either magnet can be 
energized, thereby allowing locations of 
control and exposed groups to be exchanged 
between magnets, minimizing potential dif
ferences between housing units. 
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Lifetime Exposure to Magnetic Fields 

Lifetime exposures of female CO-l mice to 
1-T homogeneous and 2-T/m gradient fields 
were concluded on May 3, 1984. The study 
was begun on April 13, 1982 , when mice 
were 5 months of age. At that time, 25 
mice were placed in the gradient field, 50 
mice were placed in the homogeneous field, 
and 75 mice were placed in the contra l 
magnet. Each week, the mice were trans· 
ferred from the energized magnet to the 
nonenergized magnet. The previously ener· 
gized magnet was then degaussed, and the 
nonenergized magnet was energized. This 
procedure was designed to control for any 
slight differences that might have been 
present between the two magnets. At the 
termination of the experiment, data were 
obtained on mortality, body and organ 
weights, gross pathology, physiology, 
clinical chemistry, and histopathology. 

Figure 1 shows the mean weights of the 
four groups of mice as a function of expo· 
sure duration. Weights of the mice ex· 
posed or sham-exposed to the homogeneous 
field were not different over the period 
shown. Mice exposed or sham-exposed to 
the gradient fields grew more slowly dur
ing the first 40 days of exposure. The 
origin of the difference is not readily 
apparent, although we strongly suspect it 
is directly related to a condition that 
was initially undetected in the gradient 
animals and was corrected at about 40 days 
of exposure. This aspect of the study has 
been described in detail in a previous 
Annual Report (1983). 

Table 1 shows the number of animals with 
lesions observed at necropsy, regardless 
of when the necropsies were performed. 
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TABLE 1. lesions Ob~erved at Necropsy rn All Mice hpOsed 
to Magnetic Field~. 

tiomogeneou~ Gradrent 

Organ Sham Exp~r.oed Sham Expo~ed 

lung 24 26 36 32 
lrver 10 R 32 !0 
Ktdney 10 14 -1 0 
Ovary 34 32 48 44 

Uterus 40 26 -Ill Jo 

Lymph 48 -10 36 32 
Spleen 2-1 18 12tal 28tal 

Thymus 18 16 16 16 
Gl Trt~ct 12 16 4(b) 2o<b> 
Mdmmary 8 2 o<bl 12{bl 

Eyes 16 8 8 16 
Pituitary 6 6 2 0 
Subcutaneou~ 12 18 8 16 
Heart 8 4 0 4 

Number Examrned 50 50 25 25 

(a) P < 0.025 
tblp < O.ol 

Significant inc reases were observed in 
splenic, gastrointestinal (GI), and mam· 
mary ti ssue les ions in gradient·exposed 
mi ce . Splenic and GI lesions were vari
able, but all mammary tissue lesions were 
carcinomas. 
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Table 2 shows the numbers of animals that 
survived 745 days of exposure and had le· 
sions at necropsy. The number with liver 
and eye lesions was significantly higher 
in those exposed to the gradient fie 1 d 
t han for controls. The eye lesions were 
not confirmed by histopathologi cal examin· 
at ion. 

TABLE 2. Lesions Observed cJt Necropsy in Mice Survivmg :'50 
Days of Exposure to Magneuc Fields 

11omo~eneou' Grildtent 

Organ Sham Expu~ed Sh.1m b.pO~t'd 

lung 15 31 33 30 
Ll\·er 0 0 56{al 2ola 
Kidney 0 13 0 0 
Ovary 46 16 33 &O 
Uteru~ 69 56 &7 110 
Lymph 15 36 33 20 
Spleen 0 13 11 20 
Thymus 0 19 0 10 
Gl Tract 0 0 0 10 
Mammary 0 & 0 0 
Eyes 15 6 o<b> 301b1 

Pituitary 8 4 11 0 
SubcutanE-ou~ 15 t9 0 0 
Heart 0 0 0 0 
Numbt:r Survrving 13 16 9 10 
at 7'10 Days 

(alp< 0025 
tb)p < 001 



Table 3 shows the number of animal s with 
abnormal cardiac events. Heart rate was 
significantly higher in animals exposed to 
grddient fi elds than in sham-exposed ani
mals. However, the number of animals with 
abnormal electrocardiograms did not differ 
significantly among groups. The hematol
ogy and clinical chemistry measurements 
listed in Table 4 were also completed for 
both exposed and sham-exposed groups. No 
significant changes were observed in any 
of these measurements. Histopathological 
examinations showed no consis tent 
exposure- re 1 a ted effect in exposed ani
mals. 

TABLE 3. C.udiac Events in Mice Exposed to Magnetoc Fields. 

Homogeneous Cradoent 

Me>asurement Snam Expose>d Sham Exposed 

ECG ('%.Abnormal! 58 73 43 71 
Rat;, !BPM :t SOl 612 ± 31 617 ± J'l 609 ± 3tlal 648 ± 33lal 

"lumnpr Measured 12 11 7 7 

!alp < 001 

Figure 2 shows the cumulative morta lity in 
all four groups as a function of exposure 
duration . Mortality curves are not sig
nifi cantly different for animal s exposed 
or sham-exposed to the homogeneous field 
or sham-exposed to the gradient field. 
However, anima 1 s exposed to the gradient 
field showed a significantly lower mortal-

ity rate, which is not consistent with the 
greater nulllber of lesions identified in 
those animals. We have therefore con
cluded that the lower mortal ity rate, com
bined with a lack of patterns in abnormal
ities, indicates that exposure to homoge
neous or gradient fields did not adversely 
affect the animals in the study. Suffi
cient numbers of abnorma 1 1 es ions were 
observed to make further investigation of 
their pathogenesis important. Accord
ingly, a second lifetime study is in the 
process of initiation. 

TABLE 4. Hematological and Clinrcal Chemistry Me.Jsure· 
ments Performed on Mice E.J.posed to Mag~ltc Foelds 

• frythro(yte~ 
Red Blood Cell Count IRB() 
Hf.'mo~lobin rg Hg/100 g) 
Volume or Poc.ked Red Cells rVPRC, ml/100 ml) 
Mean CorpuKular Volume (MCV. 1-4 1) 
Mt'cln Corpu~cular Hemoglobon rMCH, j..lj..IM) 

Mean Corpu~c.u l.~r Hemoglobon Concrnrraroon 
rMCliC. %J 

• Lrukocyre~ rCell' , 1 o 1 mm ~~ 
Whote Blood Celb 

- l'.eutrophoh 
- Lymphocyte~ 

- Monocyte~ 

Eo~onophil~ 

• Bone M.1rrow 
• Blood Urea Notrogen \BUN. mg/100 mil 
• Protein rmg/100 ml) 
• Albumon rmg/100 mil 
• Serum Clutamoc-Oxaloacetoc Tran~.Jmin<~>e !SCOT. IU/U 
• Serum Clutamoc-Pyruvoc Transamonase rSCPT. IU/U 
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• Metal-Membrane Interactions 

Principal Investigator: R. P. Schneider 

Other Investigators: R. A. lindberg 

Technical Assistance: l. E. Daughtry, and K. A. Kafton 

Using zinc uptake system of Neurmpora cras~a as a model system, we have investigated the kinetics 
and regulation of heavy metal uptake by eukaryotic microorganisms. We performed experiments 
designed to show whether free Zn2• or the zinc-citrate complex is the form recognized by the zinc
membrane receptor. These experiments showed that the affinity of the uptake sy~tem is the same for 
free zinc or the citrate chelate, indicating that the receptor is indifferent to the form of the metal. The 
system is highly specific; i.e., zinc uptake is not affected by 100-fold higher concentrations of Co, Pb, 
U, Ni, Ca, Mg or Fe. Uptake of Zn is inhibited by Hg and Cd. but these two metals are not taken up by 
the system at measurable rates. 

In spite of the ubiquitous, increasing 
pre!.ence of toxic metals in the environ
ment as a result of the production of 
energy, little is known of their interac
tions with cell-membrane uptake and regu
latory systems. The ionic forms of most 
tox ic metals penetrate cell membranes 
slowly; therefore, it seems 1 ike 1y that 
many of the metals' effects are exerted at 
the membrane 1 eve l or are determined by 
membrane-regulated entry into cells. Such 
information, therefore, can be expected to 
aid in predicting bioaccumulation and the 
potential effects of trace metals from 
foss il-fuel utilization and processing. 

Previous studies (Annua 1 Report, 1981) 
have shown that depriving N. crassa of 
zinc causes it to synthesize a.-tilgh
affinity uptake system for this element. 
We have also shown that zinc is taken up 
by the cells from solutions in which 99.9% 
of the metal is chelated by citrate. Fur
ther, we showed that citrate is not taken 
up in amounts sufficient to account for 
zinc uptake (Annual Report, 1982). Thus, 
either the transport system strips zinc 
from the zinc-citrate complex,+ or the 
small amount (0.1%) of free Zn2 is the 
form recognized and transported. 

Last year we examined the kinetics of zinc 
uptake by zinc-starved Neurospora in the 
presence or absence of citrate. The de
pendence of uptake rate on zinc concentra
tion was about the same in the presence or 
absence of 8 mM citrate (Figure 1). These 
data strongly suggest that the transport 
receptor (or carrier) has the same affin
ity for free zi nc or for zinc citrate, 
because only 0.1% of the zinc is free 
when citrate is present. If free zinc 
were the substrate, one would expect the 
affinity of the system in the absence of 
citrate to be 1000-fold higher than in its 
presence. The citrate complex is probably 
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FIGURE 1. Dependence of Zinc Uptake Rat~ on Zinc Concen· 
!ration by Zinc-SLlrved Neurospora cr3SS3 in thf' Presence or 
Absence of 8 mM Citratl:'. D,ll<~ (mf;'ans oi three experiments) 
are normalized by expressing them as a proportion ol the rates 
at a concentration of l JAM zinc. 

the norma 1 substrate because Neurospora 
excretes large quantities of citrate dur
ing normal growth, and Zn2+ is an uncommon 
form of the metal in nature. Through some 
unknown mechanism, the receptor is able to 
recognize zinc, whether free or chelated, 
with the same affinity--a highly unusual 
property. 

Toxic trace metals are probably accumu
lated by microorganisms via uptake systems 
for nutrient meta 1 s. For this reason, 
cells were starved for zinc in order to 



depress synthesis of the zinc uptake sys
tem, then used to investigate the effects 
of severa 1 other 111eta 1 s on zinc uptake 
(Table 1). Our hypothesis was that metal s 
taken up by the zinc system would inhib i t 
uptake by competition. Of the meta 1 s 
studied, only cadmium and mercury i nhib
ited uptake of zinc; however, subsequent 
experiments with radioisotopes of cadmium 
and mercury showed that they were not 
taken up by zinc-starved Neurospora (Fig
ure 2). The system is highly specific 
because most enzyme systems discriminate 
poorly between cadmium and zinc. Although 
the presence of cadmium in the environment 
may interfere with accumulation of zinc by 
Neurospora, the specifi ty of the uptake 
system protects against accumulation of 
toxic concentrati ons of cadmium even when 
Neurospora is starved for zinc. 

TABLE 1. Effect of Other Metals on Uptake ot I IJM Zmc by 
Zmc-Starved Neurospora crassa. 

Metal Concentration. jAM: 10 100 

Metal Added Percent Control Upt.1ke 

Cd~ .. 19 6 () 

Co!• 99 103 133 

Hg~· 12b 52 0 

Nrl + 117 90 97 

U022+ 109 95 112 

Pb2+ 103 

Fe2• 85 87 

In summary, our studies have shown that N. 
crassa synthesizes a high-affinity uptake 
system for zinc when growi ng in a zinc
deficient environment. Uptake is depen
dent on metabolic energy . The system is 
also negatively regulated; when sufficient 
quantities of zinc are accumulated, the 
system is inactivated, with a half-time ~f 
about 10 minutes. The affinity for Zn2 

86 

0.5 
Q) 

a 
:; 
1.) 

e 0; 0 .4 
<II 
0 
E 
c: 
0. 
:r 0 .3 

u 
u 
c 

N 
0 0 .2 
<II 

.;,(. 
(I) 

a 
:::> 

10 20 30 
Time. sec 

40 50 

FIGURE l. Uptake of Zmc, Cd and Hg by Zinc-Star\ed 
Neurospora crassa . 

and zinc citrate is about the same, K = 
1.5 iJM. The system is highly specific~ of 
the divalent metal ions examined, only 
cadmium and mercury inhibit zinc uptake , 
and even they are not taken up by zinc
s tarved ce 11 s . 

When these kinds of data are available for 
other microorganisms and nutrient trans
port s;stems (e.g., iron, copper and mag
nesium), we will be able to predict bio
accumul ation of toxic metals based on 
their amounts relative to nutrient metals, 
in a given environment. 
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• Complex Mixtures -Relative Potency Matrix 

Principal Investigator: P, J. Mellinger 

Other Investigators: R. 0. Gilbert and B. W. Wilson 

The purpose of this program was to provide a relative potency matrix to relate potential human health 
risks irom one hydrocarbon ind.Jstry to another, 

A r~lathtQ potency matrix w~~ genr;q'""t-!l'd to 
t<?~t l':::w r~onnuman Piologic<tl data l!li\Y De
used to ;:>redi<:t potential hu"lan-'>e.alth 
rist<S frcm 3 v;p·iety of ·worccaroon-based 
indu'"itries. Ames assay (•m•tagerd;;ity), 
rr;anw~aliJ:t o:e)l transformation {carcir,oge<n
ic'tyj, ..,nd movse skh-painting {c<~n::ino
geni"city) dat.<~ IO'ere gat'1ered f<Jr coal
gasif~C<~tion t.dl', r:lal-1 iquefac:io" f11M.vy 
d;stiil;,te, shale .;,il cig,.~ette~smc;ke con
deflS!IiTe, <111d tlil'> effiJ>sions f~om roaring 
t.»r. petroleum an<:l tne .::onbustitP1 of die~ 
sel dnt: ga£o-,ir>e engi·wt Tl'e nPlQ<! of 
reh;t.ive potent1es sugge$tS a dec<"l'"ase 
w1tf1 hrreasing hltdogica1 tD<IIr;leldty of 
the test. 

AHer themi~try data were ad(led to t'le 
l'lct.rb;, biologi~a~ test data WP.t·e :::cmpared 

89 

statistically, bE!Setl t.m e•ght "p~o;,<J~cw 

tors": molecular weight, the pnH<enCQ of 
a''phatic hydt'OCilrbon~, polycycli::: <~ro~ 

nat ic hydn:>c<!>'bcm~ (PAH). hydrcxy P.<l.f-, 
rlitrogen-co"lt<~irdng polycyc'ic <~.romat:c 

>;Oillpoona<;;, hydro,.romat.ics, alllino-PAH, a"ld 
thv oegre" of illkylat.!on. 

Prelimtnary fn'ldi,gs suggest lhe f::llo"'· 
ing: 1) for l!il<tiltio,, a~ttn-o-PAH j;; a1 ... ey$ 
tngl'iy sigrifieent no matte~ what other 
"pred'rter" ou:-...rs irJ t.'1e regres~ior1 eqJa
t;on. ?) Fol' irdliation/pl'omotior, rr<>lec
ular weight is alway£. s:-grdficart in the 
t"egressior o;>:::;uatL:m, ,,o matter wh<:ot other 
predict:;r also occurs, 3} No cu:~clusio,-,,; 

can be reac'wd about chn:mic d.;~ta at thlo.; 
t:"le he<A.Jse o" t'l€> sma;' ,;ample size. 









• Blood Irradiator Development 

A, tully ponable blood irradtdtor h.:~s been developeJ to provide t.•>ntmuou~ ex!raC"orowea! irradiation 
o• cir:::uia!ing blood. Th!' beta jrrJdiJ.tion used 1vpically redt:<:t>s :he numbns of c:rru!aring :ympho· 
cyt;;-4 to k;,~ thar 1C'X, of the pre:rt>atnwnl level Within 1-2 Wf'f'-:s. It 1S at;t~eipd!ed that the devke wi!: 
bt> usdul in suppressins eJrly :ewct•or ollransp:anled tisslJC> or organs zrc in trea1mg <{>:f;r~ blood 
c1sea;c;. :n fY 1984 we developed a t'ornpt.!er model to predict exterral rddiation Joseo. V·/e .;~l\o 

de"'ons:rated that the iun<.:io•).ng of t·ar~piantcd kid'leys wa~ ;.:votected f"OIT' the e.1rly rrjeu-on pro
res~ in dogs that re::e1ved treJtmE'nt w;th thf' irradiator. 

!n anticipation of using the blood irradi
.Jtor HI clinical tri<>ls, rad"atiun do~es 
to r~e pdtient a~d to attendinq personnel 

On the tasis of m<Hl' 
~ured 40b;;S escapi~g ~rem the unit5 ... ith 
ti'Eir e~>sCng s.bit:ldlng, il comp.;ter (i;JJi! 

.. as deveroped t::; "stab' ;;;h i~o:to5e curvoJ> 
d1d to opt 'llize trw dt~po<;iticP 0f ~h•e1d

'"9 With tiH! COI'lpUlt''' iiOdEl 0:0 i1 ejUide, 
(O~HtrJctiuL dre:~wing~ .;re being prepliYed 
O'l ::w assL-mr;t io•l tnat t(ngsten wi 1 i pro
vld<: tf>e majtlr o>-,felC:i~g We nave ;ds::. 
ihSU'11Cd ti"'at CO'Il>JOIWI'tS -..ci II be termed 
JSing s nterinq t<>chno1o£y, wruon tlw we
sign io: approved, <1 CC!llj.ll.:.te- shield urit 
will be fJbricatEd ll<hl teste\i to v>!r'ity 
tn& c-:>oouter code used to predit.t. eztern<.<l 
doses, 

Init~a'J;~, lt .,as ass1..mcd tl>a:; tf1e oose 
rate to t;d.,od for h!)f!lans wow'd nee:; :o be 
qreah" t>ran thilit used for dogs by thlll 
ra'::ia af hull'an blood volum<::/doq blood voT~ 
llfl>!" (i_..,., atJtHz:: ;,i;;~ tD eightfold). To 

achieve this, we had plJ:nrHH! :o elorJgate 
ea::;l' unit. and to place twc t.Pi:;~ in p.ar"'l
·e; "" that b1ood would c'rcclatc t'l'"Ouyh 
botn as it passed froFI the artery uwough 
~-'"' irradiato,., 'l'ld back t" the vein. 
e>~ef·, the co..-pc~ter model sho;;ed 

How
that 

len.g-talHilfQ r:'le ll'lit and usn1g two <Jtllt\i 
"" pur,.:lel wo,_!]Q fncr-ea~e ~"<i~]d!tl*J 

weight. to ar cjectier;atle de!:;r-IHL Our re· 
~~arch wlth goats. however-. show~d that it 
rright not b<! n!H:ess<!~y tn incnHwe the 
dose to blood as nur:h as previous'y 
t'>oc~ght" In gDats weiglli>1g 30 to 4() kg, 
the d;;cl1ne i'l number:. of circ..~1atlng lym
phocyte& was <~.lmost llt<ual to that c!Jservect 
in dog-; tt-at .,.,,-ghed lD t::; 15 kg. In tn::::h 
cases. the tr~hsit doses were tn the range 
of 20 to 35 rt~d, Thm;, transit doses of 
40 to 50 rad <lre now pli!nned for lnitial 
tm:uar cllrlical trials, Mld it will not be 
,;e-cess;,n-y to use two 1..nits to ""'" ttlf' 
long,.~ Jes'lgn. 

"~lh:partment of Surgery, University of 
\olasnington, Seattle, WA 
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Studies of the efficacy :rf the i rradlators 
in cot1tf'011ing early rejectlo-• of kiq,-,.,y 
-::nnsp'ta'lts """'""" cer.tinc:<'<::. 11~ing mcmgr!!ls 
as do:-~ors and b,;,ag1 es from <.n!- <;>Wn u:. I ooy 
as ho~ts. The gen•H>c dl-rfe~"ence bE'twven 

the cr .. eds c.ause,-, more "e1.-.;,re "ejection 
than could be aLtai'Hid with Ltw be<>gle~ 

t!<!agle tra~osplents per:'ormed o;~rliel'. 

Treatment ""'91!i't"S j,-,.;-IJdcd ir,.:.;~lling 3 

can.>1.id-Jc;u1"!r ~hur':_ .;~nd •lmedia• . .-ly in
sertlau aP 1rrildiJtor in the si><-Lt flew. 
tach "''"ctd1atc,., "'"~ left tn p~ate for 2 t.o 
1 we~J"I<~ p~'of' to tne kidney tt<ansplent. 

~he an'"";~ were m<Jirrtained wit'l OJ g of 
Jspif"in i.ltld ?5 mq F'ersantH-,e 1,Ge'iyy ".'lam·· 
<~r.eutical). twk .. 3 d<Jy. "'•til blood flew 
tl>rt:vGI' th"' ~t;v:t. and '""Tadia::::>r ceo'C <OC 
r..-nq"'l" be maintained. Tl'>c ::cg's owr-. two 
o<.'dneys were renoved, so thin surv1va1 was 
depend~;nt on tnc succe~s o<' the t•·;mo
p" anted organ. 

Tl"\e •our G~K<::e~sfu\'y :reated at11mals swr~ 
vived 26, 28, JO artd 111 days. ree<>Jec~ 

tiveJy, t:'l another Ml'11al, which succ:.:m:Je:l 
16 tFIYS attofrr the tl'anoplant. the shunt 
ar>d irTadiator were re:uoved the day fl)l-
1owing surgery. Ttd:, early denise wlV'IOut 
irradiation emphasizes t'l>l! impcr-:a>1ce <l" 

maintaintoq cc,--tinqou~ ir>"4d'.:ttion >,~:>t> I 
the tr·ansp'ant is funr-t.1cn\ng well. Tyv~ 

i<:any, en1ma 1 s t.hat. receiv<;>d ki::iney 
trensplant& w' thoat i t'radiat' on therapy 
S< .. WVive to~ only 10 to 12 day&. 

Thi~ ye-!r we are bE>;;iw'linq new st<Jdies 
witt> 1eckemi<;; ::iog!> ai. P3"t. of a collabora
tive Pffo"t with 0!"' L D. Thomas and DL 
f. Appe1b.J.u" (Fred H.Jtc:hlnson Cancer Cllr\

ter. Seattiu, WA) to evaluat.e the u;;e llf 

the irrad1atur far tr1eatro:ent c1 blood cth~ 
f!dMc>&- Ir arder to tHe Lhe -irr;J~dhtor witt> 
dog; ef varlrws sizes, we have aeoiqned a 
n<>w who1e-bocy harness of nylon nett>ng 
for attach'ng the iiTadi<'tor to the dogs. 

!n .-oddlt.ion, .,-.,. pla:> to flhllize irradia
tor deslJ:in for !.l~e in humar: clirical tri
als. 





• List of DOE Radioisotope Customers with Summary of Radioisotope Shipments, FY 1983 

Principal Investigator: D, A. Baker 

The annual list of DOf radioisotope customers w;u published in August The document contains the 
various radioisotopes sold by the DOE laboratories 10 domestic, lorf!'ign, and other DOE facilities. A list 
of suppli;::rs is given alor.g with the isotopes sold or transferred. l1sh of customers are given, with their 
addresses and ;he isotopes purchased. Customers are also cross<eferenced by ISOtope and state, or 
country for foreign sa!es. A table of isotope sales by number of shipmentS, quantity, and dollar vah;e is 
given for each customer type (domestic, DOE, and foreign). Total value of sales of OOf radioisotopes 
for FY83 were $9.5 million. a deere<!.<;~~ of 13% from last year. 
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APPENDIX 

• Oose-Eited Studies with InhalEd Plutonium in Beagles 

On the following pages data are presented for a!! dogs employed in current life-span do.se etiect stud
ies with inhaled mpu01, <3&Pu0:;:, and mpu nit rat~" Information is presented on the estimated initial 
alveolar deposition, based on externat thorax counts and on e~timated lung weights {0,011 x body 
weig~~) at time of exposure. Information is abo provided on the current interpretalion of the m.:x.t 
prominent clinlc')l-pathofogical features associated with the death of animals. These data represent 
information presently available, and are presented as reference materia! for scientists who desire to fo,
low in detail the progress of these experiments. 
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o. ()8 
0. 0 9 
n. ~9 
O.ll 
G.lS 
0.15 
0,16 
0 .16 
0 '17 
0' 1!i 
1).19 
0.2:! 
o. 22 
0. ;n 
0. 24 
(),25 
(). 29 
(1' 29 
0' 32 
O.B 
n. :;e 
n, 10 
0.41 
0. 42 
0. 4) 
0. 44 
0,44 
0,46 
0,46 
0,49 
:I • S? 
0, S4 
0,58 
0.6!1 

0.6} 
0,51 
0 .61 
O.H 
11. ;:, 
(,77 
0 '7 4 
0. 71 
(l.i)J 

o.n 
l.OO 
f}. 96 
i .24 
]. 6? 
Ltd 
1,75 
1. 79 
:. 90 
2 ,00 
2. 0 9 
?.40 
2. 41 
2.57 
2.6 9 
2.14 
3.2G 
1,24 
1,50 
3. 51 
1.:7 
4,40 
4. 59 
4. 59 
4. 77 
4,81 
4.85 
s '10 
5. 09 
5,40 
<;.67 
S,C'l 
6. 41 
1' 44 

WElGHT AGE* 
(f:Gi (NO) 

13.0 
2 .0 

14.0 
11.0 
S.J 

::._.o 
D.s 
13.5 
l} .o 
n.o 
l~ ,1 
~}. s 
13,1) 
l.J.:) 
::.s 
8. 0 

"' l ~ '1) 
1(1 's 
'.o :o. 0 

14' s 
14' J 

7. () 
9.5 

11),:) 
:o.s 
8.0 

11. i) 
11. ,, 
]C,O 
13. 5 
:3.5 
:3.0 
13,5 
13, D 
)4,5 
l: 'J 
).l)' 0 
12.0 

'·' 11.5 

"' 

18.7 
a. 1 
H-9 
14 -'-' 
)7, J 
1~.4 
20.2 
11!.6 
1!'. 2 
H.O 
11. 3 
16." 
16 '8 
J 9' 5 
17.6 
~ s. 3 
15 .f; 
H.l 
17.9 
17.7 
1!3. 2 
ll:l.2 
HL~ 11., 
) 5. 3 
l '-· .l 
17.9 
C.B,2 
lB .1 
l7.} 
19.2 
I 9. D 
1 9 '5 
; B ,6 
16.$ 
ll. 7 

2~. z 
17.8 
15-0 
:-;;.B 
/L} 
t6 .c 
17 's 

DAn: 

02/04/tl 
10/W'/71 
lll/07!71 
02/fl9/71 
06/08/7: 
11/10/71 
03/04/71 
07/06/7' 
lV:ll/70 
l)€/0!5/72 
06/08/7~ 
r.J7/C6!7l 
07/1;6/?l 
01/1'1;7 J 
Ct/!!S/Ci 
::G/19/Cl 
:)2!09/1~ 
:n/CE/71 
06/CB/71 
Hl/07 ;71 
Ol/19/71 
[l7/0!&/7J 
12/21/~D 
lo;~;I·n: 
03/04/7l 
CJ/04/71 
l0/C7/7l 
12!21/70 
04/26/7l 
12/2l/7il 
OJ/ZC/71 
G2/l0;7! 
03/04/L 
12/~1;70 
04/2&/7~ 
10/C7/-;l 
OJ/C~/7i 
C&/DE/71 
Cl/l>J;'; '-
04/26!71 
J:J/07/E 
06/(18/72 
06/0fl/71 

Dl\":t: 
:JF 

V£ATH 

04/ll/il ~ 
06/0&/fl} 

J7/24/f!} 

f'4/J:/80 
C9/19/B4 

~l'/07/72 

06/2S./l!3 

01/10/78 
OB/C9/S4 
j~/19/61 
hf\/29/74 
i)?/17/84 
C.S/14/84 

04/08/BJ 
D4/2}/!l4 

:0/29/fl; 
::rns;B3 

02/J(l/61 
;·_/02/83 
~5/27/83 

32/22/79 
OS/24/e4 

CE/26i79 
('J/1C!<O~ 
09/06/BJ 
05/22/?J 

07/06/71 
i)7ff)5j79 

MOOlTiiS SINCE 
D<HI\LATIGN 

9/30/1.'4 D£A'l'fl 

: ss .a 

; ';iB, 9 
~58. 9 

161,2 

162' 9 

! ss '1 
l~{l.J 

125.4 

lCC. 7 
16 2. 6 

l.G 
J 44, (,. 

f' 3. 7 
'5S .1 
j 27,0 

42.6 
153.4 
155' 2 

l H.t 
153.6 

139. 9 
153 '4 

90.1 

12.1.0 
lSJ. 4 
147."' 

lCL7 
l 57. 4 
~ s:. 5 

24.9 

(> • 9 
:16 • 9 

CQk)o!f\N'fF ON !JEI\D DOGS 

?rc<:'e'i'sir,g 
Pcne 'IUIM! 

Pituitary 7uM~~. Cushing':;: 

tr:known, Fulmon. Hy<>linonis 
Prccorssi::q 

fi<lcrificee 
Pcritonitie 

Epllepsy 
vr:.ce:o;6ir:g 
jjnknown Cause 
Sac,ificeC 
lienang1o~a, Splee, 
Pneunor\! a 

Fhf':Jchromocytoml'l 
::rin;~ry Bli!idder 'Lmor 

?11-ll!te: .".aliqo.J~nt 1-:el<~no.,._a 
Mott!::obular St~n::owa, So;Jll 

ovarian -:'umvr 

Ll'ng TJP\Or, Kidney Tumcr 
Lung T:.w r; c 
Neurt·tibrortn<:mna, flra,;hial P 

Lung TiJm:::r, Adr;::;nal TU1TlOt 
Proce:>stn<; 

P•JJmonary TbrowbctO<:rbolis;r, 
?roc>:$Slf19 
Lu<'Q Tumor 
SBC[lfice:: 

Sac r if 1 ccd 
Pyometr;; 



::OS£~BF??\:r STVDI£S Wl":'H 1l'HAL:SD Pt:-.:39 OXIDE :N BEAGLES 

JNI'!fAi f,LVEOLAR rt?OSI":'fOI'l Tl'lBALAT:ON EXPOSURE MONTHS SlNCf: 

---~-----~--------------- ----------- -------- DA'!'f lNH.;_t.A'TION 
DOG N('l/G NCI/ WEICH"C' ACE* 8' ------------.--

DOSE Gll.OU? IDE'\T t'C UlNG ~-G (l<Gl ~MO) Di''!'i' 2£Ai'!l 9/3C/E4 DEATH COMMENTS 0» DEAD DOGS 
··-- --·· --------- -------- -------- ------- ------------------------------
D-3 ft!!:D-tOW "' p B5 0.70 7 '7 3 lLO l6,4 C3/C4/7l li:i2.9 
0-l MECl-LO'" "' ' 75 3.7:< 7.'H s.s 21 '3 1C/01/7l 15:,.8 
D-) Joi:F;)-LOW an ' 89 (). 74 \J • 09 11.0 Hi. 7 1:4/26/7::0 :fl. 2: 
D-.3 MRD-1/J.W "' " 140 0.6.5 9 '33 1 s.o l 9.:, 1D/30!JJ 0'>/(18/80 114.3 C.:~rdtac Valve lnsutCicier,o;;y 
D-3 MEC-LCM 7SC M m o,'n 10.26 ll,$ 29.6 01/20/71 :J5/2S/IH H1.2 Prcco;:seinq 
0-3 MBL:-LOW '" ' 123 1.12 1 :<. lC l{),(l l'.E 10/CB/71 09/14/94 155.2 Lung Tutror 
D~3 HED·W\oi 844 ' ~ J.S : .l7 l1,1Hi HI ,S l 7. 6 06/CB/7: 159.8 
D-J M£0-!.0t-: 90S F m l. )(; J 4. 94 8. 5 l ~'. 9 11/10171 02/07/83 :34' 9 l!:ali<;nant t. yH.phema 
D-3 MSDlGM "' • 20•1 1. )!; 14.81 B. 5 17.4 07/C6/71 Oti/27/8.4 15''..7 Lung Tu"'or 
D-3 !~CD H.: I' 508 ' : ')7 : • )6 14.9'; 10.5 t s.) OJ/04/71 05/29/Bl D2.6 Llver cirr, Thy '" . Addisc,•a 
D-3 M£DlU¥. 76 4 F lSF L31 l5.C 5 10.5 16 .l 12/21/70 Ci/07;!12 c l!l. 5 Lunq -r-.~.rnor 

D~¢ MEClltlM "' f' '" J. 4fi l6,W 10.1) H.4 04/26/11 05/25/7S 1!6,0 Reticulum Cell Sii!CO!bil 
D·3 -~ED!'JM SJS ' 

• 0 : '49 16 • 4 3 ll. 5 16.3 04/?6/71 u;:.; ... 
c-• M£DHIM Rl4 F '" LS:J :6.47 s. 5 15.1 03/04/71 HliJ7/79 103.5 Lur.<J Tumor, 'thyn:id Adenoma 
D-4 MEDIUM S36 M m l.bE 18.2? l4.C ~7.&. 06/CB/71 D}/H/H U7 ,3 !.U!'l9 TUitO! 
H Mf:Dl:JM 815 ' 163. 1,74 t9.2B u l!l. 2 06/CS/7 2 1 b9.8 
D·4 ME:DllJM "' M 274 l. 78 :9.57 H.C 11.1 10/0!i/71 ~P/:12/79 n.s Lung Turnot 
C-4 KEOILM i.i2 4 ' 227 L 79 19.74 11.5 l<L l 06/0IJ/71 Ol/2ti/61 115.6 8tcflllC bopnCU!fOfl iil 

8 D-4 MECI::M '" ' ?54 1. 85 20' 3J 12.5 l7. J 06/0S/71 06/24/SZ 132. s Lurq ':'t:.rnor 
~ D-4 ~H;D!WM an ' 24t< 7.37 26 .ll 0.5 15.5 04/26/71 04/04/83 143. J !'tttritis, Adtenal ' Thy T'-!!TiOt 

D-4 MEDICM Bl 0 ' 3G2 2.39 2f' %1} = 1. s 15.3 !J3/()4/7l 09/09/Sl 12! •• 2 Lllfl8 Tumor 
C-4 ¥.E!HCM ?94 ' 444 2' 6(J :a. 65 15.5 l7. 7 03/04/71 02/17/81 119,5 Pituitary Tull!or, cuzh:ng's 
D-4 ~fD!UM 854 M 465 2.64 29.C6 H.G 2: '3 lG/08/71 Cl/25/82 : 2). 6 Luna Tumor 
n-4 !l,f'DIUM 471! M 29!l 2. 7J ~9 .80 lO.G 64 ,!) 10/t:;'l/7(} l 0/16/70 0.' Saci:tf~<::l'td 
D-4 M£DUJM ens ' :no 2 .B'l 31 '7f. '·' 1 4 '~ 02/10/71 ['9/0'i!/3? : JS. !f Lur:g Tumor 
D-4 MED; (Jft! He) p 257 3.12 34.27 '7. s H.~ 0£/09/71 01/22/62 133. s El'iCPhilt;~<Oa1 ' Lunq Tunor ,_, P.f.:DltP !1:12 • "' 3.19 :;5. () 4 12."' ~ ' 'J 04/26/71 ~!/12/75 1C2.6 :.em;;] 'l'tmvr 
D-4 MEDll'M 657 " 4% 3. 40 37. J9 u.o 17.3 C6/08/7l 07 /rll/80 lM.e L\lr:g TU!'lOf 
D-4 MEDH'M '" ' 494 J. 59 39.52 12. 3 16".0 11/10/7] Hl/2\>/61 119.5 L~l1';1 Ttl!!lC r 
r::-4 i'.tDlCM "' ' 398 J, 62 3'l,EC 10.0 :6.S !l4/25/71 DS/ll/7l (' • 5 Sacritic~>d 

C~4 MEDlt:M 777 ' "' ), 97 43.£8 12,5 20.2 0.1/04/71 Ol/25/SO 10$.7 Lung Tt:mor 
C-4 HECHJM '" ' 541 4.32 47 .57 11. 5 l!L1 04!26/71 ll/10/77 78' 5 ll'lf:'Uititiill Pl'le'.lmor.l tis 
t:-5 !',ED-HlGH ?8 3 ' U94 10,14 1 ~l. 52 12 .s lB.'J 02/C<J/71 l UOl/75 $7.8 Lunq T~,;no:-

D-5 !i£D-HlG!l 604 ' 1)44 10, J a ::2.01 12.0 20,5 07/07/71 0!!/18/74 37.4 Lur.q Tmnn::-, !<ad. l?mh.J:Jtonitls 
n-~5 MED~IHGB f:73 " '- 76? 10.71 117.60 15 '0 16.8 07/07/71 09/03/76 6l.!< Luoy ':'mncr 
.r;-:. :!'ED-HIGH 7G 0 ' U71i 1 (). 69 111,83 11.5 19.1 01/20/71 (18/15/73 }(i,ll Redi&tlon ?nE!U!fOOitiC ,_, 

!I.PD-HIGH "' ,- J3111 ll ' 41 . ?5.52 1C.5 l ~. 6 02/09:71 09/17/75 SS.2 L~.>ng Tumor, Ost~oarthropathy 

D·5 MED-ll!GB 761 ' 1460 12. ()i lJL)J ll.C 19.3 01/20/71 11/02/76 69.4 lm'I<J TU!LCr 
;::-5 I'..ED-HlGH "' ' 1726 1:: .ss ne .oe 12.5 ~ 9,6 ll/lC/fC D3/l:/71 4.6 sacrif:t<.:O?ci 
D-5 IU:D-HIGfl 71]7 ' 651 4. 7) 52 .Nl 12,.5 19.5 OJ/04/11 [)7/~S/79 95.2 Lung TiJ:llPl:, rotesti.oal 'l'unor 

"'' ME::-ttiCH 6<0 ' 711.1 4.92 54,08 J3 .c 17.7 06/06/71 !)4/29/80 106.1 L>'lg '!\l!LOr 
D-5 M£0-J!IGH 772 ' 18!Hi l4.'19 J 6~.Si )] • 5 .;<.S 02/09/)1 M/26/75 52.5 Lunq Tt::nct, Os teoar t h;:-optt!o_y 
D-5 M£0-lllGH '02 ' 161!2 15.29 :68.20 1 c. a 19.8 1:/10/70 C3/3l/71 '·' Sactificed 

• 1 r_d l c<~t Ns llgc '" me>l'ltH; Slf\Cj> bi ~til' oll <>tt:t:r 39~$ a r"' ::n uonlh':' sir< I' exr.osure • 



DCSE-£n-'F('1' S't'LJDIES Wl':ri lMlftLED W-2J9 OX:DE: IN erA;;:J::s 

!Nl'::!AL 1\_J.VECL!,P DEPC'<i :iTIQl' 7NHi\LA7 ;ON EXPOSUFE MONTHS SINCf. 
-~------------ ··---------· --------- ... -· ------- DhTE n:liALATIOJo; 

DDD NCI/C NC/ l'ElGHT 1\.Gf'~' Gf ·---~---------

OOSF GkotJP mtN':' NCl rlH<e KG I Kl.) !YO) o;.:::F D2t:l'H 9/3(,/84 ';EA!'H COMMEN'!'S GN D!::A:J :JOGS ---- ----------- -------- -------- ------- ------------------------~-

:::-5 MEO-B:GH 7?7 M 733 5. 33 56 .6 4 : 2. 5 l 13. s l0/2f/7C ll/:0/76 72' 5 Lunq 'tumor ,_, ME::>-!l:GR "' F n:_ 5.39 S9.t.5 ::.2.0 :E. 0 ll/.CD/71 CU03/8J :~j,n Uci Fledc ' Lung ' Adf '1\l:t\<:r 
D-S 1'12::-lHCH B56 F 8.'..8 5,12 62.91 n.o ~8. 2 C7/D7F'l 1~/02/79 93.8 ::.,10ng Turror 
D-5 MBD-lUGH 759 0 80 9 6,13 67. 41 1:?. 0 18. 3 12/21/70 :)6/02/05 SJ. 4 Lung T:.11110 r 
P-:i ME:O-lliGR SH ' BO: LE2 72.82 11.0 l "L 4 07/07/71 11/02/79 99.9 t.urg Tumor 
n-s M£C-HIGH 9(1'! " m 1L 7(J '-'. 70 10. 0 ~ ~' 9 ll/1 C/7 J 06/04/81 : l 4. s Lur.g Tumct 
D-5 M£D-HIGH jJ4 ' 9H 5,92 7£.17 l 2. 0 :9.2 11/l0/70 04/Cl/7: 4. 7 s.acrificeC 
:J~5 M£D-!~ :::;fl 739 ' l '>ll 17,1'1 188.&8 8.(: 18.5 ll/10/7:1 C4/Clj7; 4. 7 sacrifk<?ct 
:J-5 MEC-!<~:?11 8J7 " 12SJ [i, 04 !IS .48 14. 5 li?. ~ 07/07/71 (J?/21/17 i 2' s Lung "1\.:mor 
:J-':> f'I':':.C>· 11 tcJ-l IHD ' '" a, 48 9J 'J) 10.5 ; 7 • 4 07 /07/)1 I:l/21/77 75" 5 LUI'l9 '!'Ul'K>t 
D-5 1'1-"J-HlG-H S2D ' 84i ? , 55 94.1] S,O ~ s , 2 0(i/D8/71 06/01/79 95 ,3 Lung 'f\!II'Ot 
H MED-HICP B"i? y 1 1 B 7 ~.33 lOJ.2? ll. s 21.3 H'/Oll/7! 0~/2?/CB 76.5 Lur.g T:llTiOI 
D-5 ME:C-J:ICH sao ? 84J 9,S5 j(1S,00 R ,(I P.a 10/0~/71 U./•14!76 BS. 9 {.t;r:g 'l'U!!:Of 

o-s MI'::J-l!lGIJ Efl9- ? 1~39 !L 9"0 ;c8,9C 10 ,0 :6.0 11/lC/71 C9!2C/79 94,3 :.un<1 T;;:orcr, Osteo;;.rthtD?!Itby 
D-6 SIGil e>C F Jltll :n, 32 344.% 9.C 16,() 11;10/71 C6/13/'4 3-l.l nadlation Pr.i!U:':'IOnitiS 
D-6 !-ltGE 43 s ,. 3&4C ~ 3. 2 s 16'5.7: l(;. s 7$' $ 11/0S/70 l1/}:?/'t8 0. 2 S<lcrificed 
::.-6 rncn 7~3 ' 244!!. 23" 4} 257.68 ? • 18. 5 l:U21/70 1C/C2/76 69,4 L-ung 'fumor "" 

c o-6 ;ncn 906 ' !;6:12 63.46 6$1.1.11 9,: ~ 5 ";! 11/~9171 H/22!72 ~ 2' 5 i'l-<~i.l:i!l.t~on Pne\JJ!Io~ntis. 
w u-6 HICP 9l0 ' :4:Z67 lOL76 1141.~5 12. ~ 1 s." ll/Hl/71 I0/12/?2 lLl RadiJtlon Pn.our.onit;s 

D-6 HICH m ' 3164 23.97 263.t:7 1 2. c 19.2 07/C7/71 03/2£'/-r:< 20.6 Rad1,at:..on Pne,;rnon;,t:s 
u-6 HIGH 629 ' 3~15 :!1.SB no. 3fl 13.0 J 9. 1 ()7/07/7) C9/13/73 26 ,) Padi«l: ion ?neunon:tl<> 
0-6 i!IGH 913 M 490C JS. 54 3n .co 12. 5 17.4 07/l'i/72 CE/18/72 1.0 Silcrificed 
o-6 HIGH &~6 ' 5515 66,85 1J5,H '. 5 Hi ' (\ 11/l0/71 G2/l2/7J. ~ 0,' l Radiation Pra:unoniti ~ 
D··€ !IIGH "' F Hi£ 97. ~9 1068 JQ '7' •) J?,ij 01/20/71 (lj /:3/7 2 ·~ .8 Ri:!dlat ion l'r.ewnonlt:os 

' lndtcates age i' "l:inths firl::t bir~h, ,u othE'r w;>es M~ i:'l -,..,;nthn JiU~~ exvosure. 



DOS£ CliOllP 

CONTROL 
CONTROl 
CON~'ROL 
CCJ!ITROL 
CON':ROL 
CON':'RCL 
CO~':RCL 
CON'fl\01, 
CONTROL 
CCN':'IlOr. 
CONTRCI. 
CONT!i/)!" 
CONTROL 
CO~TPOL 
CON-T!~:Jt 

CCf.:'t!iQL 
CON'l'FO[. 
COt.<TP:OL 
(:C:NT~OL 

CO:tTROL 
COt.;T?OL SACRHlCl: 
CONTROL SAtfUflO: 
CON't'li.OL SACRHl:=-E 
~ONTRJL ~~CPJfrrP 

COt;:'ROL SACIH!'ICE 
CONTRO: SA(RJfJ(L 
{:ONTIWL SACRlFlC£ 
COtf:'P:OL SACfll F l'::f" 

C-1 LOWES':' 
V-l LOWE:ST 
0-1 w..:ss-:-
c-1 ;:,ower:; 
D-] LOh'£:>7 
P-1 LOWEST 
J-l L::IW'ZST 
D-1 1.0(.'£5'1' 
V- J LDW£t;'l 
D-1 Llf,..EGT 
t-1 L::l.4£S':' 
D-1 L?W£ST 
D-1 LJWES'I 
C-1 LOWES': 
l> J ;_ow-:s: 

939 M 
94;1 ? 
976 I'! 
990 l' 
996 f 

l OC5 I'! 
1:!07 ? 
1014 /II 
lO;<S M 
Hl45 .'! 
1054 F 
1C6l ? 
J()93 I'! 
109-7 I! 
11.:;; ~ 
11 ]6 p 
11$6 F 
1197 M 
1209 M 
1215 F 
96( "' 

lCll l' 
lG 13 f 
1 l:fl7 !" 
!He M 
12.21 /II 
1}}:7 l" 
l :(;28 M 
'B8 M 

1003 ).< 

1021 f 
1039 -~ 
104~ f' 
1 c :;c. M 
:oQ:; H 
l1 05 F 
11 9 4 f 
121'\ M 
1 no P. 
9~1 M 

lllC~ M 
1:93 F 

959 M 

Z<lSF-CfF£CT STlJD!ES W!'tH !NB!ILED Pt:-238 ()XlDP. J~ EI!AGLES 

I~l'n.\L A!I!EOI,AR DEPOSI'JI\•N INi-lliLA'I:0!4 EA?0Sl1 Rf 

NC! 

0 
0 
0 
0 ,, 
' ' 0 
0 

" 0 

' ' " ' " ' 0 
0 

' ' ' 0 

' " 0 
0 

' 0 
0 
0 

' ' G 

' ' c 
0 

' 
' ' l 

:1Cl/G 
L:J~lG 

O,OJ 
0,00 
~ 'oc 
0. i){) 
o.oo 
J ,nc 
O,')tl 
0.00 
0 .co 
0 , :n: 
Cl' OJ 
0,00 
8 .CG 
i)' 0~ 
~ • (lO 
D,t(• 
0 ':!() 
C•.OO 
o.co 
0 .JO 
0 .OJ 
o.oo 
0 .Ct• 
0 '~:) 
0,00 
O.OC< 
0. oo 
J. 00 
1), 00 
o. :;c 
0. 03 
c. 00 
c.oo 
Q. OD 
o,no 
0,00 
r) ,co 
J' 00 
C.M 
!). \ii 
0. Ol 
O.Ol 
C.'iZ 

"1-<:::J / 
KG 

o.~o 
c-,on 
J ,CO 
0.00 
c • 0 0 
C.('() 
o.oo 
o.oo 
r .co 
:J.GO 
0. ()('I 
o.oo 
} 'co 
O,CC 
('. 0 0 
0 ,CO 
o.co 
c.oo 
(;. c 0 
o.oc 
0.00 
c' 00 
I).CO 
t.<J() 
0.00 
0.00 
o.oc 
O,DJ 
c .co 
o .cc 
0.00 
(;,QO 
o.cc 
0.00 
o.oo 
o.co 
O.Ot 
0 '('•1 
(l. 0 (j 
0.}4 
0. : s 
c ,lii 
t.12 

li£1GHT l'.G3* 
('KG) L.,O 1 DI\'!'E 

1 0. s 
! 4. 0 
l:i,S 
ll.C 
11. 5 
lJ .~ 
14.5 
10.0 
10. s 
15 .s 
12.5 
14.0 
u.s 
:2' s 
~ 3, s 

l $.6 
;.9.& 
1"9,2 
11 .a 
:7 .Q 
If .ll 
16.7 
16' 4 
l9,i:l 
19. 3 
Hl. 4 
1 ;1.3 
19.6 
19.8 
19.1 

J:/lS/73 
Ol/l'lf7J 
Ol/lil/73 
n;:a;n 
Cl/12/'""13 
tl/lB/7} 
(ll/~S/'71 
OS/}1/73 
f'4/:S/74 
04/18/74 
04/le/74 
12/29/72 
Cl/lllFJ3 
04;18/74 
11/:5/12 

DATE 
0? 

DEA ':'fi 

:::c;cl/€2 

fJ7/CB/79 
C7/0~/64 

G"l/~~/ill 
-~!04/83 

(' 1/ Yl/77 
ilb/01/'lll 
CJ/2)/79 
u;i4/'16 
01/13/7& 
05/15/75 
12/01/16 
10/31:78 

Jl/11/3() 

04/26/77 

Clfi/22/!l4 

MGtlTllS SlNCE 
II'HALA1'10N 

9/30/81 DEi\'IH COI'!~FN':'S ON DEAD DOGS 

<60. 7 .. 
H:.l.6* 

1(01).()* 

lHLO* 
159.5~ 

157. 4" 
157.4* 
:n.P 

152.6* 
152,4* 
152.1* 
145.5* 
145.0" 
144,7" 
14J' 9 ~ 

140.4 
141' 4 
14C,4 
1 4~ • 4 
14:1,4 
140,4 

:36. ~ 
125.4 

~ 4i). 4 
125.4 

97.4* f'yornetta 
157.2~ ?roc~ssing 

118.2• l':al~g;,ar:t Ly:q:ho:na 
142.,4* f'itu1tary 'fU1nor. C.1!lh1n9's 

"l"J.E- S;:~r:tl:"iccd 
BJ.s- .S:tcrlflcil'd 
5-S,ll* Sacdf:!ced 
6C.C* Sacrificed 
47.5 .. S<i<;ttfice6 
Jl,\0>- Sacrificed 
49.9* Sacrifice<i 
'12.9~ SacrificeC 

J&.J Sacrif:ced 

121.9 Anesthetic Death 

0}8.1 FrocessinOJ 



OOSE OROCP 

0-1 LOO£s•_;:· 
1::-l LOWES':' 
;)-: LO'..:t:ST 
D-1 l/%£51' 
D-1 LC»EST 
D-.:_ lCWES:' 
C-1 LOWEST 
0~1 I-0\;251' 
D-1 Lf"fiiE$1' 
D-l LCI-H'S"' 
D-2 LOW 
::·-2 LOW 
D-1 LO'>I 
0-2 LCM 
1:-2 tOW 
;)-2 L0\1< 
D-2 LC>"' 
0-2 LO'X 
D-2 ttl\ 
:::-2 LOI-i 
D-2 !..OW 
D-2 LOW 
D·i LOW 
D-2 1.01~ 
!.l-1 LOW 
D-2 LOW 
0-2 LOW 
D-2 tOW 
;)-2. LOW 
D-2 L:!W 
o- 2 LO\o! 
D-2 lO¥; 
:::-2 LOW 
J)-2 LOW 
D-3 ltli!U>-~Oh' 

D- 3 ifZ:-1-LOW 
D-1 HSD-!.OW 
:J-J MED-LOfi 
D-3 .l!tD-L:Ji<.' 
D-3 }'Of:D-::.ow 
t> J MZD-;,o;.,· 
D-:~ !<!ED-LOW 
P-3 MED-LO"' 

lC69 F 
1C95 ? 

9;!: F 
9:23 1/ 
989 f' 
925 M 

120 4 M 
)7(; I' 
S93 f 

1106 f 
J06S "" 
1.0(12 fo\ 
1186 M 
1084 M 
lCSO ? 
1 ?.22 M 

971 f 
99~ F 

1229 "' 
107{1 M 
12; 4 M 

95') ["\ 
lflJJ M 
10 36 F 
t/16 M 
1060 f 

9f!l ,.._ 
lt46 M 
1 Q5C f 
1C7& f 
1207 f 
1196 f' 
1189 M 

$30 M 
l 066 M 
1089 r
~7~ 1-' 

13lt M 
13!2 ~
l:lll 1-'. 
1a 9 r 
1317 "' 
11 ;a r 

JNlTJA:, ALVfCLAI1 DEPC5!T1Jbl 

2 
2 

' 1 
l 
5 
& 
6 
6 
l 

' ll 
11 
u 
lC 
E 
]3 
ll 
10 
22 
n 
l7 
ll 
16 
13 
22 
JO 
2'1 

NC!/G 
WNC 

0. c: 
c .()2 
f) .03 
J. ?3 
(1. 0 3 
0 '04 
(:.{14 
() ,05 
u' ::~:, 
o, 3S 
c.():. 
t.O!i 
0,06 
0. 07 
~.:>8 
C.lO 
(l, 11 
D.ll 
0.1] 
c ,12 
(). ~;! 
0' 14 
()' 14 
{),14 
C.H 
O.lS 
:).~1 

0 '22 
0. 22 
o.n 
1. 24 
I). 2 s 
0.26 
(I. 21 
::. JJ 
Cl' 31 
0 '33 
{l, 3 4 
0.34 
} • 3 6 
0,4(} 
3 '4i 
IL 43 

0 '24 
~.l'f 
c, :n 
()' 3 5 
[l, 3 2 
0 '40 
0. 4} 
t. s~ 
c • s J 
0 '50 
1.60 
D.69 
c. 71 
0. 76 
;l,SJ 
1.01 
:. 24 
l.; 5 
l.l9 
l,H 
L36 
1.55 
L"iS 
:.52 
1.77 
~ • O(l 
2 • 3; 
2.45 
~.H 
1. 42 
2. 5!'< 
2.f!O 
2.81 
:. 92 
3.H 
3.42 
3. 6 4 
5.72 
}.I~ 

4.00 
C3S 
4 .sc 
4. 71 

1-iflGHT AC,21 
{KGf (W:; DN.n: 

s' 5 
1 c.'; 
lC, 0 
8. ~ 
9.5 

:? . 3 
H.O 
11 ,0 
12.0 
J c. 0 
10.0 
16. c 
l s. 5 
~J.t 
12. c 
t4.0 
t0.5 
9.5 

13, ~ 
1ii. 5 
12. 5 
11 .•) 
!1.0 
J 0. 5 
13.0 
11.0 
u.c 
ll.C 

9. 0 
l £. c 
a.s 

lO.C 
13. s 
1 3 • c 
16.C 
12.0 
l] . 0 
14.5 
1 s. 5 
13. s 
1c.s 
H.O 
1 ~- 5 

1&.1 05/3:/73 
J£,5 rsn~.fo.:: 
15.5 11/Jt/72 
"9,5 :l_nr/72 
;8,8 12!19/72 
19.5 l1/30/7:Z 
17,7 02/26;!4 
l9.~ 12/H/"'2 
~l:l.8 l:'/19/':J 
16.4 \15;3"0/71 
:s,:; os/H/73 
1P ,0 C">/Yl/71 
:13.4 C?/~6/7 ~ 
P.s n~;J>''3 
:7,3 osn:n:. 
1!1,:) 0~/12/74 
:~.2 l2/l9/72 
~8.7 12;19/72 
l£.3 :12;26/H 
lS.~ 05/H/73 
19,3 04;18;14 
l9.2 12/19/7? 
1!1.1 02/22/73 
18.2 02/22/7.1 
19.3" 01/JS/74 
17.$ 02/22/7~ 
l9.J 12/]9!12 
~;f..] 0:2/22/73 
lS.~ OJ/72/71 
18.0 OS/)1/73 
17.6 02/26/~4 
17.'!1 12/26/74 
2J.t 04/i?/74 
1$1.2 11/)017~ 
!8 .3 fl5/31/13 
17 ,J 05/31/B 
~'f.2 12/1"/12 
H!.S 03/04/75 
18.5 (13/04/J:. 
HL 5 01/04/?S 
2J.C )4/18/74 
.:.s.; OJ/C4;75 
17.7 11/06/7? 

DA-:T 
CF 

Pfl\l'H 

06;'24/l\3 

12/21/!2 
o:/26/?:J 
03/ll~/!!l 
02/27/73 

(\J/14/83 

JZ/:)4/79 
f,l/lS/84 

O')J04;B3 

05/2C,/ii4 
12/~1/82 
CS/~2/7':. 

ll/09/$3 

H/ZS/79 
t:<./26/7? 
Cli/21/fL'\ 

0~/01/77 
f !/26/:'9 
G4/0J/7& 

Mf:hTHS SlNCS 
TK!lALA"::":QN 

9/30/!34 r;e;..TH 

13&. 0 

1 4l. 4 

J H.O 

1 J&.C 
13f.O 
1 2 5. ~ 

l 4:. 4 

1 H.4 
139.2 
139,2 
125.4 
13:9.2 
1 H. 4 
U9,2 
1 3 ~. 2 

127 'J 
127. 1 

Uli.ll 
141.4 

125.4 

nc .s 

120' !I 

o.; 
u 

9!1.' 5 
2.9 

48."> 

117' 4 

7 8 .l 
ll1L6 

12 ,B 

(,[I' 2 
n. 9 

121.7 

24.? 
4B.7 
37.0 

COM!1£N'!'S ON DEAD POG£ 

Sacdftctd 
S'il<:riftcl.'d 
Bo:1n Tumo-::, F:brosarcoroa 
Sacr i find 

?ara1ytnz, Spir1.: Co::d o~g<:><. 
M<ttastllt<c Lng Tmr, rnm. rnk 

Fn;;-\Hroni;;o, Thyrotd 'I'urr.cr 
Proc<Ctslng 
S;ocr tfi.::ed 

!o\er,ingloma, rnJJigna<'t 

<;acr i ficed 
S.;.crifice<:l 
Ma.Ctg'lt:1t ':.j<.pl-.orra 

Sucriiict>d 
sacriLced 
S;;;:;uficed 

Sacrificed 



DOSt>EFPfCT S1'UD;FS w.:-rtJ :NhASfD ?tl-238 OXlDf: I> tlf;AGLLS 

1Nl1'1H ALVEOlAR D£I'OSI'l'10N CNBAU.TIO» £XP0SUNE MONl'tJS SlNCZ 
----- ---· ----------- ·- --- ---- --------- -------- -- Old'£ t'l!JALAT!Otl. 

DOG l'CJ/G NCI/ l>iE;ICHT ACE* OY -------------
OJSE GRO':JP LD£N7 tKl L!l~G "' :!<G) {"!0) :JAr£ DE.'< Th !J/JC/1'!4 DE A':':-; COMMENTS " DEAD :lOGS 

----------- -------- ----·---- ------- ------------------------------
D-3 Mf:D-U)W ll€5 • " 0,4} •L 7!":. ~ 6. ~ 17' 3 1.:./M/'lJ ~30.8 

c~J !'lED-LOW 1309 M " 0.44 4,$0 l L •? 1 e. s 03/'J4/!5 1:4,9 
o~l "!ED- LO'""' l318 ' 67 0. 45 4.96 d.5 lfl. : CJ/04/75 0 3/Cf!/!t 1; .2 Sa.::rlficed 
D-3 MED-W,oi '" " 

,, ().50 ~.47 u 19. 2 ll/}0/71 01/25/73 l.B .S<~cdficEd 
D~3 Mt>n-Lt:+< 1316 • "' 0.53 s '79 u.s HL1 C3/04/7S 1H.9 
D-3 lite-LOW 96C M £8 J. 54 5,!H 1:.s 19.2 }2/19/12 ll/C7tll0 94.6 Malignant L}'ll:lpholi:>a 
D-J Mr:D-t.-OW 10?2 M " tl.54 s. 94 lC' 5 Hl.l 05/}1/73 tl9/22/IJJ 12 3. 7 Delayecl Radiatio:'l Pnel.l!'>onitis 
D-·3 l'ltiJ-;..~lW 1190 ' 71 0.54 5. 92 1.?.0 HLl 02/26/74 127.1 
[J-3 !I!BQ-LOW 92>5 H 75 c.ss 6. :l 0 12 .s 1 ~.:: 11/30/72 02/2B/73 7.0 Sat:ifited 
r-3 M£P-LOl<l 1315 H 90 0,55 6.00 1 5 • (l liLl 03/C417S 0)/Jl/'!7 ;14.9 Sacritic"'d 
c-3 Mw-::,ow "' H 76 0,58 6. )3 12,0 19,0 11/29!72 14:.4 
0-l "!£;)-LOW 1C4C • 84 (), 61 ~. 72 :2.5 18 .2 Of/22/71 03/C4ii.ll 96' 3 l';uathyrold Adene"'a 
D-l MtV-LO',.. lOSS ' 71 0.65 7.10 lO ,0 : 7. 8 0:1-/~2/73 08/08/BJ 125.5 Maliqnant Lyll'pho~ta 

;;;-} "ED-:.ow uu H " 0,£7 7.B l!.S lB.] 03/04/75 03/09/76 : 2. 2 S«crificed 
D"3 M£r--.sow 1108 r 84 (l' 69 7. 6 t; l: .c 16 '4 05/H/73 lJ{;. c 
D-3 M£D-LOW lCUO f " (), 71 1,1a '.o 1S,7 12/19-/'12 1 41 • 4 
>) MED-:.GH 1056 y " 0. 71 7,76 1~.5 17.9 02/22/73 l 39.2 
n~J ME:O-LOW lot 4 H 116 0. 7j 6.·3:l H.5 19. (i 01/lB/H H0,4 

0 n~3 MLD-LOW 1026 " lH 0. 7S f. 59 13.5 i-9. 2 Cl/1$/73 140 •• 
~ 

0~3 M£D -LOW 1C 43 f " 0 .tl9 9.SO lC .c l!:i ' :: 02/~2/73 ~9/2~/81 102' 9 Empyema, F. T,, Cushin')'S 
0-) "'EJ-LrTtl 1DJ1 f " :'1.92 l 0.13 7.5 19.1 02/22/13 OS/04JS4 134' 3 Procuosinq 
D~J MED~LtY# Ul2 ' l1) l. ~ 9 13' 06 8 '5 11.6 C:U26/74 1 n.: 
::-4 !o'EDll:l'l 11'16 H "' O,!P !!. SE 1J .5 15' 5 10/06/7 3 131.6 
D-4 f.l£DILIM 1221 r 124 !.13 12.40 10 .o H.O 04/18/H 12$.4 
D-4 !'ED!;;)'! 1 I '15 r 228 l. 38 l S.20 l5.0 ~8 .l CU/.b/14 12 7.: 
:0-4 ~.£Dlt:l'\ 10 32 ' 162 1. 40 lS ,4:> JC.'i. 16,3 n;:w;n 12/1~-!72 0. 3 S>!<.rlftce<.l 
D· 4 MED1UM 1053 r "' ! . 42 : ~, SB 9. 5 17.9 02/22/7! 1 H.2 
D~4 MP:bi:rM 991 • m 1.69 l7 .65 ll. 5 B.6 Cl/111/73 140.4 ,_. ~EDH!l'l 9Sl r 194 1,7( 19.4( lC.O lB .8 12/19/72 06/20/83 12:6. () D:lr.ary Shdder ' ovari'l-n T" 
D-4 f.\EDIUH 1177 • 262 1. 75 19. 41 lJ' s 16,6 11/06/13 13tLB: 
n~< MEb!Il!' 932 m : • 7 \l :9.6 4 ll. c 19,1 11/30/7.<' Cl/2!:>/H l.S sac.:: if iced 
D~4 M£1Jllfl ll 0 3 ' '" J.Bt> 20.80 12. 5 14.5 0),'31/72 04/(>8/83 ua .2 Ilene 'i'c:mor, Lur;; n:na:Jt 
D-4 fl:tiHliM 9:7} ' m 2. 2 4 24.64 11.0 19.2 12/19/72 l 41 '4 
D-4 MEDI::M 931 l 2B9 2 • .19 Z6, 27 11. c 19 .l ll/30/72 12!28/7.? o. 9 S!lcr;fi<.et;l 
C-4 .I'EDlCI'\ 1091 y 243 2,5() 2B. S9 s. 5 ~ 7 .3 (IS/Jl/7 3 136,0 
n~< JIEDHIM 1114 ' 430 2' 70 29.66 14.5 16' 4 os;:n;73 136.0 
D-4 ~EtlirM 106 ~ ' 43'5 2.;<3 :,; .22 11' ~ 1? . 8 02/22/7 3 OS/30/84 135.2 P(<~<.:essing 

D~4 MEOW !'I '" ' 4~4 ] • 06 33.0 13. 5 H.l 11/30/72 01/0l/7) J. 0 SacrH1cecl 
D-4 11Et:IIJM lflBl M 541 3.0~ 33.61 16,0 16 .o OS/Jl/71 01; :8/!l.O 79.6 ~em?ngiouarco~~. IJP{! ~ t 

D~< •:EDl':M lCJC D 340 L2.5 3S..79 9 D 1'!,1 fJ?/22/7 3 04/H/B3 121.7 PFle'<ltDn1il, R,d, Poeunu'>}tis 
=--4 .O:EDILI'\ 1196 M 53$ 3.5(} 3!\. ~0 H.O :7.9 OZ/?6/74 LF.l 
o~• tlE:';l\JM $";2 ,. 365 3.59 4C. 56 9.:1 19.2 l2/19/72 06/03/€3 125.4 £one 1'um<>r 
D-< MEDI:;I'! 1H6 M £73 4 '(!8 44.87 15' () 17 ,) ll/06/7} 06/23/lH 127.~ PtOCC!.iSi:tg 

• fmlicates &ge " not.ti•~ sln:::e birth, ~li cthBr "''-' "'" C!TI' i-. r>('ntt-·:: <;;j~::;"C cxp<:!"-L n•, 



POSY:- ~ffECT STt"fll f.S lo,'lTJ:i HlHALt:D nr~21S OXJC!o: " au.cu:s 

lNTTlAL ALVEOLAR DEPGS!TtON TNHALA'l'fCN LX?O~l'.?2 MON'nlS SJN('£: 

----~---------------------- ------------------- DATE INflf<LfoTlON 
DOG f!Cl/G :-:c1 1 W£1GHT !<GE~ Of -------

DOSS GPOFP IIH ;i'J' S('J Lt:N:i 11C !YG; 1~0; :))';1'2 Df.A'::'F 9/~0/8<1. JEA::'E COMMENTS 8N JEhD D%S 
---~ ... --------- ---·----- -------- --------------------------------
o~4 Mt:LH'M 122C F s.:.s 4,28 47.09 11.0 l9 .0 04/18/74 125 .4 
n~4 MEDllJJII "' >' sss 4. 39 4B .26 11. =· 18.8 12/19/72 ()7/26/84 139.2 Pr~·te£Bin.g 
D--4 MBDH;JII 963 M 617 4. 67 51.42 12.0 19.0 12/19/72 12/29!B3 1U,3 Prrcoszing 
n-5 MED-IHGH 116() F 1144 lC.lS 112.00 12,0 17.3 11/C6/i:1 09/2.2/S! 94,5 Bone ':'U!l'Dt, Lung Tt.:.mor 
b-S Mt:b-II!GH 1211 M 1764 11.06 121.66 J 4 --~ l 7 < 6 ~2/76/74 05!17/82 98.€ Bone Tti~Ot 
o-s MtU-!-HG4 Jtl9G r 1476 l:<.:tc 134.18 J 1.0 lfi .6 J~/31/?3- 05/CS/78 59.2 ACe~soo's Disease 
D-3 MED-HIGll 12Hl F liHl 1;;. 95 142. 5C 12.0 17.3 02/26/74 04/24/Bl &5. <) EN1& Te~vur 
D~5 Y:CD-H!CH 1092 M 1S4ll 12.44 l47,fU 11. 5 17.3 i})/3!/73 lC/2J/7il 64.8 B:Jre TJ.:tror 
n~s ~ED-HIGH J0;17 • 2i4ll B.9; 15J.4J 14 .Q l <f. 2 01/Hl/73 12/0l/78 7().4 8ont- Tumor, hln9 Tumor 
D-S MtD-l!!GH 1191 r 591 4.48 49,25 12.0 19.13 04/18/74 0)/21!7? J5.1 l'1bHSt1tEI1 Pneumonitts 
P-5 Mt:D-fl!(;H 1151 ' 700 4.. 71 51.85 13.5 :T.7 ll/05/73- 01/CZ!iH 12J.il none 'I\11'10( 
::-s JII£L-ll:GH lJlS F :se:. 14.90 10.91 11.5 :5.1 (>5/31/7 j: J7/l1/7f 6LJ ?one '1\mor 
P-5 Ml>l>-H:GU IOJ~ F 571 5. 46 50.11 9. 5 :8.2 02/22/':1} 13/C4/24 :3~.3 ?rc<.:>J5t~ng 
!>-~ MBD-lJ:GH 974 F :.Hs 15.62 ~ 7LS:l 1C ,G 20.2 0~/18/i.> 05;24/73 64. t Bone ':'c.nor 
&-5 M2:>-fllGH 1079 M 2:6 2J 15.88 '.74.67 15." 1R .G 0:0/31/i!l 02:/12178 56.4 Addison's, Disease, G, r. ::'c.mo 
o~s MBrHHGH 1058 F 1907 J 6. 51 18:1,62 10.5 17.8 OZ/V/7 J 11; 01; j~ 1;[0. 3 Hone TOJWOr 1 Jl.drenal Tumo-r 
o~s MED-HIGl-1 1192 F 754 6. 53 71.81 10.5 18 .l 02/26/74 03/29/83 109,0 none Tumor 
n~s MED--HIGH 1140 ' 1014 6.58 72.43 14.0 ]8. 2 ll/OG/73 12/14/Bl ;n. i Bone 'l'umor 

0 P-5 M£0-fliGH 107) • 126 9 6.79 74.6 5 li.D 1 8 .1 05/31/7} 01/09/t<J 91.3 Hone T'.l!IIOt, LUll';! rum::>:::: ~ 

D~5 ,...f:tH!!CH 117 3 • 132.3 ']. !~ 1}5,25 11.0 1",'.3 l]/06!71 O:l/C9/il2 S9.~ Ucno 'Iun>.or 
D-5 ~EtHHCI'. 11 IB " 1125 8.52 9.1" 15 12.0 H.€ J 1/06/73 !H;OE/il3 lJ o.c l:!Ct:<;! 'ICJn-.cr , L!::lg :'~.;no:::: 
p~, !'.1:0-:0HGE lf.47 M "' l!.€: 94.H 9. 5 18.1 n;::::un 10/05/82 115.4 vert:et>rt~l Disk !le:r;i;n::ton 
D-5 Y.E!HUCH: 1109 r 11} 9 8.65 '}i,Jfl 11.5 16.4 OS/Jl/73 0!1!06/8{) B6,? Pone ' Luns 'Iumot, Addi-son's 
P~6 EIG!l 111;;2 ? 6959 70.29 77J,n '.c 17. 3 11/06/7 J 11/H/78 Gl. 4 J10I1B '!umcr, Addi<icn's CtetWSE 
P--6 HtGU 1057 M 3-1H ?D.% 230.fll 13.5 17.9 02/12/73 OJ/01/79 71.4 R<mn 'rumor 
o~6 !llGH '" r 3453 Jl. 39 345' 31) lD.O 19.6 Dl/Hl/13 ()1/0?i76 41.5 AddiSOG 1S Dl.S!OZ!S<e 
o~s !ltGH }1){)6 r 3810 31,49 3<15.36 1] ,() lS.6 J:jlil/7~ Ol/18/79 72,() B;;;r;e ':"umor, Lung •rutr:or 
D~f ll ten 1064 ' 9453 63.66 700.27 1:.5- Hi. 7 J:./18/7) 04/HfTl so .e Bene ';'c;roor, :.cr:g T;~:ror 

D~' lllGf1 1143 • 15'11 53.78 591,62. 13 .c 18.2 L/G6/7J lJ/CS-/77 49. c none Currer, :..~:n.g Tilrr.cr 
n~• ll!CH 1C3) • 4354 44.1~ 495.40 1C .c IS.~ CIZ/~2/"!3 11;21/!B 61!. 9- Boot TU!l'.Or 
D-6 UIGH 117 s ' 6-701 7 5,16 Sl5.8C 7 .5 16.6 ll/06/7} 02/2?/78 51. E Lung 't'umor 
D-6 !llGH 97_", F J968 3-6.07 J%.80 10,0 20.2 Ol/1B/1J 07/25/iB 66. (. Done Tumor, Lung 'l'l.lmor 
D~6 HIGH J.O () 9 ' 3630 26.40 290. 4() 11. 5 19.6 01/18/73 04/0l/7.8 62.. 4 Lung TUI\10!, osteo~rthropathy 
u--6 HIGH 1()25 M e 479 s/ .lD 628.07 l J. 5 19.2 lll/lB/73 03/17/77 49.9 Lung 'f'.llfOf 
o~s HlGH 10 42 F 295:9 28.32 :;!11.47 9. 5 18.~ 02FV/73 11/:0/78 GB ,6 Hor.e TJrr.or, LUTl<j Tunor 
D~f !UGH 1002 ' 2907 :S.SE 207.1;4 14,0 19.6 01/Hl/73- Cl/21/~0 84.:. BoriC T.Jmor, LU!l<J ::'>.:r.aH 

• tndlcat!!t age :r rrcnth;, eir.to;- b; t th, •ll ether 119es Me "' r.>onths sine<" expotwre, 



)"NHALED PLll'TONIUM Sl':'PATF. '" oocs 

fiGTihL ,\!.VEOLAR Df:?OSlTION INHALATION EXPOSOR£ MONTHS Elh'CE 

~-------------------------- --------·--~~----- DA'If: lNIIJ..LA'f!CN 
ooc NC:/C NCI/ lolEIGH':' AGE~ Cf --------------

:::CSE: GR:JUF 10£1-i': NCT t.ONG KC (l!G) (MG) DA7F DEATH !f/JO/S4 DE ... Til COMMENTS ON DEAD 00G' ----- ·-- -------- ~-----------------------------

CONTROL 1356 M c 0.00 0 .;)() U:4. ?~ 
CON'fROL :365 M 0 0. (l{j O.OJ 124.6* 
CON'1PCL 1376 ' ' li,OO 1},(){) 05/.:1/RC 7o.s• ftUHHI'IOJ'll.l> 
CONTROL 1388 M c C.CO o.oo 09/l.:./lll !l6,7• Sacrificed 
CON'1P:OL l391 M 0 o.oc 0 .oo 123, , .. 
CONTROL 14:.15 M 0 o.oo 0.00 09/13/84 121,3* Pracessin9 
CON'!'FOL 2409 M 0 0 .00 C.C>O 122.s~ 

CON'!"ROL 141!:1 M 0 0. 0() 0 .co 122. :;• 
CON'rHOL 1425 M ' c.oo ~.co 08/0;1/82 96. s• S~a.tus f:pJ.leptlCU$ 
C:JNTROL 1450 r c (LOG 0.();1 ll/C4/8l 8 7. 4* Sacrificed 
CONTROL 1455 ' 0 o.oo 0. () ~ l2l.9* 
CONTROL l4SJ r 0 c.co c .00 120.9'* 
CO~!TFOL 1509 M 0 G .CO 0.00 ~21)' 1" 
CON'l'FOL :516 F 0 0. 00 0 .co 119. \1" 
CONTROL 1525 ' 0 c.oo J,()() ::9. 6" 
CONTROL l S26 ' 0 o.cc 0,"31 ll9.S" 
CON'l'fiDL l52U F 0 IJ.OC 0 .DO 119':" 
CONTF_OL 1543 M 0 t.CO c.oo :1!l.9* 

0 CONTROL 156 3 ' ' c .co c. co 1oe.s• 
~ 

CONTROL :572 F 0 0. 00 J,GC lC'lL 7~ 
CON'fRQL, l 577 • 0 c .co ::o.oc 108.7~ 

CON'tiKtL 1 SS4 ' ' c .oo <J.OJ :ca.6~ 

CONTROL l5'H ' 0 o.no 0,0\l 1Cf!.6* 
CONTROL HC!i M 0 I.'. CO c.ao ! OS. 4 * 
CON'l'POL ) 6 ') r 0 o.cc ('.co 1C: .$~ 
CONTPOL • t:JU ' 0 () .oc ().co lOL3* 
VEHICLE! :361 " c c.oo (1,00 6,5 2LO 02/B/76 10 3.6 
VfBlCLt: Bill ' ' o.oc D.OD a ,., 19 '8 0?/13/76 10.6 
V£HICLS Dn M ' o.co O.QD LLO 22.0 04/2.2/7& lOLl 
VEH lCL£ 1406 M 0 (.0(1 c. 00 1J. ~ 2:,6 04/U/76 101.3 
V£H1CLC 141:2 F ' 0 .co C. GC 9.0 19.0 02/~3/76 10.6 
VEHlCLC :421 • n 0.00 o.oc l3 .c 23 ,) 06/23/76 99,) 
VEHICLE lll57 F n G. Oil o.oc 1 ~ ,0 2{).6 04/21/76 101,3 
vternr 1491 ' 0 o.oo o.co 8.0 21.6 06/23/76 9 9 • 3 
VffllCL£ 1504 ' 0 0.00 0. co lC.O 20.9 C6/2}/76 91. 3 
V£fllCL£ 1514 " 0 c .co c.oo 1-4. (l ;.u. 9 06/2J/76 !lll/06/82 7 3' 4 Malignant Lympho~a 
VEHICLE l 524 " 0 0,()() c .00 l7 .0 2] '5o 07 /}.7 /76 9!.1.1 
VEEICLE :531 ' 0 0 ,CO o.oc "' .20.9 07/1.7/"16 98,1 
VEF!CJ,t; 1542 ' 0 0.00 0.00 12 .o 20.? (17/27/76 9$ .1 
V£11!ct E 1566 ' 0 C .:Hl c.co :._4. 0 18.3 03/15/"17 90' 5 
VUliCLE 157S M 0 (1.00 o.oc 1 o. 5 1A.2 03/15/77 \10.5 
VEH !CLf. 1593 p 0 0.()0 0.00 l LO Hl.O 03/15/77 90.5 
VElllCL£ 1601 ' ' 0,0{) 0' :)(] 8 • 5 liLt 03/15/77 9:• • 5 

• Jndi:::at<i'5 li"j€ " !tenth~ sin:r birtl:, ,11 oth.r>r 4S"?S m 11": rrnnthB ~Jn::r (''l"p'">SHrF, 



INHALED ?LUWJH01'1 t>l'TRAT£ w JA.-"'\GS 

TN:TiAL l\L'l£0Ll\R DEPQST'OON WHM,ATTON EXPOSURE I'IONTil:S SINCE 
-~· ''" ··~~---- --------------- --- ---------------·· Di\TE INHALATION 

oo;:; NCI/G tiC!/ WCIGHT AGF.• OF 
DOSE G?OUF ID£t<T 'Cl r,n.'G R'' " (KG) f~O) 2t.TE nc.v:-11 9/}0j84 DEA'fll CCfH\fN':"£ C!< DEAD ::ccs 

--------------- ---~---- -------- ------- --~---------------------------

VEfJICLE 1620 • 0 0,00 (),(1() 11. G 21.1 lUOl/"17 82.0 
VEHICLE 1634 ' 0 0.00 0.00 10.5 19.6 12/01/77 82.0 
VEIHCLE 1651 " 0 0,00 0 '00 11.0 19 .2; l2:/0li77 82.0 

D-1 LOWEST 1416 • 0 0. 00 0 '(JQ 12 .o 22 '1 05/20i76 lOC.4 
P-1 LOWesT 1458 !' " 0.00 Cl, (10 10.5 21 '5 0 5/2.D/71i 10t.4 
P-1 LCWEST 1489 f' 0 ()' 30 0 'oc u 2:1 .5 05/2·3j76 38;C4/B4 913.5 Procl;lS!O:i~o; 
Ll-l LOWes-: 1501 • 0 c. 30 o.oc 14.[ 23.4 05/20176 ~1/CJ/lH 91.5 ThytoiC ':'l:tl01:" 
D-1 lk'WEST 1515 M p C .GO JJ.QC l.L5 19.8 05/2:Ji76 IC0.4 
D-1 LO'!?EST 1573 M p C.GO 0.00 ll .s 19.4 04/19i77 89.4 
D-1 LOWEST 1 S81 M p 0,00 0,()(] 16,5 B.3 04/1$/77 39.4 
0-l !.OW EST 1596 M 0 0.00 o.no l4,(l 19.2 04jl9/77 89.4 
D-1 l.OWtST 1600 F l O.Ol iLH ll. (l 19.2 04/1 '1/71 89.4 
D-1 !.CW£51' Hi OJ ' 

, O.Ol {',12 14' 0 19.2 C4/l9/77 89.4 
C-1 ;,OW£ST ~ 339 r 2 0,02 0' 22 9.0 :7' 5 !C/16/7~ /13;7::. 

' ' 9 
S11cr:ficed 

0-1 :.er..EH 1519 • , !L02 (',Jij 12' ~ 2 9'.., CS/20/76 1CC.4 
0-1 LOVf£$1' 1570 F 2 !l.02 0 .l(l lV.O .: !I' 4 04JH/n 89.4 
0-l l.OW£S1' 146~ F 4 0.0) O,J5 12 .o 21.0 05/20/76 100.4 
D-1 LOWEST 1470 !' ' u .03 0. 29 10.5 21.0 05/20!76 04/09/84 94 '7 Mcnin9iDmil - D-1 LOWEST 1507 ' 4 0 .OJ 0 '32 14.0 19,8 D5/2D/76 100.4 Q 

~ D-1 LOWf.:S't nilL ,. 4 (l,(l) 0. 29 13.5 19' 2 C4/l9j7l' 89' 4, 
0-1 LOWEST 1607 H ' (), ~3 0.)5 13 .c 19';) 04/19j77 1!9.4 
o-: LOWES':' 1335 H ' C.H 0.42 1l. 5 16 .o .:_o/15/7'> ll/J.Jj7S 

0 '' 
Sanifi:::ed 

0-l t/iW:esT J4BJ ,. 
' G, 34 (!.46 n.c 2:l. 5 05/ZOF'€ 100.4 

o-: tJ':JWES'T lSSJ F 4 D.:l4 0.4(; 9. 5 19.2 04/19/7 7 89.4 
0-l LOWEST 1351 H 7 C.06 \L61 JLO l7. 2 10/l£/7" 11/13/75 0,9 s:wr if ic>:>d 
C-1 kC'WEP't l5{>5 f' ' 0,06 0.67 11 .s 29.4 04/19/17 fl9.4 
G-1 ww l~lJ M 0 0.00 o.co 11.5 :9.8 05j20/16 lOC.4 
o-2: LOW 152:(1 H l {),01 :l,l2 l 0' 5 :9' s 05/20/76 lOC.4 
::t-2 ww 1415 • 7 0.02 0' 20 ll. 5 22.2 CS/20/76 ICC .4 
:J-2 LOW 1575 M J 0.02 0,1 ~ 14.0 :9' 4 c 4/~ 9/17 99' 4 
:J-2 LOW 1466 f ; 0.03 :),)7 ]4 .0 2! .o CS/C0/76 lCC. 4 
D-l 1,0\ii HC!i f ; 0,04 0' 42: 12' 5 19' 0 0 4/l'J/77 89' 4 
0-2 LOW 1579 M s 0.05 Cl. S9 J 4.0 19' 3 04/19/77 !19' 4 
D-2 LON J 5~0 f' f 0 ,05 0.51 u.o 19' 2 04/l9j77 89.4 
0-2 LOW 1585 f 8 0 .D6 0 '6$ 12. c 19.2 04/19/77 ll9. 4 
n-2 LOO l5Sfl ,, 

' !.\.07 o. a? ll.C l <;' 3 04/19/77 89.4 
P-2 LOW 1sn ' )) (J ,(l? 0. 7€ 15.0 19.2 04/19/77 89.4 
0-l LOW 1411 ' ll C.{lfl 0,89 12 .c 22 .l 05/20/71/ 1C0,4 
D-2 Lew l42J M " c .oa 0.87 ll.IJ 22 .l 05/2017€ 1CO. 4 
D-2 LOM 15£7 ' lC C.O& C.SJ 12.() H.4 04/19/77 89.4 
0-2 ""' 1472 7 10 (),09 l ,!)1 li.i.C 21 ,() 05/20/7£ 100.4 
0-l LDW 150J F ' 0,09 l.QJ s' 5 l9.S 05j20j76 lC0.4 
D-2 '""' 1602 ' l5 0.09 :.OJ 14,5 19.2 C4jl9/77 89.4 

• :ndicates 'ge '·' :n1.mths tdnee :cirth, oll ot:>'l'f l!get. m :I\ :nc:1tts SH\ee ('l';f:OSI: ttl. 



!!><HALED ?LtlTONIUM NlTRATF lR OOG$ 

Ild'f:AL ftLVEGLM: DI::POSi:l':GN H."HALATJON EXPOSURE !'..CNTHS SINCE 
~-- ·-~ -~~-- ----------------- -------------~------ PAn: INf:IALA'r:!"O!' 

DOG :sn /<: tlCI/ W?:li;P':' .>,GE" GC ----------~--

DOse Cl<OUF iDO:NT NCI LUNG KG \f:Gl :Mol :CATf :JEI\ T!! 9/30/&4 DEATfl (O!'iMENTS '" .:::tAt IX.:!GS ----------- ··- -- -------- ···------- ------·· ------------------------· 
0-2 LOW 148 4 ' l1 O.Hl Lil6 lC.C 20.5 CS/:20/76 1CC.4 
D-2 L:JW 1~99 ' lO i} .10 1.14 9.[ 19.2 04/19/77 8 9. 4 
n-;> j.:)",V 14$C ' " 0.15 1.6) 9 .s :IlLS ll'>/20/76 _'._()0,4 
o-2 /'lED-LOW l33E " '" 0 -~ 4 1,;',2 13.5 a,n 1C/:6/75 l:/1?/75 0.9 SacrifJ.Ced ,_.,. 
G-3 MEO-:.GW 1341 ' 19 &.:E l. 78 I 0. 5 li .z lG/lE/!5 ll/:}/75 (}. "f Sacrificl\id 
D-3 MED<.C\>1 1605 y 25 {i. 20 2 .19 H,S 17, B 0/1'>/F 01/24/82 50.3 Sacrificed 
D-l HED-Ul'W 1386 " 34 (l' 2: 2. )6 14. ~ 22.0 C4/20/76 lt:l.4 
D-3 t'i80-.LOW 1339 ' 27 J '2:1 2. 54 Hl,S 2::.9 C4/20/7f· 05/04/76 n. s S;;crHicEd 
D-3 MED-LOW 1413 ' 2:9 3 '24 2.!38 11 '0 H .2 01/20/7& :14' 3 
D-3 M£1>-LW 14 45 ' " G. 24 2.50 u.c 21.0 04/2('/76 05/C5/?6 o.; Sa>:tHicerl 
D- 3 MED-J_.DW 1S6B _, 

" 0 '29 :LJ7 14.5 1&. 3 03/l ~/77 90 '5 
D-3 ~ED-LOI' 159-5 ' 5C 0. 29 1.23 }:.,5 :e .c 03/15/77 90.5 
D-3 ~-ED-LOW 1390 " 4l o. 30 j, 29 l3. 0 2: ·' 04/20/76 0'}JI)4/!6 D • S Slilc! iii red 
>·3 i":ED-lOH 1 )91 " 54 o. )Q 3 '26 J.6. 5 2: '9 04/20/76 lCl.•l 
::-2 M£0-LCIII 1587 " 52 0. Jl 3. 4(1 :., . ~ HL1 03/lS/77 If() • 5 
D-~ XED-LOW 1359 H SD O.H 3 '57 14' 0 20.2 Ol/2017f 01/;>3/76 0.3 Sac:-;.fjc(l{l 
D-3 ME!:l-LOW 1540 K " (),J;) 3. 51 l s' s 2 0 • 7 07/?7/75 51:1.3 
0-3 f"'E:l-LOW ] .144 y 41 o,n J-.60 11.5 l7 .2 l~/lti/7:- ll/14/75 1.0 Sac r 1 t ~c!!d 
0-3 f'IP.C-LOW 1589 ' 41 1 '34 }. 7 5 ll . (I 18 .a 03/l5/77 J6/Cil/B2 62 .13 Sacrific~d, Lung ':t'J:rer 

= C-3 f'IED--LO'Ii 15138 ' " 0.35 J.!!? :2.5 1 B .l 03/15/77 0)/22/7(! 12.2 Sacrtficed 
D-3 MED-LO',.' 1529 ' 4l 0. 37 4.0C ~ J. 5 20.8 07/22/7£ 10/19/76 

2 ·' 
Sacrificed 

D-3 !'ED-t.CW 1574 ' 46 0.38 4.21 ll. J lfl.2 (n/15/77 90.5 
0-3 !'ED-LOW 137:. F StJ 0. 40 4.15 11.5 19.1 01!20/76 Jl/2J/7f Q.l Sacrificed 
D-3 MED-LOO 1564 ' 40 ('. 40 4.44 J.O Hi.} 03/15/7) 03!21)/78 12,2 Sacrificed 
D-3 Mrn-tow 14H ,. 

'" (' • 4-l 4.5:) !1.0 21.!} 04/21/76 ~CL 4 
C>-J MEO-fOW HB ? 53 0.42 4.61 J1. 5- 21.C 04/20/16 Hll. 4 
D-l ME'-l-lOW 1523 F ,, 

i)' 41 4.60 11,0 21.3 :l?/22/16 98') 
D-3 M£:;'1-LOW BJS H " ) '.;::, 4. 99 13 .I; 20. i Oi/:.':2/?G :c/20/it 3,0 Sacrit teed 
o-3 M£::2-LCW UBC ' 63 ~ '46 5 ,1}6 " < ;. £. J 19.1 OJ /2ll/76 104.3 
D-3 HEC-LOW 1407 ' 50 o.~: )-.56 9,0 ! !L5 01/20/7€ (ll/23/76 0.1 Sllcritlced 
D-3 HED-LOW 156 9 F Sfl 0,53 5,82 ;o.c 1!;,2 I)J/15!77 sv.s 
D 3 1'\ED-!.OW l ~76 M 7C 0.53 $,$6 l 2 ,() l!Ll 0:1/15/77 03/17/82 60.1 Sacri!jced 
D-3 MED M L.O'fi 1 ~-8 2 ' " o.s4 s. 96 9. 5 1!!.1 C!/15/71 90.5 
D-3 M£0-!..0W 1 ~71 ' " c. 57 <:;. 22 ll '0 UL2 CJ/~ S/77 C3/ 2:1/7!1 12.2 Sactifict~C 
:0-J xrn-tow 1427 i:' 6S G .6 2 {.81 1G .I} 21 ,1 04/20/76 101 '4 
D-3 MED-LCh" 1527 ' 7B 0. "): 7,78 lG .c 21 • 3 •J"I //2/7$ lfl/18;76 2. 9 S1>cr:fice.;l ,_, 1'11\D-tOW 063 " 85 O.H 8 .c 9 liJ.S 2 0 • 2 Ol/20/75 J 04.} 
n·<~ ME;J-LOW l6C4 ' " 0.74 8 .lD 10.5 ]p;. 0 OJ/1 S/Tt 90.5 
:J-3 Me::>-.tDW 15J(l F , ' 

" (•. 76 6. 41 
'· 5 

20's: 07/22/76 9iL1 
o-3 MEC-LOW 115€ ' " (1.79 i3.6a: 7,() 20.5 04/20/76 l0L4 
D·3 ME D-UM 1">98 y 91 1.C6 11.6:. 8.0 H\,:l 03/15/77 OJ/l0/i32 59 .a S(lc::-~ficed 

c-2 1'\EDMUJW 14::.2 ' " 1.12 U.JS 8 ,0 lS.l Gl/20/76 10 4. 3 
D-4 I'IED!UM l6J7 " .: 92 1.45 1 )3;- 12. /) llt.9 ll/07/77 82 .8 

• Inci:catE<lJ <oge '~ months njnce birth, il ~ 1 othEr ages flU: in JHJntt,e eir.C(· cxpnH:re. 



JNI!l\Lf:O PLUT!J~ l C M NlTRAT£ " :COGS 

!Nl'l"lA;, ALVEOL!i.P DLPOS::TlON ; >.:HALATlCN SXPOSUHE MONTHS SlNCE 

---------~------- --~-------- ----------- ·--------- DATE INHALI''-TTON 
DOG NC!/G NCl/ "'EIG;JT A-GE~ OF ---------

''"' CROUP WENT NCl LUNG '0 n:c; (MO) :::iATE DE/I'l'tl 1/1fJ/S4 D!:/\T\1 C'OMM:ONTS '" DEAD DOGS 

------------- -------- -----~~- -------- ----------- ----------- ~~--------

D-4 ~f.DlOM 1.4:14 " '" 1.48- 16.25 1 fi. 0 21.5 C4/20/76 02/HJ/&4 9). 5 Fl<:uritit 
D-4 ~EOIUM 1::;21 F 205 1.49 16.37 12.5 21.3 G?/2~/76 '11!.) 
D-4 V.EPlU)IJ 16 56 M 211 I. Cl4 16.% 12.5 l!L4 !1/07/77 at-a 
D-< M:EDTliM 1379 " 278 1. 74 1$.16 ! ~. 5 19,1 Cl/20/76 lC 4.1 
D-4 MEDII,t" 1362 ' 267 1.87 20. s.:. 13.0 20' 2 01/20/76 1CL3 
D-4 MEO-::UM 109 F 248 2 .0 5 22. S7 1.:_ .o :e, 5 11/07/77 !!2.8 
n-• Mlm:uM 1647 M 294 2.05 22 ,S6 lJ.C :a. s H/17/77 82.8 
D-4 t'!EDil:!'l J64C M -307 ::.06 22.71 13.5 ~8. 5 :1/07/77 C-1/2D/B4 ·; 6. 4 Lung ':'umor 
D--4 l>lf:DIL!'t 1645 F 257 2 .13. 23.39 lLC 18 '5 :1;07/17 !i2 .o 
>4 M£Dit:~ 1534 M 295 2.14 ~~ ·-

~~·"' 12 .5 20.fl CJ/2?/71\ ;lfJ.J 
r;-4 ~f.DlUM 14:4 f 233 2.33 ~5.86 "" liL2 iH/ZC/16 IG4. 3 
D-4 I':ED!l!/1 Hl!l t 277 ;:. • 40 26.36 10. 5 20.3 11/07/7'1 112 ,8 
D-4 I'IED1U~. 1365 ' 37 3 2. 42 26.63 14. () 19 .o Cl/20/76 Ci/11J&4 101.7 Bone '1'>;!1'1\H, L.mg TumtH 
t-4 M:EOIUM HOB f 3)1 2 .62 :.:c.n ll. 5 l$.5 Cl/20/76 10112/RJ 92.7 Bone ':umot 
D-4 I'IED:U"l 1428 f 3'1 s 3.:, 2 34 • .J!J lLO 21.1 04/20/7& 101.4 
D-4 MBDiUM 153!> F H5 3.:3 34.48 10.0 20.7 07/22/75 9€'.3 
D-4 Mf:N';I'! 1-44€- f 3~4 3.22 JS, 40 lO.C n.o D<l-/20/75 101' 4 
[)·-4 MEDIDM 136 4 ' 46] .1.24 35. 6~ lLC 2tJ. 2 tll/20/7& Cllf02/94 102.4 l>roce:::s.:.ng 
:J-4 MBDJim 1367 F 345 4.48 49.3D '·' 19' 0 01/20/ii! cs;: 3/-SO s4.e llon* Tumor 
::-5 M£D-HIGH 1660 ' 151S 10.2:2 112.~::. 13.5 1fl. 3 ll/Ci/11 09/05/84 81.9 Precessing 
::-'i MED-1-HGH ] 502 f 3008 20 .:<.'} 222.80 11, 5 2~ '9 06/2U7fi 01/2:/81 S'i ,0 60::113: Tumor, Lung TJ:r.or 
D-5 MED-!llGH 15(18 " :7_:_1} lC. 76 llfi. 37 14. s 2~.9 06l:?Y16 Cl/24/&i' 41. (j 30::lt 'l'U!I\Of 
D-5 I'I!:D~fliGIJ 16 5 ~' ' :o'H 11 • 0 5 121.55 9 .c 1ll.4 ll/07/~i !l2,1l 
n-5 MED-HlG!l 1485 f 23JC 21,18 2JLCl' 10.0 21. i (6/23/76 l?/32/8C 54,2 Bone ":'um;;,r 
::-5 ME:D-IilGH 1471 f 2508 2I.7i :na.s2 J 0. 5 ;::?,1 Cll/23/76 05/C!/19 :l4. 2 Ro.O.iat::on P:wumoniti:; 
D-5 ME!:l-HIG.!l l65Z 

,, 
.lJ2C 12.00 131.95 10,{) HL4 u;m rn 07_120/83 66.4 U0r:e Tunc! , Lung ':'tr:no;;-

P-5 ME::-HIG!l 1619 f 1 4 !10 12. 32 135.~0 H .0 20.3 11 /':l7 ;n n_t.Cl/83 6 2 • ., &me TU">C•!:" 
D-5 Mf:D-blGH 1129 f 363 ::.30 J6,:n 10.0 ~'I. 0 H/;6_175 ll/H/75 J.O Bn:::;;-ificed 
')-5 MBD-biGH 1346 " 656 4.42 48.59 13. s 17. 2 .:.O/Hi/15 ll/ H/"75 l.C SacrJ!:iced 
::'-5 !!IED-H1Gb 1512 ' 2411 14.61 160.71 1 s.r 2:1.9 06/2.3/16 12/23/79 42.0 BOUP. TtW'lOr 
0-5 MED-!l!GH 14:9 ' 1559 14,92 164.:1 u 23.3 06/23/76 l0/22/€2 76.0 Bo:"'e Tumor, Lung 'l':lll:or 
D-5 MED-!UGB 1492 F 2471 24.98 274.82 9,0 21.6 06/2J/76 lt/lS/30 51.8 Bo~,-; '1'1)1'110[ 

D-5 Mf.D-HHJH 164S M , .. 
~. 5. 90 64.!Hl );'_,5 1?,5 11/07/77 82.!;1 

D-5 M£D-HICH 1498 f :une 16. 6-i:l Jl!l.45 11.0 2LS \Jfi/23/76 C4/GS/&2 fi9. 5 none :'~,;nor, Lung 'l'u;nr:.-
o-s MfD .. fiiGH 1459 f 1645 26.72 29L89 9.0 12.6 C6/23/76 09/15/&Q 'll.1 Fi!-d, Pneumcon;tiu, Lo.>n<; T"umcc 
L>S )IJF,b-EJGH 1347 ' m 6.9~ 76 ,4i 9.0 l{,] to/:en5 11/14/75 1.0 S11ct1ficed 
o-5 Mt;:::-HJGH lliS$! F "' 7,32 !lO .Sl 1? .J HI, 3 11/07/77 06/19/63 6 9 '4 none 'hrnor 
D-1 Mf:ti-H!Gf: HUE " 1:12 8. 4? 93.25 1!.0 J 'l, 9 ll/)1'/i'l OS/03/83 6 ~,I! Bone Tunor 
D-5 MPtHHGii 16)1 " 1334 a .et 95.26 H.C 20 • 3 l:/07/7! ?7 .!l 
D-5 MEO-HlGH ll,i46 ' 1 Ot:C. ?,17 96" 45 lJ .c 1 a • " ::;en /77 11/~:/82 60.1 Fon0 Tumor 
D-5 M£D-!l1Gll 141~ M lJ76 !1. 6 2 1C5.85 l3 .o }3 .2 06/23/ Hi C5/29/!ll 5:<.2 Bone Tumor, :,ung r_,rr;:,r 
D-5 }1£0-HlGH 1641 , 1.<:75 9.66 lC6.24 12.0 18' 5 ll/07/77 82 ,I! 
n~s HIGH 1420 M 3&40 ~0.36 JB.!H 1). 5 23,3 06/23/76 C1/iU7& 24,6 Pad:iation l'neurr.onitlE 

• Indicate$ ,,, :P. months s i u:c- b:rth, •11 oth«r aqe!> Me ie mcnttc since exposure. 



!NlT)f,L f.LVBOLAf< DEPOSITION CNHA!.A't!ON EXPOSU<F Jo'ONTHS SINCE ----- -----~~------ ------~-·· -------------------- DATE JNEALATION 
DOG NCI/G NCJ/ WE.lGN1' AG~:* " ----··--------

DOSF GROQP JD£N7 :.u LONG KG :~~:o) (!oi:J) ['fi':J: DEA'!'f-l 9i3C/134 :::tATH COMHl!NTS 0' <l.EAD DOGS 
--------------- --- ··---- -------- ~------ ------------------------------
D-6 H:ou n: :~ ' 69£9 55.09 {i(;{i. {) 2 11. ~ 2C.9 0€-/23/76 ll/09/77 15.6 RadiatlO'l Pneumonitis 
D-6 l-i1GH 15: B " 356'\ 29.46 324.09 ll. 0 2L6 Ot/~3/76 12/16/79 4l.S nad. Pneurr . .c r. it i ll , !.uoq '!\:Mor 
D-6 HIGH 1517 ' 51B5 49.61 ~45. i9 9. 5 2() .6 06/23/76 ll/C2/l7 16.3 Radiation Pn.,~;mcnit.:.s 
D-6 •ilGH .. 424 " 7651 69,!\J 768. ~ 2 lC.O 23. 2 ~£/23/7( :IS/ 31_!77 14. J l<adiat ion l'nc\ll"lDnitis 



~ 

~.- Publications 
~.-and 
C) Presentations • 





PUBLICATIONS 

Baker, ll_ A ''liq ot RaCi:_oi&otope Ct~>.~ 

tomf"rs witt-, Summary <:.f Raci,)i&otope Sh\~
'"'"'1ts, FY 1983. PNL·5"~2"6, ''11'>, !>prin;;
"'ield, •.;,;, 

<1::11ou, J. E., R. 3u,;chbom, !.i. £ Oa
gl;::-. H. S. DeFord. ctrd ,~_ 0. 7olli!y. 'Tox
ico~og_y cf KryptorrS!J; r~fect:o ct Whnl"
Body ::mmer&iOti Expo\.t.re on Newt>orr kilts." 
l:!:'d1t!:: f2i.?- (In p~eo;s) 

Ba' ~<'ll, J. L. A. Cas.,, and [> L Hag~ 

ga•·d t?B4 "llispo~1tion of L<~u and 
O.:.ughter Ka:diOflLCOi::le~ Fc~'owinq 1ntre
tracheal ln:;t-i; -iillon of ~12c_:(,-,Q 0 ) 1 --n 

R&~s.' ~ll.!) .E!!.t?- -17:.?10, 

flil I !:>'.... 
c_ w. 
r,o11.-y. 

·~un:.rw, 

1964. 
c. 

::'1ronir. f:xl-'ilSuf"' 
4/ :.9-JL 

C<. ;.JJllarrl, G. E. DmJ!i!, 
N. L'thner, a'l<l f'. ;:_ 

"'<>xic:Jl(;;;Jy of ~~Kr. 

~>turl•e;,," rieillth f'hy~ 

f.h0££, t. K J W. l,;tco·, '1'1rl !l_ W loli , __ 

::.on. 1964. Che~:~~.SllJ ar·a Tn)(j:ci_<_J_Ijical 

~.!J.f!.!:jlS~!:.!Bt!_on £!__( :]::·yanic_ Cons@~;f"rlti 
.!._? i'loL'fJ.z..<:.Q fled Chod f\.dv<>riz:£9 f_~'-'' £;2:~ 
bu~_t;oP: ~ !illi.1C<~l £l.£2?..r_~. f"N,-4983, r,. 
t. if; c "ior:h,;,..st LabO>"iltory, 1< i cl' land, 
\olasllingtcn. National Tt>;_Jm:ca' InftJnuP 
lion Servlce:, '>P•"ngfield. Virgin"<~. 

tn~~s. f. ". . .e.r;;j k, 0. Smith. l')A-:. ll•.!
~!(,r>m<:.~t; #n.;l ~:)_luati<Y• £1 ;i><:;M:, :m
r::_o2,!!_:_ :<PD ~ !:1£!.ett.d::>r ;.>r.-,·gh~ Coal fom~ 
~nenb: -~ Qya-cter!_y I_echnit:.?2 Repo•_J, 
i'NL-')214, PflCJfic Northwest li!t'Jorato,·y, 
!dchli;~nt1, 'Wa;;l'inqt:.on. Notimnl Technical 
lPfom<~tion Set·vice, Sp;,pgf"lcold, Virqina 

l;ein. J. A., R. H. ~ovely. 'ol. T Kdune, 
iFOd R_ o_ i'h1 llips "t.xposure to SO-Gauss 
MayrH<tic f">~lcs Do~s Not CilJ!Hr twoidcmc.~ 

1orrical. Sy"'l"m~ with 3.tatic .'L'ld ELi- _s_:()c• 
tfH. i!!l'! "!ayiR"!'k t~&l"!!!· L L iinder•.o,-,, 
8. J ".elmo''• anct R. ¥eiqel. !!d~ .• 2Jr~· 

1\n!'o.<~l Hacford life :,cie'>ces. Sv<~pu::.:um, 

.:ctober 2~4, l'9a4, Ric"land, Wa;.t'JlP,;;to,_ 
Nath.mal Tec"lr:ice- l<'for·milti<:m St~vice, 

Spdnqf 0 e'<l, Vi>·g''""' ({n ;;rf'S~), 

;::,·oso;, f. I. 1984. ;:: it.YJ..€!:1 <lf 13.:t!}l<:<1cg~ 

led-, !)_55t>SSII'f!';_~- Meth:::d<!lOJJ.:L_e_5 f()": JirCFliiJ/11 

Mill l.i_illi.!:!.9.'! 21 ~iciPi!;~ ~.:tie:,_, 
Draft Repnrt t!} DOf/iJCS, \olast>"'ngton, J C:. 

\i()rsu;. L::>ca1 Jc5e to t.-.e Res;::;irattn·y 
1ri:lct·lm;;ii<::.at·-ons for kact'o·oq;cal Pro~ 

tectiur~." ,n 

Umg ~!)~ 
March ?6-28, 

f.-"E'S5) 

P.-oce.,(!ings, '!!_O'~"'k'>hop or 

tor l'l'la_led ~9f1uc1i<:f_~~' 
198-', Ox1orct, frgli:Pld ({'> 

Cr<Hi, f
cmd R. L. 

Dao-e, fi. '< ausch, 
:984. "lrfluencf' of 

Radon Oi!ugt·ter £xpo5urt> Rilte, U<>ilttac:hm.,nt 
frac:t'on, and Oisequil>brlum 01 Occurrence 
<.:d <.ung IAcws." Padlat. ?rvt. Q£>Jim_ 1. 
381-Je,;_ 

Gies, R A., J. E. fl.a11oo,, A. C. Ca5e, ""t 
J. L '<y<!<L l.984. "II, :•lethod for Det~er· 

;,iri<\g 2 "'1'11 ~n B;ologlcal S!!npl""' '' 
He<~ 1 th .t'~. 46: 028-932 

Gllber·t, f.. s. 1984. """"'"' Effetb of 
Ra·v:lum 0Di£ Meas(:'~"'ettoer:t Errr;..-~ on An;,:y~is 
of Atom'< tlomt: .Su,..,.ivcr O#t>J." ~>:<di<~t::. '<e'> 
9$; 5')~·600> 

Gill;>ert. L $ <1'1<..1 J. A. Buci>;>'ion. 1984, 
"An Altvr•·ative .4:>pn.Hct> tc- Ana1yzio·:;, 0;·
CJIJi'H.iJrhll M0rt:<lity JJuUI." .J. G.st:up. 
"l_e!-l-'- 2G:f>:?2-82tl, 

Gilhe-·t., F, <~rod G ~- l"!:t":icrse". ''A 
Not~> en J0U ~i' I<Jt<tll Mort<J' • ty Ri~k~ of 

Hi'<'f:!r<! wr,.rk'''~ 411\J ll>~e''' R•JJ~Jtil.-n t-< 

li:wcer' [ ''ez:ts nf "!e<>~urec L2:.e:, u: [)o( 

ten>C.1 R<HiJtiOfi." 8>• "'--'--l'1(t MerJ_ ~~<1 

f.'''"';. & ) 

um.l :, l . Otura. l')iVl_ 
'"fm Ar•aly~i'> of V,;-ious i\'i>N:>cts of iltomJG 
8umb Ri'idi<tt:ol' Oos" !:St1illilt ion ,it RERF 
l!C'"9 Uiltf> 0r1 Acute R&t11,>tio•o \ynptoms " 
j'l<)dijl.t"~ -~.ii.:. lOO: l.?i!~ 1J8. 

~alhw,"\rf, 0. R . P. C JAckson, and J. r: 
Ke<:l-, "E'Hrlrt<\{101) C<;eft"j(;iPnts (:;r l<t<i111'> 

in $iz.ca Co4: fi:; Ao,'t. !:Jea'tl_:l Pi~. (In 
pt·esc,). 

Kal~wdt'f, 

'(lifft.~~'on of KaC:or in Cr.ndllldtl' Soil,; fer 
CIJ"fr""fng l!•'dn'uw-r-.<ill Tai' ny;,," "!n E.z::£
~-'~£_dinqs :>.f t!}£ i:!_;<:1.-h )iy~:~po_:-1\nt. on t!ilnag~
~~2: 9.! ~:--~r,,m ~_il_l la1 1 1r·~~. Lm.-;_e;.:.£1 
W-as ~!t {""'! t!,~ .. Z.!!>io: __ ,:•, or ?'H- 305 , 
Colerado St."':." U!n\ter~ ly, ft. Cu• ''r'5. 
CL•: ora<1o 

Kirby, L, J. ctr><l A. P. Tos~l!. 1984. "Cherr· 
i;;;ql :::tc,u·act.,fisl,.ics, "ligratlon and hl'l~e 

of FuHii<H'\,c:'iDiL at Cornme,...ei;:n Sha: low 

L"nd f'.u,..-i<>1 Sltes.' Cn .t:s-~:2.~ of _11}~ 

[i_!_l;l~ Am1~_.~J_ J~I"'"!i..'?!: .~Clting ful!i¥lil1 
h_uw · LP,_y::_l W.a~ ~-g ~0 .. ':'~~!:1.!:'.l Prngr;!ll!, po 
60<:l-G49. :::c•.J'-6)08!06, Nation;;~l Tvt:l'niceal 
fnformat.~on Servir:e, Spring(hdd, Vf,·qira~ 

~·Her, o W. H<'lvn:cyclic <>olycyclio:
Anmu~ic t:o•"Pound~ 'n Coiil ! iquEtJction 
Pn:;ess M<lt<H'lctls." (n f:O"OC>:e.if~~, _Lt.· 
1~~30. Cor:~ on i:•wir.on;,erta!_ 
Contami:,i'lti<?.C! l!eeria1 \:?~ of .~ndo-:, 
Londo•1, [r,gl<i"!d, Ju'y 10~13, 1964 (I'> 

press). 



Late!', :L \<1. 1984, Ct'ernic~l An11_~~ ~t! 

Bio12~ l~.J>ting .!l.i MiSl ~nd !.Ill Pr(!M 

ces.? ~.?1::. fr£!1 lli !!i lsOf!~ Twg_M 
Stlli!Q ligve.f<~ct-ig!} Pilo,! !:ill!·' tj St?_l:us 
~~port, PNl~SZ15, Pa('fic Northwest l~bor
~tory, Rlel'll.and, W<o~.shi"gton. Nalicni!l 
Tect:oical l<J"o1"!11ati<H' St~r>.>ice, Spring
field, Virginia. 

Later, C. w. "Nitrog;en Poly:;:yc!tc Aro~ 

mat1c Compotnv:t: in Coal .. Oeri"ed Mater'iT 
al:L" In ~?J•. ~ Polys.:L<:;Jic Al"t..'!Uttic 
Hydrocarl:if!"~S, Volume 1, A_ Sjorset.-. and T. 
Ramdah1, Nh. Marcel Oei.ker, Basel, Swit
l!tl'ldnd (ln press). 

Lat.~r, P. ><., (, K, Ct-.v~;;, C. 1</. Wright, 
R. B. Lw:::loe, ,)_ 0. Mardun, ard 9. W. W11 
son. 1984. "Ma>-s Spectronet>-·~;:: <nd Chr-D
matoqraphic Methods Applied to the :sow 
latioq ahd 1dentltication of fumorig<l'nic 
PolycycHc Aromatic t<y:::n:>ca"'b('ns ir :::>al 
Liq.JefacctHlfl Dlstillates, In t!:f~.i_!:l_gy 
of tne 32nd Arnn .. al Cor~fllrence on !>loss 
Sp,ctn:met~y l!tld >\pplied Topic.,;, AmericwJ 
Soci<:'ty for Moss Spectn;;metry, Wil~hfngton. 
;:_C. 

.__ater, D. w., R. A. Pelr-:~y, 0. 0. Matd•.m, 
T. Wotnial.;, and 1\. A. Hit•H•- "Hydroy•m
ated f'tlycycOit:: Aromat'c Hy<;!rocarbrm_, 'n 

Ccdl Liqc.t~dct'fon 'ldter1a"s Analytica1 
Chemi;;try and Sio-log~tll1 1\cc~.lvlty," Jn: 
Proceedings. Nintn I·1tt;,rnat.;u,a]_ ~~;;iul); 
on Po:vnuclear Ar·oma1<ic HydrocarborJs, Och 
tob<H' 29-l<c·vember 1, 19B4, Col\l1f.b.JS, Otdo 
{ln t:tress)_ 

Matdo'!, l) 0 .• B W. Wil&on, C, W. Wright, 
and E. ~<- ti'IE>->- t9B4. fnn:t1cration of 
Skin il.t'l\(>r lnit.Jdtlo·i Activity it'! Coal 
l<::;l.ddt.. Cancer &2 H:5176-5H!!. 

f<'a.,lurn, D. [),, C. W. )Jdgtot, L K.. Che;;s, 
Jlitl !L w. Wi l;,on. tffQC~ OJ-r Matrix Compo~ 
sltion on [,.pressh:m af Carci'logHlit A::
ti.,i:.y of Co~.' Liqtdds f'l ~bstracts, Tt>e 

ill~ l!_l.~vr,v>t_:,z~ .0n~~-~ of J:3ls:ific 
~ ,Soci~t-ivs ~?_,5iurl) en Polynuc>ear 
li.l'~_!!l~ til9fOt"1!:"bOOS ( _£8_tl) j t i;>)(" ~ .. 
e_:;_s~E§:, Oecembfolr l6-21, 1984, hO'I01uht. 
Ha><al1 On press). 

McCL;u>ahan, 3. J" and H. A. Rdgan. 1964. 
'Oi:r.trim .. tion of l!fd[s in Juven'i~tl Minia

ture Swint~ " liii!J!li!! lli.'l- 47:472-475. 

MtJll1ngc-t', P. J., L W B••ackenb<nh, 
J" [" Tanner, and E. S. Gilbert. 1984. 
""i.rypt.o>-85 !it)aith R'sk As:;e:o.snent 
>.t.Jc)ear F.ml Reprocessing Plant. 
5209. NT15, Springfie'd, VA. 

for d 
PNL~ 

Ol»en, K 8 .. 0. R. <alkwarf, a•od C. Vev
~td:.a . .Jr. "Coll11oction and Arnlys\s tot 
PAHs 1n thP Flue Gas of Ene-rg_:rCtmvers.ion 

116 

f.'la'ltS"" In f:.!f~~ Af:::ma.ll£ ~!:.::
carbons. H. Cooke" A. ,J, Denrds, .:l"ld (;_ L 
fi>-ller, eds, Batt;;>- 'e f're<>s. C.-;d,,rrbu\7, 
JJ-io (ln pre,s) 

Pel roy, fL A .• ''L E. f-raZH!F, C. \ol. Late-. 
:; w. Wrlq'lt, ilfld B. w. w1lson. "fffect 
of Procer.s Oisti11.at>on on Hutoqllonic:i':-y 
and C&ll T<'arr~torm.atton Activit.y of 
Solv,:;flt Refined~Coal-D;:;rived Liquids." 
Fve1 (In ~ress). 

Ragan, " ."<. "Markers of Rer.al 'cnct'ion 
aM :njury." In f~~3J .G.~.?.~ o~ 
.::._!.\;>Or·atO>'.:f ~~' University ?ar'< Probs. 

Balt-l-no•·e, M,;.~y:and (lr: ;:orfols4)-

Rnoad~. !<.. <~ret C. L. Sanders. "An't" 1:::;;:
icity, -Jng C<~:li!~"<Jnce. >~nd Tra·•slocatit;< 
of A,-.;;enic, 8er-yL1u'll, Ca(1"fl'U:l\, Cobalt, 
le-Jrl, Selenium, Vanad'l!lll ilnd Ytt<'rt\:w· 
Oxides 1-ol'!owing Oepu,itior ir> Rat Lunq 
E"'l(~- ll'e!t. {Ih f'"ess}. 

Rom<Pereirr, D. l'-L, 
Bu'>chboT, a·1o:J M. i<: 

R A. Miller, IL L

"Pla-Si~<;ov. 1994 
centil' ~ire.--aHn>t·iorl i·l Miniat.un> Swine " 
?-roc Sa~- f6.i:> El'iol. _M<l'd. 176:334 . 

5dnders. C 1.., K l. M<e0<>4<11Q, B W. KiC-
land, J A l"'ilflaifey, ilt>d W. C. Ca'lno.-._ 
" .. ow~ levf!' la;->p,c., L \ fesr.:n; Stu-dies wiu-
!nha'efl ~:~,;Pu::Oz 1P Rat~ " !n !-Jfe-5£?.:! 
k.aoiati<>ll Eff(;t.l± SLud1~2, ~ ~!f'dh, :!!·na;.; 
~ T!oc_¥ Te'; Jhl1 R. C. lh:mt:50" ar:-1 J. 
A_ Ma'<a"'ey. eih. 22•'d Annwal rlanfor.: 
l1<'0! Sciem:<l'-<; Sympos'urn, Septemt:>er 27--?<:!, 
1Sll3, Richhnd, washington. N<~tiona\ fec'1-
rical Infornation ServlC€, Springf 1elf!, 
YirgiPia (Jn P""~~~. 

Sasser, t _ B. , ¥/_ T _ Kawne, a.;d g. D. 
Pho' 1 ~p,;, 1984, l>'arpho logi_f Oe.::eloprne•·t; 
and B.!lli:·oductjvc _t:_(}-~ 2D GwJ[l!!a !:.i:i?: 
EXP<?St!d ,0-£ illl:l:!z: flet::.~ric ~- PNL-
5036, Pacific «:crth•ceo.t Laooratary, R>rl,
l.and, Wasringtcn_ Natio;;,al Tech'>i<.al ln
fortll<Jtion Sen1ice, Scr'rgfield, Virgiria 

$d$5er. B_, (L l. Lundstrom, C l

SprH1q\e>', and 0. D. Milrl\1111. "[1£>vate:J 
Ello-od p,·;essu"(! in Rats E:<.;wsed tr, S<:-'vent 
!lefined Coal r: (SRC<IJ Heavy Oist-i~-

1at(!, .. ":!:.~ L<:.~ico"!t•i!12.! (~n pre,;<;) 

Sasser, l B_, iL ;J. Mah'um. and il. l-
R:Oillmere''ll "Tne Tnflu-€cJC-t< of Pregn;1-ncy 
and Lactat.ion on t:-w Mate~><~l Deposition 
and Perif\-atal ~ptal<e o" " 11 Arr i- lh<e R<>l 
Health J:'!£ (In press) 

Sct>irmer, R. L, T FL Fah', a'"id D. W. 
Pl'i<lps. l'JS4. "App."caticn nf lnter'1a1 
Stand3nh in Routi'll! 
Ga~ ::rr-:>:natography. 
;!. 45: 9~·9FL 

Vapet' 1>\easu,.e'!l<l'nts :>y 
An, tHO, ':!i_9· A';o\'0'-'.. 



Sct>irt!"i'>". R. E. D. L 5prinq<H", ::. L 
Phe;ps, R. A. f'e1roy, <1"1d 0. D. "'!nhlum. 
·",l;>,ri!ltian of Cornposlthm with Particltc 
Sq:::e in Cot~l Liquid Ai!NJJ>ol ~ Gener;ted for 
frt.alaUon Trxlco"!ogy Sr.udill!s. [!£:. 1.~~

l!:iJ;j. As 50£. j. (Ih p~ess). 

$'ngP, N. P., !>'. E. Wr,;,n, F. 
;;d. "Ratios o~ J~4 U, :::"'"IJ. 
Dog lungs Expa~ed to IJnmiillll 
j.,te,..lat:lOratory C:orrpa>"lSOtl-' 
(ln press). 

Cross, "'t 
an<:l :til<>n· ln 

Ore Dust. An 
Hea 1 th Pl"l:tiL 

S'lli~h, I<. 0 CupP~ary 

F"<..id f2!Q.!!!;J.~ography .. ~a.<.s 
[1sev•et· On ;:wt~ss). 

.f:~.::f:ri tic<> l 
N.l$'.£.!.":'.~.me t >"Y . 

Sm··t.h, R. D., H. T. Ktll1'lbSid, H. R. IJO· 
5eth, ano B. W. Wr·ighl. 1984. "Riipld wod 
Uficient CapilliH"Y Celurr,ri 5(fpBrcritkJ:1 
Flu 1 tl Chrom.,; tog"'ilphy w' '\.h MJ:s :> 5pect.r-::~n-·f't • 
··i.:: Cletector." Anal. Chern S&;?47F-2480. 

>:rntl; R. 0. "· R. l.ldSE>t.lo, ;md H. 
irwsl!i. "Capillary $opercdt>c;,1 

Ch"'O'lklt ngr;:phy-M.;.s s Spectrometry 
~lectn:P 7!:!pacc Io:->ii,;~tion.' ~!:1~· 

( :n pr01~) 

T. Kal
f 'uiG 
with 
tiww. 

Sp""l'ger, 0 ~ , 0. D. MahlLm, R. IL West· 
ert>erg, M- fre.def. D. '><- LahH', and \>/. 

C. Wp1mer, ''CJrclnogenlclty, M<>L1lle1'sm, 
;;tnd ONA dindCr;; St<,Jdies of ConpleY Q~gi!r"ic 

Jp~i ngPr, D. 
Weinur. ·i_ A_ 
D. P '>latdum_ 

l. ~- A "liihn·. W. r. 
l<c>(JI.Hl, ~- Buschbam, und 

1'384. Effect;, of 1..!~!::£.'.2-

~-.i..!'.!! Exposo;:!,': ~ ~.!i,;_~_H "'""":::' and Ml_~_<;tl.if 
Distl_]__l;lteoi;. PNL-5271, P,g,ifi<~ Northwe:.t 
Ldbcrat.o•·y, Rich~and, Washingtc..>. Natior.;l 
hocfH'i::::J:1 information 'iervlti', Spr'r<,:
:f-;l'!"'<i, Virgi lB 

Svllivar. M L, 8. /", Mil!er, and ,J. c. 
GoeDe-•. "Ge~lt'lllnte5titMl Ab!>Ol'pt.ion ot 
Jo!etah C''Cr, <'hz,.,, nrJ'rc, '"9 Cd, u;J.sn, 
l4'fln vai 1 ="APu) ::>y Rat.\'i and $wi·1f' " 

E'lvirur. ~"~- (In press;. 

Sur '"an, 1'!. f., P. S. Rue<wu'er, ar>d .:. L. 
l<yan, "£fft1<::ts of 'asting and/or Oxictiz
T'lg and Re:~ucir;; Agents on AOsorpUon of 
"'i!pt.un"u.1"1 fn>:n the GI Tract. :.d t-'"i.;;e .an<J 
lldcJit Ol' Neonatal RiHS. '' Rania:. fu!?. (:r 
prBSR), 

Th:;mpscn, R. C. 1984. "Neptun1Lm R>ov>~

ited." 1.1:.~!.!2· Am Nucl. 5.S?S· 46·319 (Ab
:;tract). 

117 

Tbmnp,;en, R. C .• F. T. Cros-s. G. E. Dilgle, 
F ParK, and C. l S<'ndi!TS- "DOE 1i 4e~ 

span radiation eife("ts vtudie~ at Paci~lc 
Norti•west Laboratory." In J.i">!>-Spar R<!~~i

atH:n ~ Studies ..!...Q ~.1.2:; ~t, 

fit~ Jlcey l£l,l Us? R. c_ Thompsoo and J. 
A. Mahi>ffey. e,:N., 22rto Annv"'l Hanford 
L i f e Sciences Sympos 1 um. S.opte ... bo;or 27-29, 
1983, Richland, W<>shlngton. NationAl 
lechn'it.al ~nforl'l;:~ticn Service. Sprin,;
flelci, Virginia (;n pr<J<oS). 

To~'!.<l, A. Pq J L. Kirt;ly, ar:t 1. R_ Pahl. 
1<;184. "R:)lt! or Organics '" the :.obsurface 
Migrat'or ef RadionucFde;. h Ground· 
water," Jn Geoohemlt:<il Se'lilvior of Oi~· 

P.!?.££2 Radioactive \>Jast.tt, u:---s·:··aaney. J. 
D. Navrilt"il, and..,_ W. SCI't,ltz, ,:><:h., pp 
251-?JC, ACS Sywpo~iu11 Serie~ '<o. 246. 
Amen:::an Chfon·ical S.o<.-"t<ty, 'rl,.~hingt.on. 

D.C. 

-ost.e, A. P., ~ J. Kirby. w. H. ~iC'<ar·d, 

and o. L Rotwrt;;.on. 19134 "Q:adint!IJC.li<:!e 
C~ldl\i!t:t.edzatlon, 1.1igraticn ·JI'J Morntcrl.-lg 
at a (cMil' .. r"cial Low~tvve1 'Haste .;Jspot.>.l 
sit<?,,, 

VO)\J!Jlt 

r.- Narlico'"'"tlvv W0.~te ~aragooment, 

~, ~}3-22:"(., fAEA . ."tN·-4.3!476·: 
Inte;·n~.l i Of\1!., '\tomic Lnergy AqEnCy, Vi· 
i:wnJ:, Au~lr1a 

loste, t .. F' , 1.. .). Kirby, T. R. Pahl, 3."1d 
R. E Meye,--,, ''l"'.;ppl•';J Subsu-tace R'l.dio· 
rhKI ide Mls;r,.tiQn e~r:J Gn.>undwater f'!;;..,. 

wit)> O""l)dl'ic Tr,H.:tH'f." .n f'rocee"'ltn;Jt, 
2<:J;:;_t AnO\Id1 Meeting en Bio;J5~<>Y, Analyti 
0!.! and p:.nv 1 ~orvtl<enta 1 CtJg_mistry, Oct.obe.-
12·13, l"f.l3, S£-attle, Wa<;hington (:::n 
;we:.s). 

Wett.erb;;,rq, k. il , [: L SP"'<(;er, D. D. 
Ma•>lcAl", M. f_ rrat.icr, t_ W. Wnght, at;d 
R. f.. >ch·-;ner·. 1984 "Metat>o1itm ,aq;j 

DN.o\ HinU'n9 of Ben.zoi.Jjpyrene in the Pre!.
""''Cf' of Cm~ple:-. l<b><:t.;ve~. Ttlt> To><icolo~ 

~ t •. dO. 

Wi I son, fl_ W_ 
Pel roy. 81orn&d'ca 1 J7i:Jl i\>:Jt-t0ns of t'l{> 

Chemist.!'Y in Advanced Coal ~iq\lefa:::~ion 

Prot:t>sses F\Jel t.:!:.£E Ji:~- (Jr 
press) 

Wright, C. W., L K. Ches>, !), L Stew1n·t, 
and w. C. Wehner. "F<~te o' Nitr:::;;<'ll~ 

Contai ni r;; Po!ycycl ic Ar>)tll!ll.. i;;; Co.11r:o"nds 
und Micrct::ial M\lt;o;genic;t.y in So'vt!'nt. Re
ftned Coal l! Product::;, "P"" Sto~'"age " 
£":!!.£.2 { tn pr<"~~}. 

Wrigtlt, :::. w., D. w. LHer, R. A ?elroy, 
:;_ o_ Mi!t>l..,m, a.-::l 3. w. wf1sor. "CDfllpara
tive Cht;omir:al "'"d Biolcrgic«' Araly~"s of 



C"al-Ta,.,~B.,sed Tlwrapeutl<;; Agents 
([}al-Of!r'ived Material'!.. 2· 
~_l. (In press}. 

Wl"i;;;ht, C. W. ahd W. C. We1mer. !984. 
Ch~mical ~nd Biological Stability of~
~ Refined Ci:ial liqul<l&, PML·4962, 1'11-
ci fit. 'iorthwE:'it labOJ'i\tory, Richland, 
Wastlii!gton. National Technical {nfo1"'1>d~ 

tio;, S(!rvi"cE, $pringfi(!ld, Virginia. 

Wright, C. 
Springer. 

W., W C. Weimter, and <:L L. 
"ChrOlllat-ographic Ch!i!mical Char-

ll~teri:tation of !><:>lvent Refined Co<ll I MHi 
II liquids for ~mdcc\cgical Test"ng." 
ChrOmiltograph>a {In preis}. 

i:ies of Caffeine and 
P.I'"CritJCa) ATlffiofli/L" 
press). 

Ttecphyllin!!' ·n 

J. !'.~· ~-
Sup· 
(Jo 

Yonker, C. R., B. \ol. Wrigrt, K. R. Udse~1. 

<Hia "!. 0. Snl~th. "New Met.hccrs for- crarac· 
terizaUon of Svpercr~t. cal Fh,id" Solv 
tion!>." ~· BuPS€-f!.Q!U· fb.i.?..· Chem. (ln 
]:)U'$S). 



PRESENTATIONS 

Areer-so'1, ' L "3iologic'll [ffe-cts cf 
E-ec:ric fields on fx;;Jer-imentol An-·1lals." 
Protsented at. the B.onnevi'lle Power Admfnis
tratiofl Colloqulw11, July 1), 1964, Port-
1-::~r.d, Oregon. 

Andersor, L f. "Neu~ochemica1 Effects of 
f>Q~H; Electric fields." Prf'~R''Itl!d ;;~t the 
OOfitPRl Cont.-actor's Re11iew, Novenbe1" 5-
9, 1984, St, Louie., Mlsso11ri. 

Anderson, L E. "The ?ineal Gland and 
Impllcatiens ih Electric field Rvsearch." 
Pr<>s<>ntP.d at the COEiE?Rl C:mtrsctor' s 
Review, Mollenbte~ 5-S, 1934, ~L Loo1s, 
M'ssccri 

llnder·So>), L. 

Che.c.s, ilnd fl. 
Resp011se$ in 

F., D. L Hilton, E. K 
1.1. >Jil50"- "NeunJendocrine 

«at.s Exposed to 60-Hl El<!'c-
tric F1elds." Pret-enteo at t~e 23rd An
NJ&' H<lrfcrJ Life Sc.'"rces Sytrpo;iun, ;)c· 
to()e>< 2~4, 1334, Rich•and, W3v1ington 

Eel lou, J, L anct A. C. C.Jse. "Oi;posi
tlvn of :n:u and Daughter Rediom.JclHJes 
fcllnwing :ntrat .. a.::t.eal 1nC>ti!•at~on cf 
~"":.O:c(N01 ~ 1 in Rats_ Prl!!sented ;;l tt>e 
Armu-11 1>\"eet!ng uf the '"""lt'l Physh::s So,i
ety, Jwr;e 3~8, 1984, N"e"' Orledn&, Cou's'
ana. 

Ch0t5, L IC, n w. Later, and e w. wil
<,on. "::hto!'a<:terizat.ion nf Compo,~nnts 1n 
Mutagel"ic O!·ganlc Ext.~ac:~ a"' Coal Fly 
Ash " Prebt<nted at the F:u .. rth -Symposium 
on f.nllin:wmt<,-,tal Analytical Cfmmistry, 
Ef>RI, OOE/OH£11:. 1h.:.rmochemica1 !nsti
tute/BYU, .lw<e 18-20, 1984, P1·ovo, UtdiL 

Cf>e~<o. £. ><:., D. ',;_ Later, B. w. W<svr, 
w. R. '1!1rrl:;., and [)'_ J OkaMot,,, ""ia55 
Spectri!l CorMparison of Mutag1ms Extract.t<d 
frorM FluidhedwBed amj Pul\lll'rilf!tl Coa1 
CofllbiJ.;tion Fly Ashes." Pt·e~<:Hll!1d at the 
32nd 1\rnval Co:mferef!ce on "'ass Spcctrom~ 

etry and Allied :;'op<c,;,, Mdy 27-June 1, 
1984, Sar Anto.,io, Texas. 

OevE>lop-
rnent of Capillary Column Sop+>rcrltltal 
Fluid Chromi'itography-High Performance Mass 
Spe:::trnmt>try fer tile An1lysit> of Polar 
Ma;;erlals." f're-sented i'lt tl\e fi,.st Con
t"iH::ors Meet.·ng or 1\R&TO a1d Surface Coal 
Gasiflcation !n~trumerration Projects, 
Morgantow~ Energy Tect:nology Center, June 
13-14, 1984, Morgantown, lo'e~t Virgini111 

Crei:r~, ,L A fl. H. Lovely, W, T. Ka1me, 
and R. C. r:>.'lillips. "fxpost.r.:. to 30-Gaus$ 
M<~gnetic rtelt:!s Does Not Ca\.<SV AvoidancP 
Behavior in Rat:S." P~eserteO: <'il ttit< 25rd 
Annual Hartford life Science Symposium, 
Octcher 4~5. 1954, Richland, WashingtN'L 

Cf'!!im, J A., R. H. lovely. R- D. f>hil
'i;::s, J 1. Hilton, and w. T. Kaur>~

"Rats l'refer(!rv;e for Sac(;harin f1avon~d 

Chow Oevends on Fef'der location in a 60-H.t 
El<!ctric field." Presented ;;~t the Sixth 
Annual Meeting 
Sot:let;Y, July 
Geor-g" a. 

of the 8ioele~tromagnelics 
15-19, "1984, Atlanta, 

Cross, f L "Present lJnderst>lnding o'f 
Radon f.ft.:H.:t!> ln Animals." Prec,ented at 
the f<wrth Meeting cf the Urenium Mil! 
T.nlings Study P,.nel, National Rf'search 
Cour;;;i l/t.!ltio'Jal Ac:ademy of Sciencll'&/Na
ti<;>oal Acaderr.y o~ E''lgin'i!ering, S!!'ptiimbtH' 
20. 1984, Wa&tdngton, DC 

Cross, f. T. aod 'o/. -.L B"''' 
Versus 
Tract· 
tectlon 

toea) Cose to th~ ~.:.splratory 

!'!lpllcaticl'& fer Ra1iologka1 Pro· 
P<'esent~d at tt:e Work~'lop on 

lung Mode'HllJ fo:• fnhaleG Racicn,u:ltdes. 
March 25~28, 1984, Oxford, fngldflO. 

[Jag~<J, 0. F, J. L Pa,·k, i'i. E. t.i!idler, H. 
A. Ragan, anc 8 J. M::Cla.,.;,'la1. "Bone 
lesions tr()m Inl'aled Plt.tofli..Jm \n Aedw 
gles..'' Pretenteo at the Symposiur11 O'l Metw 
als in Bone, Octobet· 11-13, 1964, Anger~, 
France. 

Fra1 \er, M. F., J. L Sa,nuel, ai'IJ W. L 
K<>J'~e. "'liabilit•e:> and lo!utatiun fNHjut<<J
~ies of CHO·Kl Cells Followlng Exposure to 
60-Hz E1.,;;trlc Fields." PrEsented at the 
23rd Annual H3nfort1 life S;;ie•>cer. Synpu$~ 
ium, Oetob;rr 2-4. ::9&4, Ri;;l\l<~:r><l, Wasrdng
<oo 

G·ies, R. A ' J. ' B-a1lol.l, ;;tnd' G £. Oo-
gli!. "Toxic1t.y of Inhaled 113 'Pa Citrate 
111 Rats, f'resentPd "' '"' Annua I Me"t i ng ,, 

"' Ilea 1 tn Physics So~;:iety, Health 
Physics So;;iet_y, A111erican Nuclear Socl~tty, 
J~or:e J~S, 1984, New Or leaf!'?, ~oui,;,~;:ma. 

Gilbert,(. S. "The Hanford Stucy --A 
Revi~;;w of : l£ t-:m-, tat i<ms and Cor,t-rover
:,ia1 Conclusions." Presented at tt·e Sta~ 
+:io;t!cal Synpos1um en Natlona' Enerfi.Y 
J.,-su"s, October 1984, Seattle, \olasnfng-:on. 

Gilbert, E S. "The Hanford Study.' 
Presented Septembi!r 1984 at Pinawa, 
Maritoba, Ca~ada 

G-ilbert, £, S. "now ,.,.;ch C<~n be Lf!a .. ned 
fro~ Pvculation~ (xpc~~d to low le~els uf 
Radi<ltion?" Presl'ntt>d at the Joint. St4tis~ 



tical Meetings, August 1984, Philadelphia, 
Pennsy lvarda. 

Gilb-ert, L $_ "How Much Can b'i' learned 
f~o~ Populations Exposed to Low levels of 
Radiation?" Pre~ent.ed at thlf Conferen;;;-. on 
Statistics and Health, July 1984, Canter
bury, U.IC 

Gilber-t-, !.:. S. "Problens in Estimating 
Ufe-time Cance-r Risks Oue to Lo~oo~-Level 
Exposure to Radiation." Presli'nted at L'lfl 
National Radiological Protection Board, 
June 1934, Cbillon, Didcot, U,K. 

Huckett, P. L, R. L. Rommere-im, om\! D. 0. 
Mahlum. "Teratogenic Potential of Soiling 
Range Cuts of Solvent Refined Coal Materi
als it· Rats." Pl""esented at the Annual 
loteeting of t.'<e Tt>ratology Socl.,ty, June 
3-1. 1984, Boca Rato~. F)orid4, 

Hilt.on, ~- L ;;md l. F. 1\n<;hcrson, "Cate· 
chuldmine !HlJ lnd>:>lanine Lwoels ifl Vdrious 
!.!rain Region:> in Rats E;.:posed to 60-Hz 
E:ectric fields,'" "r"sE>ntE-d at U-e 14tn 
Annua' "l'eE>thg of th>! SociE~ty f(lr "'"'"'ro· 
scii'HlCI'S, October 10-15, 1964, Leo. Angv· 
1E-~, Calfoi"Tid" 

Hopi< ins, K. L., M. L frat><'"~, D. D. Ma!l-
1um, and D, L, Sprin9er. "Studfe~ an lJpr
ro[aJpyrene Carci~oger!esi~ and D»A Elindinfii 
in th"' Pres\"nce of Corrplex Mi><turf'L" Pre
sented at the Nort~st Section Meeting of 
ttle SoCli!f,y for Experimental Biology and 
Medicine, October 13, 1984, Pullman, Wi!~h
ington. 

Hungdte, F P, "IrradiatirJg foods." Pre
s.:nted at the Sur.nyside Rotary Meeting, 
Marr;;h 12, 19&11, Sunnyside, wa,_htngton. 

Hqng""te, f. P. "trrJ<;Jiating h,>od:;." Pro
"""ted at th" Ropublican Womea's Cld;, 
A;:..•ll 2b, 1984, Granr.hdew, Washington, 

Hungate, f. f< "I ~radi at l ng F oodtL " f>re
sent!!"d at the farm a11d Lan~ Ir&Utute, Mioiy 
17, 1984, Ya.idf'!a, Wa"!.hlnqton. 

f1ungate, f. f> "£rradiating •oods." Pre~ 

sented at the p.-o-1\merican Grl.h..op, June l. 
19B4, Y.J.kima, Wash ngton. 

Hungat10. F. P. "lrrad{ating Fooas." 
sentNi at the National Assodllti<l'> 
Women ir Construction, June 22, 1964, 
r.e10ick:, Washington. 

Hunq<~t<!, F. P. ''Irradiating Foods." 
sented at the Qwa~tis Club Luncheon, 
25. 1984, Richland, Was'Ji"ngton. 

Pre
Joly 

Kallo::'o<arf, D. R. ''Prwtolysis l":inelico;; of 
"olycycli:; Aroma~ic At~~ifles." Preseqtert at 
the Natior.al ~etil"g of tne Ar:wrican Lhem~ 

!20 

i<:dl Socl&ty, August .l&-31., 1984, Phil<~~ 

delphi.a, P'l"!nn~ylvdflill 

l(aune, W, T. «!ld M" C. Mi';er. 
live Dosimetry for Gt:lnea Pigs 

"Compal"a
E,.po;,ed to 

Elf Electric Fields." Presented at the 
6io<t!ectroma\;tnetlcs Sor;;iety Meeting, July 
14, 1964, Atlanta, Geo~gia. 

t:elman, B. J,, R. L. ROI!IIllereirn, and 0. 0. 
H'*'"llum. "Lifetime E:.;pcs1.re of CO-l Mice 
t-o 1~T Ho!1Wgeneous <1nd 2-T/Meto<r Gr<~dient 
OC Ma•;petic FJe;ds." Pfttsente:: at. tt'e 
Sixth Annual Meeting of the Sloelectromllg
netics So-ciety. July 1$-:;,9, ::.9B4, 1\tlan~a. 

Georg h. 

l~;~ter, 0. W. "Cap~il.:;ry Columr. Gu~ Ch,·c· 
1ratograpt1ic Methods for the Oetermil'ation 
Qf Nitrogen function.<·, Polycyr..'t;: Aromiltic 
CrHilPCordL" f>reseot~d at labcon West 54 
{Tnotlt.ed rape•·), Analytical Ch<'mists '1eet.
i>Jg, May 9, 2964, lGng 8ei;ict1, :al jfornil 

later, D. W, ''Hete"'ocyc1 ic Polycy::l ic 
Arflm<lti,_; CoMpounds in Cva' I iquef"ctHVt 
Pro~ess Materials"" ?resent;:;.d &~t th~> J.p
ternat l Jf'HI! I Conference on l:nv' ~onmen'la' 
Co>Jt11r11lnatio,.,, Imperial Colle;;e of Lundon, 
July 10-13, 1934, London, fnj:jland. 

later, 0. ;.". 
the t><i"r:::q:;"" Fonr;;tional ?olycyctk 1\ro
matic Com;Jot.nds." P•·nsented at the Ninth 
tnter..,,.,t i 0111.11 '>YfllPOSium on .?o lycyc; 'c Aro~ 
O>ilt ic Hydrucarba~~, October 29~Nu•ernht'r , . 
19!34, Cnl;>i!:b..ts., Ord<.>. 

later, Q_ W., (. K. CCte~s. C. W. wdght, 
k i! Lur;;ke, 'J. Q. Hahlwm, .,..,dB. w. Wil· 
son "r-',.,ss Spectrometric and Cfwumat<r 
graphir;; r-'iPt'lOd~ Applizyd to the holatior> 
and ldentlficat.ion of Tu~roriqenic f>oly;;yc~ 

\ir;; Aromatic HydrvC,)t'bons ir Coal ~ique

facti<::n " Presunted at ttl(: 32nd Annuctl 
Conft:r·en:;e on Mass Sp.-ctroTetry il'ld ;>,:c;<J(! 
Topie:o< H".Y 27~J~,re 1, 1984, San A~t<~<~lO, 
Tt.>Xlh, 

ldlfl""', J. 'ol,, R. d. LKk,.., R. A. Pe1roy, 
;:J"!;j S. A. 64f,..dC~oug>c "Araly~iCi!l a:J<i 
CtlrOiilatoyraph-lr;; MethOdS 'fur U1e D«:errninn· 
tion of Cyarc Polycydc Aruwatic Hy:ll'llter· 
bons iro Coal-:erived Mdt.f'>"ials," Pre· 
sented at the Eigh:t lnterr.ationc1 Sy"'J)o~

ium on Polynuclear Arom1:ic l>!yd"OCJrba•os, 
Oct::>t>er 26~28, 1983, Columbo..s, Oh~t 

Luter, tl. w., R. A. Pelroy, 0. ;::, Mahiu.,, 
), J. Wotn1'1)J.;, and f·L A. Hites "Pydr·o·
genated Oolycycllc A•·o,-,atic Hy<;lrocartcr~ 

'r Coal liq...oefa.::;tl<n Milte-.-fa\~, An&lyti 
cal ::he.uhtry and Biologi;;:a· Acthdty " 
Present!'d at. t'\e Ni nt!1 I "'t.ernat '<>nil I Sym
pa"&ium an Pt!yncH:lear Armratic Hydroc>!lr
bons, Oc::~ober 29->,tovernber l, l984, co-:u1t
bu'&, 011ic, 



Lovely, R. 
Tmdco!ogy 
trvmage1t!tic 
fun::: ion." 

H. ''Str,¢i1as or, th' llefl;J.v-iora1 
~·t EC~.-z f:l~ctric Fio;!l::B [1o;c-

Waves 
P-'esented at a 'o/trkshop on 

fl!;<:tromagnet•c Wdves r.rnd N~eurt:b.,havlorai 

f'->m:ti(>fl, August 19-24, 1984 ?tiorlj Con
~vrodo•ll<, a .. l;;pwt, 

Lovely, k. J, A. Creiw, fllld R. D. 
Phi; lips. "ED-Hz [l~ctrt:: Field$ Eft.,cts 
on fxplo"'ati<Jn "'"d Cf•·cd.t:l1iln Oistribwt1m· 
of Activtty." Pr.,sente<i .;ot th>!'! Sixtr ll,n~ 

IVJ<'Il Meet'ng nf the fl.ioelrctrom.agn.,.tics 
S;Kiety, .;u;y 15~1Y, 1984, At:ar1ta, 
G";)rgia. 

lovely, R. , ,J. fl._ Greim, and R. 0 
Pl'illips. "Adult !leh1vioral (_ffryrlt. of 
P~o;;.nill./11 J.nd [nrly Po'it>Hlal fxposvr·0 to 
H>H> L'vctr'ic c;,.)<lf- '" R3L~. h·.;·"<'''t.;,d 

C<t tn~: 215t Gi>:-w'r"' 1\;,~.c~tlly nf 0R:,J, 

u:;::../BEM:-., 4tg\ht ;:-t-3(). 191:'4, fl:-;"""'-"'· 
1 t;;' y _ 

LOVt<ly, R. •t. and Jl 
Ctlflli<ln ar·d f<VOli1!1<10" vi i,O-H~ [,,•,··,-i~

flf'1i1s ::,.,_,,elt:ar·y ·Jf (rrf',·t~ amJ "-~7 honar' 

c•tero " Pt"'~'"'t"'U at ~·w 2:\r·d ;:,,.,.,_,.,) H.•' 
to>'U L'fr: Sd"'>·~.-s Syw;:.~SIW''· 0c1d><-r C'·'l, 
1934_ RlchlC~r'J, Wn'Oh'r-<JtLHl, 

:.tnd D<Ott:rmiro;>tinn o'lf '"yaroty F'(1~'>'cycl i:: 
An,,·;;tic hyd>-oc.ad1f.llh •<' Cval ;_;q,w!;tct!v, 

M'-'tonal::.. · p,-""""t.ed at the Nintl' lrt<n·· 
.-,,, l i ~.orC>) \'yfl'PO s i ~r> on 
"Y•i>-"0Utr~cns, Dc.tvb,..r 
tolu11:01.,,,, 0"1io. 

h>lynucl.,a" 

?'J·Novr<l'lL"''' 

Arcw;;~l. k 

1' 1924. 

Hd,~um, 

"<ll-re;y_ 
Cl., M. f _ Fraz1e..- :w'1 fl. A. 

''Compa~~·son :11 !,-, V'trc. ~:>r:.i !,-, 

Vivn <;y:;h,n;, tor Bi\lassny of ,:,-,mp:0x f'o'ir 
t,,.-,,~." ?re,.PntPd ,q the [f>•l C:orfPrPr>C0 
"-''' '•lhPt·term Gf'n•yli£· Bioa·;s,Jys in Hn 

t_,•c~luatio·' of Cunplet (nvh·un•.c·•·t"' Mi;~ 

Lweo, Milrr.'' Y:~zs. 1'Jtl4, 0'-"f•"l Hil1, 
Ncr::.t- '~ilr'C;li'I!J. 

Millo!uirL 0. il"ct C. L_ ~pnn;:ar. "Cff""'~t 

of h!'!l<~~ FPnmvt•un l•hJdi'iers or O>ki11 C:n-· 

c i noqtt<t)S 15 by 

51S'nted !!L th<= 
Arcmilt lc Hyd•"oca~t:ors, Oct.obe,· 
Oi"¥' 1, 1':184, Cu U11bUS, iJh1n. 

"lal'ILn>, D. !). , t 
iir>d 8_ W. Wl 'SO'l. 

w wrighl, !: K c>-wss, 
"[ffect o1 f<l-Jtri¥ Co"'-

po,.iL'itn 011 Expressio~ ot tarc1nog<0,1ic 
Activi:y ._.f Cc:il liq,!ict"S." Pre,;o,Hetl at 
Lh.;, 1Ji•4 J,>terf1atio•>ct1 (<Hu;rfess of >'<1,.;iflc 
BM,1n $oc'eties SywpoduTl 01' f'olynucl.,..:<J" 
Ar-o'>Htic Hyrkocarhons (f>A4) ip '::.h!" Work~ 

place, l,);,<CU!11b.;,r· 15-21. lq84, ><mwlu"u. 

hihdil. 

,...,->;s, -"· f- T, Crose: 
[ffe<.:ts £ct1mation for 

et. el. ''Ho;;.alth 
Contarr.l'ldted ~rup-

121 

ert\es. Presented at the SiAth fnterna-
ticnol Cortgress of the lntern01tiooal 'l!!di· 
e'tion p,•otli!Ct'on Ass0ciat1on, Hay !-12, 
198.::., Berlin (West), Go<rm.;tny .. 

McCarty, ,, M. "C:iff<?rent Eff<Hts of tut'l
aoasi<~ on A<·imal Tissues." Fro;;.sonte::: at 
the $ymposiLm of t.hf! Wash'ngtOfl Sti)to;;. His
t<:~1ngy !>c<::iety, M'>rCh ?}. !984, Sr>stt le, 

WilSilfngtun. 

HcCa~ty. 

Ar:>r>roach 
K. "1. ;md G_ 
to RE<&P.arch. 

L Ddg1.-. 
rr .. ,;er;ted 

'A T"'a'l1 
!It lhe 

Sympt>s"u.,-, of 

ogy Soc-iety, 
Wnsh i ngt.w-,, 

t'w- \ola~tlingt<m State Histo•

Morch 23, 1984, S.;,attle, 

1-'ill,.r, li. A_, G. l ~p·1ng(>r, 'iild D. 
Mah;,_,~, "Pi!~!-cdugic R<::~P<lll"," _,~ !- ischer 
344 RicltS '~'"' f:D-l "''ca "ft<>r <;"hch-nr>ic 
!1>h~.latlnr i->;..>OHIH.' to" '''';h fh.>•''n9 (c.,: 

, ··q,,i~J " h't>',Pnted .ot tt0 f'i>(!Prdtion ct 

f,>'IIP.t't?n 'iu(..i(t'ips '<J•' 1-Apcri,.,r>nt,;, I H'"~-

•>j)y '4NH>n~r~. (\i)•'i1 j~c, 

M '""'"''" 1. 

~l<<rr' ·,,. 
,\pCer~r.r>. 

[ ~- f•pc_;i,'l'~p·., .:.ml L. 

!•V·;.i_·-, F~o~C'd~l }Y)JI: ::;o· ir• 

tion of Are•·iL4n So(if:1 ;.,, 'or f.>q:.(·~~~ 

,;wnt/11 fliol·:>qy, J<i•l€ .\'!. 1984, St. .N<b. 
llis<:;.:un 

H. [, f _ 

I-IUffiill" ~Yi.>JGf'd tn k.dtiU!' :':<1•-<<hl.'i-\ Jit1d L·,-
d.lli 1•~1 ::;'"" 0v~l." PY(>Sf'l"ted c\L ti1C ;,'')~!' 

;\nnua1 M<i>»tin'J of tne N€d1th f'hY'ilC:i \;.c-i 

ety, hne 3·t:, 10D4, """ Orl~·an~. U•!P">i 
dlld. 

l'elr,-,y, fl. A • M. [ Frc11 ier. Ct, L. S:;;w-
.,r:, J_ 'ri. l«t.;.r, Jf'd 0 ~~- f'o'ilJ!Iu.n "Mut

'"''"nici~;, _,,\d f<""<-i.,ogEn•-:ity ,f r0l·yr:y-e~ 

ic A,-,,.,.,,;~- lw 'ci1•Ccl f-,.ct i.m~ t;·om (:,-,.,1 

Linw~fa:ti'-"' "'"tr,ria~JO:." 1-'r<.>co('l'.!.o;;.d we :'1e 
lnte"ratlwnal Conft>renc« w1 Envin••n•fintdi 
CL>nt,ominatl<;n, Tmperi;o! <o'l'lo·g<' nf tendon, 

"·u'y 111~11, l'lB4, ~omiDn, ~nqla;1d 

PPi)lip~. >?. 0 
t:enric Fiel<:h;· 

"S'c-iogi:::a1 fffec:s 

A CrlCc<>l Re•<e,. of 
Li :.e,·<~~Lre." f'>'<h01tetl ;~:::. a Meeti r>Q o-f 
t~e So:?a:ne City Light, viilnoi'lry 10, Fi84, 
Sealt:e, WA. 

"[ffl'c:::s of bO-Hz Elec~ 

tric "'ie1ds 0'> ti>e furction q¥ the ..,ervous 
Sys':em. '' f'<'>fSCnted at a Wtwk<;h<.)P DI' flee--
Lrcmagnt>tic Wolve~ and 

F~ncti~r. A0ga~t 19<~4. 

~e0oork, delg1q!ll, 

'<eLrc>twhav i <:>ra l 
:'JB4, Pr'orij Cr:r~ 



S<'i»~er, L. B., D. L Lunostrom, D. 
Springer, and 0. D. Mah'u!l!. "I,;oproternol
lnduced Myocardial Made1 ir> Caniiovas<.:ular 
Toxicity Stuai.elL" f>re&ented .at the Ncrth
west See:t.ian Mlll!etiog of the Society fnr 
Experimental Biology and Medicine, October 
13, 1984, Pollman, Washington. 

Sasser, l. 8., K. A. Quante, J. l. Fayre, 
and G. R. Bratton. "Tho;. Ef*ect. or Thibl!li'l 
on LC<id loxicity l'lnQ Tissue Dis"tribut.1on 
~.., the Rat." Presented at tn~e Anm.1a1 Pa
cific Nor~~~st. Meeting of the Associaticn 
of To:-:icolo9ists, Seo;:tember 28-29, l9ll4, 
Seattle, Washington. 

Sikov, "'· R. and B.J. Kelman. "r .. ansoliJ~ 
cental ~ovenents of Amel·i<:lum-4i i" thO! 
Gwhea Pig emd Ea>"ly D-istrlb.Jtion Kinetic~ 
ir> the Da'l!." Pre5ent«d <>t thP. Annu<>l 1-i;,nt
;,\i of the- reratolDQY Society. June J-7, 
1984, Boc<~ Pate!'. Florida. 

Smith, R. D., R:. fl L.Jc~e. a,1d H. P. Ud
snt!\. "thaY"Ucte'"'!ldtie;"O of 5Dpe""critical 
fl..dds Usiq: !lirflct Fl,id :nject1or-Mctss 
Spectrt~netry. Pt·esen'-e:; <>t the 32nd An· 
nc~ul Conf.;r;ence 0'' ,.,as~ Spectrometry and 
Allied Topics, Mdy 27-Jwnfl 1, 1984, 5<Hl 
A.Ptonlo. Tex;Js. 

Smit.'l, R. C., rl. R. <.<dseth, anrl R. 3. 
l.JCk<O. "Chii!~acteri.:atinr"l o~ Supercritical 
Fluid~ Using Direct ''luid Jnj•u:twn-"'as~ 

SoectrO'IIIitry." l're'>ented <~t t,he 32nd An~ 
,..,idl Conference on M<1ss Spect-ometry anct 
Allied 7opics, May zy~June 1, l9S4, Sa'l 
Antonio, fE"xas 

SrrH;.t;, R. U., B. w. Wright, and r<, !<. Ud
sv\..1. "Auvar.ces in Superc'"itical fluld 
Clrof:!atcgrapt;y-Mass Spe.:tr<>"!lt>'!;ry," Pt('· 

i.ented ?lt the National AfllerJcan C'len;i.:al 
SociE-ty Mee~1rg, A"gust z6~.n. 1984. »nil~ 

a::Jelpr>:;~, Pem1syhnmid. 

Smith. R. 0 , 8. W. Wright, .;~nd H. R Ud
<>eth. "New Uv.velopments in Hlql' P<'!rfor,.-
ance Capil1iH'Y Supi!-!'Critic&1 fluid 
Chrnmatugr;,~phy-Mas,; Spectromet-y. Pre-
sented at the 32n.:l Armua; Confennce on 
M.:.ss 5pectrorretry a'ld A11i&d Topic~, 1-!ay 
27-June :, 1984, San Antonio, T('xas. 

Smith, P. D-, 8. W. \olright, end H. R. Ud
st<tt1. "hew Methoas ro:r Investigation of 
SOJpero::rit'ical "lwid St>p;n-ation Processes." 
fl\'{'$ented at tne National Allll!<"lCi!Hl Chemi
ca; Society Meetirtg, August 26-:H. 1964, 
Phi1.;~d;;>]phi<;~, Fenrr.ylv<>nia. 

Spring~;r, 0 L, R. tl. We:t<•<'berg, W. C. 
Weimer, 0. tL Ma'llum, I", !'. Fr<J<:icr, a'ld 
D. w. Late... "Cilrcinogel"licity, M<iltabo~ 

l <r.lll, il"'ld ONA Binding Studies of Complex 
0Fg-a:llc Mixtures." Presented ilt tl">e Poly· 

122 

iH'Orn<ltic 1-lydFocaroons 5ympos.i1m1, October 
23-25. 1984, Columb ... s, O'>i"o. 

Ttwm::lS~H1, fl. <.:;, 

Pre$e'lted at t~<l' 

Onvited ?aper}, 
leans, Loui!>l&na, 

"N.;>ptuniuru RevHi~ed" 
Aroer'c<toi Nuc 1 ea~ Sm;:in:y 
J~oe 3·8. 1984, New Or-

Tholl'pson, R. C., F. T. Cross. G ( ::agle. 
J. f. "ark, and C. L Sanders. "ODE Life~ 
span Radiation fffects Stud>os ~t Pacific 
Northwest Labor3tory." Presented at the 
Z3rd Ann1•-al HanforQ Life Sclefic:es 5ympcs
iwr,, )!;!pternb&>" 27-29. 1903, Rlchlard, 
Wash\:\gton. 

Toste, A, P, "An<~ lysis of Orgar>ir; Ct"e"l<Ot· 
ing Ag~-1t:> in Nuclear wastee; fr.::luding 
T;vl!< lOLAZ "' f'>"«sentecl at the 5eTi'l~r' tor 
U•e- WaH.e Manaq<'ru;nt Proco;;s Technology 
IJ;j~ of Rocl<'well :nternat.iCr'a1, f'apforct 
Operatl.>'IS, February 14. 1SSA, Rlctda<·-..:1. 
',.',;~hir!gto ... 

Toste, A. P. ;md L Kirby, "Chemic.c~l 

::l'ar,.ct"''''~Lic~. "'flgr4ticr Mld FiJt,e 0f 
Ratlio'l.n:1 'de~ at Co1''11f:"Cial S"allcw-L;;rd 
Surial Sites," Pnisent,;.<J in t'le Sb,t:< 
An,.,.Jal ;)Qf _:.>mP Pa.-t.icipantr.' lnfortl'ation 
"lef"t)f'!g. Septe'!lbar ll. lS$4, Oerver, Coln
rado. 

Udselh, !-L P, arC. R. D- Smith ,.Studi<!s 
of Supercri't1cal f1utd Ext-actin'l ar>d 
fractio·\ation Pro<:esses for Pn"lar w1d 
Mio.;ed f:w·ds by Ofi-MS" Pre!io;>,.,te::: at tne-
32r.d Annual Ccnfen,nce or~ Mdss Sp<:>ctro!ll .. 
etry and Alliec Topics, May 27-J:,Jne 1, 
1984. $;~n Antonio, "fe><o:.s, 

Weller, R, r. 

at thE" Veteftnary Cancer Society "vrum at 
thliC Ann-Jc: '1~,;.ting ::>f Lhe Americw1 A-lil'la1 
do:.p;ta Assoc'"tion, .l\pri1 ;;, l984, S.;Jn 
Fran<:ls<:o, C"llftr-nia. 

rnacher, <>nd E. l, "''ilirman, "Serum -l'lyroid
Stfrm;;ai.;ng H0"'11one {TSH) Co•~;:o&dxation in 
EJt'Jyro'd. Hypothyro1d a,d AQ('<J Gcgs,'· 

P•·e~entu:l ;;t the Americiln Colleg"' vr Vkt
erinary tnterf',ill Medlcire $ymposium, ~lY 

17-20. 1904. Was'li~gton, 0~. 

We]hp·, R. E., (> A. Apley, R, P. Sch..,
mac•n:r, and E. L. '•l"ientd:t. "T11yrotnmin 
(1SH) C<:mcentr'dtions 1r futr.yro1d, hy;u
tt1yroid Jnd Agee Colony-Reared 8eagl~ 

Cog5-." Presented at ti'e American Associ a~ 
tion of u:>borato .. y Aniwal S<:::ierce, Or:t.ob.;.r 
;:a-wo.,rtber 2, 1984, C'ncin'l<!lt1, 011i:'J. 

;.,ilson, B. W,, R 
0. D. Mah hJ'll, illld 

A Pe'-ny, f} 

'-· ',{ Wriqi't. 
W. l!;t.er, 

''Cne.,.ical 
l:lasi" to,.. 
Adv.;'lnced 
Prese'lt'i<d 

R<:!duceQ To:.ic•;loglc P.c:_ivity i-1 
(o.;.1 L'quef>Jct•o·~ Processes,'• 
at. the Ninth Annu11 Confere.-;e 



on C~ean liquid and Solid fue:h., !'lay a~"lO, 
19$4, Palo Alto, california. 

Wil"nn, C. lol •• R. A. Pelroy, [L 1), 1'\ah'h.tl!l, 
C. Wriq"lt, and f)_ \ol_ L<~tcr. "Chemica> 
Bash "or Toxtco;ogic ~tivity in Coa1 
LlqLidJ>: A CompurCson of PirPct. dquefac
t.itH1 M.Jteriah." PreJ>ented at the FO$si; 
Basl!d Synfuels Symposium, EPRI, FPA. DOE, 
Univr.rsity of Gl!orgia, Jurw 11~15, 1984, 
Atlanta, Georgia. 

';lri;;;ht, a. w. and R. ~- .S!fit."'. "Capilla .. y 
St~percrittcal r~vld Chrolfatoqraphy: i\p
proaciHH> and Applications " Invited 
spe:aKll!r at the labcon West 84 Conference, 
Hay 6~10, !%4, lol\g Beach, Callfcrr.Hl.. 

\•!"nght, 
seth. 

B. W., R. D 
"Approaches 

"5nith, and R. R. 
and App~~-catio!"s 

Supe:rcr1 t1 cal n ui d Ct;rQ~n<~tography and 
Supe:rcr l tica1 t1 ui ds Chrom<~:t<>gr,J.p(ly-Hili!.s 

Spectroroetry Technique~," Imritt-d speak•r 
at the Pittsbvrgh Conferem.:e on Analytic;d 
Chemists d'"!d Sp.-ctros.copi~t-;;, Mll'·ch 7, 
1984, Atldntic City, New Jero;;~y 

lftriqht, C. W. "5y5t~IRatic N'ome.nc~ature of 
S~<lfur r~mctiona1 Polycyclic Aromi!.tio:. r~y~ 

drccarb<:>r1$." Preqmted at the Ninth Inter~ 
natio'"!~l SyrnposiuiR on Polynuc1ear Aromatic 
Hyaro.-::arb.:>"l$, October 31. l'.:!S4, Co'l Ull'lbLs, 
Ohi a. 

"Cnmparative An.11lys~s c1' 
four Qu.Jootftative Mi-'thnds for Coa1 liQuids 
Analysis Ul;1rtq Cap~l;ar:.' Cclumr> CIH"O!Mtog
raphy"" Presented at the P it::-..sourgll Co"l
"erence, MI'!YCh 5-9, :984-, Atlantic City, 
New Jersey" 





-~· -~·Author 
-~·Index 
• 





Adee, R. R.; 23 
Apley, G. A.; 13,23 

Bair, W. }.; 31 
Baker, D. A.; 95 
Ballou, J. E.; 35, 37 
Blanton, E. F.; 75 
Buchanan, j. A.; 1 
Bunnell, L R.; 93 
Buschbom, R. L.; 31, 35, 39, 

43, 55, 64,69 

Cannon, W. C.; 43, 75 
Carr, D. B.; 43 
Case, A. C.; 13, 23, 35 
Clark, M. L.; 75 
Cross, F. T.; 39 

Dagle, G. E.; 13, 23, 35, 39, 43,45 
Decker, J. R., Jr.; 79 

Felice. L. j.; 71 
Filipy, R. E.; 31 
Fisher, D. R.; 13,23 
Frazier, M.E.; 5, 69 

Gies, R. A.; 35, 39 
Gilbert, E. 5.; 1, 13,23 
Gilbert, R. 0.; 89 

AUTHOR INDEX 

Hackett, P. L.; 5, 43, 59, 64 
Hungate, F. P.; 93 

Kelman, B.}.; 43, 79 
Kinnas, T. C.; 13 
Kuffel, E. G.; 79 

lindberg, R. A.; 85 
lovely, R. H.; 5 

Mahaffey, j. A.; 28 
Mahlum, D. D.; 5, 43, 59, 

64, 71, 79 
Marchioro, T. L.; 93 
Marks, 5.; 1 
McCarty, K. M.; 13 
McClanahan, B. J; 23,43 
McDonald, K. E.; 28 
Mellinger, P. J.; 89 
Moss, 0. R.; 75 

Newton, S. L.; 28 

Palmer, R. F.; 39 
Park,). F.; 13 
Pel roy, R. A.; 51 
Powers, G.}.; 13, 23 

127 

Ragan, H. A.; 3, 13, 23,41 
Renne, R. A.; 69 
Riemath, W. F.; 93 
Rommereim, D. N.; 43 
Rommereim, R. L.; 59, 79 
Rowe, S. E.; 13, 23 
Ruemmler, P. S.; 55 
Ryan, J. L.; 35, 55 

Sanders, C. L.; 28 
Sasser, l. 8.;5, 43 
Schirmer, R. E.;13, 23,71 
Schneider, R. P.; 85 
Sikov, M. R.; 43 
Springer, D. L.; 5, 64,71 
Stewart, D. l.; 51 
Sullivan, M. F.; 55 

Watson, C. R.; 13 
Weimer, W. C.; 71 
Weller, R. E.; 13, 23,93 
Westerberg, R. B.; 71 
Wierman, E. l.; 13, 23 

Wilson, B. W.; 89 





~ 

:~: Organization Charts 
-~- Distribution 
~ 





DIRECTOR I 
William R Wdey I 

j 

LEGAL AND CONTRACTS FINANCE 

Sam J F~rmm. Alia~ F J-ohns!on. 
Dlri7c\<;< 0Jrectm 

~--" ' ' HUMAN RESOUflCES AND 
lABORATORY SUPPORT I 

I 
SUPPORT SERVICES 

J Charles l Simpsnr. ' 
Ji!m.,s J fuqu;,y, 

O~r~!ctm ' Diret:to' 
' 

EARCH '
~----RES 

Oenni~ S, Ceari(IC~. 
: 0 or~rtnr ] ~- ] ! DOE PROGRAMS 

! Rot"'n P ,...arsiMII_ 
, 0Hetl<>r 

~- ] ·---
GOVFRNMENT 

ANO INDUSfAIAL HANFORD PROGRAMS 

PROGRAMS Wdlldll' 0 R.chf'lond 
o,~uor 

L D"r,a'dW• 'M<>•~- Ou<!<.:\(H -
lOGY ANO 
fM!SH!Y 
f Pa,k, Mpr 

I CHt~!CAl TfCH'IIOlOGY 
i Tl><>r>4S 0, Gh>ka::a_ Mg1 

~ .. 

Er.,IJR<:iY SYSTEMS 
ROJaney M Fleo~«J~rra~. 'V!.gr 

----~~ 

fN\.iiNHI'IING PHYS'CS 

ENV·RONMEr.iAl 
SCIENCES 

fO&CIENCfS 'IESfARCH 
A,NO EI\011\EE'liNG 

O~~·d W Qc;,g,;,eh, 'VI;F 

RAOIQ\OGICAL SCIENCES 

;s;;TE-C!1Nill:OGY-~ 
OPERATIONS 

ENVIRONMENT, HEAlTH 
ANO SAftTY fiESf4RCH 

Wdham J p,.;,_ Mq<-

I,.,STITUTIONAl 
RELATIONS 

John F. B.'lg<;,y, Msr. 

NATIO/IIAL SECURin-l 
TECMr.OlO(iY -

r.I\JClfA!'I fUEl CYClf. 
ftcn,.lcl C t"k"h', M:;· 

NUCLEAR TfCh,.OlOGY 

NUCLEAfl WAST<o 
TECHNOLOGY 

Jac~ t MaHwy, Mg, 

THf.RMOCr F"ICA" 
CONVfflSIO"J 0' 

BIOMASS 
G~ry F Schr&fdhein. Mgr. 

131 

OoO PROGRAMS 

Cw.d R Hann, 
lh;hng Mgr 

EPA PflOG"LAMS 

Der.n:s B Cearl"ck 
Artonq Mqr 

lPRI GRI 
PROGHA'-'15 

H~r<:>lri liM!~, M9c 

I"J'l'EllfCTJAl 
PROPERTY 

Of:VHOr<MEI'IIT 
Euq"''" A, E~ch\:J~h. Mgr 

I 

JI\PAN NUCI.EA~~ 
CYClE PROGRAIV'S 

NRC ?ROC RAMS 

l 06nalri w;u;,,...-,~. M9• 

l PROGRAM ' ' M4NAGfA 

J Ai<;h.,rd f 1\hght,'>S"'" 

BOLO LiNES DENOTE ORGANIZATIONAL 
COMPONENTS IN WHIC?-l ENVIRONMENT. 
HEALTH AND SAFETY Rt'SEARCH IS BEING 
CONDUCTED AS OF DECEMBER 1 1984 



ENVIRONMENT, HEALTH ANO SAFETY RESEARCH 

... 

'"'-"'•' ' -:~~-~ ;,:_"- I 

r,l 
L . • 

1 r .. .. . LJ ,.,_, --
L..::______c 

PA(-If'C NCI'!TPW(ST LABOIIATOG¥ 

Wll WLP-

~-~~·· 

_j 
'l.t~ " - >! M•" 5Mn 

Rl-St~RG~ 

.,_, ""'" 
' ~'"'-' 

'i0'C 

. 
L 

"""''""'"'''" --- """'"' 

""'' ., "' 
'" """"'""'"" 

- )!(ILD 1 'NFS o 1;NOH Q!F;A"HltT-ON.'I.l 
CGMN)NftHS I'IJ WHICI-l t<·MTH A:\0 
[NV RCI'<Mf.I'HA. ROSll\fiU< 15 Rri'IIG 
CONOUCTff! AS 0' OlCl·MBfR 1 1\:!H 

~ 
... "' 

~-··_____., 

. ·:c.: . I 
~ 

. . . 
. . 

B 
-- fiJO,('TOQiln'i_ ..,AN4GfVU<1 RfLA',:)!-<Sil!P 

•••• H-<(.Sfl r<'QGR!<M MANAGf MFf\IT PflATIONSlil'-' 

132 



DISTRIBUTION 

OFF SITE 

G. E. Adams 
Director 
Medical Research Council 
Radiobiology Unit 
Harwell, Oidcot 
O;.o;on OXll ORD 
ENGLAND 

A. H. Adelman 
Battelle, Columbus 

Laboratories 
505 King Avenue 
Columbus, OH 43201 

AgricultlJral Research Council 
Radiobiological Laboratory 
Letcombe Regis, ~anlage 
Berkshire 
ENGLAND 

W. R. Albers 
PE-24, GTN 
Department of Energy 
Washington, DC 20545 

R. E. Albert 
Institute of Environmental 
Medicine 

New York University Medical 
Center 

550 First Avenue 
New York, NY 1DD16 

R. Ale;.o;ander 
ORPBR, NL 
Nuclear Regulatory Commission 
Washington, DC 20545 

E L. Alpen 
Donner Laboratory 
University of 
Berkeley, CA 

California 
94720 

T_ \ol_ Ambrose, Vice President 
Multicomponent Operations 
Battelle Memorial Institute 
505 King Avenue 
Columbus, OH 43201 

E. C. Anderson 
Health Division H-00 MSBBl 
Los Alamos National Laboratory 
P. 0. Box 1663 
Los Alamos, NM 87545 

M. Anderson 
Library 
Department of Nat i ona 1 He a 1 th 

& lolelfare 
Ottawa, Ontario 
CANADA 

DISTRIBUTION 

Raymond K. Appleyard, Director 
Biology 
European Atomic Energy 

Community, EURATOM 
Brussels 
BELGIUM 

Oscar Auerbach 
VA Hospital 
East Orange, NJ 97919 

Stanley I. Auerbach 
Oak Ridge National Laboratory 
P.OBoxX 
Oak Ridge, TN 37B30 

J A Auxier 
Applied Science Laboratory 
1550 Bear Creek Road 
Box ~49 
Oak Ridge, TN 37831 

R. E Baker 
Directorate of Regulatory 

2.tandar·ds 
Nuclear Regulatory Commission 
Washington, DC 20555 

J. S Ball 
Bartlesville Energy Research 

Center 
Department of E:nergy 
P_ 0 Box 1398 
Bartlesville, OK 740D3 

D. S Ballantine 
ER-74, GTN 
Department ot Energy 
Washington, DC 2D545 

Ralph M. Baltzo 
Radiological Safety Division 
Univer~ity of Washington 
Seattle, WA 98105 

R. W. Barber 
PE-221, GTN 
Department of 
Washington, DC 

Energy 
2D545 

G. W. Barendsen 
Radiobiological Institute 
Organization for Health 

Research TNO 
151 Lange Klei~eg 
Rijs~ijk (Z.H.) 
THE NETHERLANDS 

Anna Barker 
Battelle, Columbus 

Laboratories 
505 King Avo;>nue 
Columbus, DH 43201 

133 

PNL-5500 PTl 
UC-48 

Robert F. Barker, Chief 
Products Standards Branch 
Directorate of Regulatory 
Standards 

Nuclear Regulatory Commission 
Washington, DC 20555 

N. F. Barr 
ER-73, GTN 
Department of Energy 
Washington, DC 20545 

J. K. Sasson, Vice-President 
Raad Op Atomic 
Atoomkrag Energy Board 
Privaatsk X 2S6 
Pretoria 0001 
REPUBLIC OF SOUTh AFRICA 

J. R. Beall 
ER-12, GlN 
Department. of E:nenJY 
Wasl1ington, DC 20S45 

E. ',,'. ilean 
Rocky flats Area Oft ice 
A 1 buquerque Operations Office 
Department of Energy 
P. 0. Box 928 
Golden, CO BD401 

l M Beekma11 
President. IRPA 
Rooseveltlaan 197 
1079 AP Amsterdam 
THE NETHERLANDS 

D Beirman, Chief 
Document Service Branch 
Central Intelligence Agency 
Attn: CRS/DPSD/DSB/JAS/ 

409779/DB 
W'ashington, DC 20505 

0. J. Beninson 
Gerencla de Protecciori 

RadiolOgica y Seguridad 
ComisiOn Nacional de 

Energia Atcimica 
Avenida del Libertador 8250 
1429 Buenos Aires 
ARGENTINA 

G. L Bennett 
NE-55, GTN 
Department of Energy 
~ashington, DC 2D545 

Stig 0 \ol Bergstrom 
Health and Safety Section 
Aktiebolaget Atomienergi 
Studsvik Energiteknik AB 
s-61182 Nykopi ng 
S~EDEN 



S. 10:, fi<>rr:drd 
H~alt~ P~ysic~ Oivinion 
OaK Ridge National Laborat~ry 
f'. 0. Box X 
Oak Ridg~. TN 37830 

I'. H. Bhattacllaryya 
BIM Oiv .• Bldg. 202 
Al'gonne Nat.ional LllbOn>ttn'Y 
9100 Sout~ Cas~ Avenue 
A>"qonne, I l 60439 

Andrea Bianco 
CN.E.h 
Labcratorio Fisica Sanitaria 
Y. Maz:rlni 2 
40138 Bologna 
:TALY 

W. 6ibo 
DOE - Oak Ridge Operations 

Off leo< 

"· o eo.: r: 
Oak Rldge, ?N 38730 

~'- l!irely 
Lcs P.lafl1os N<l"tlonal laboratory 
?. 0. 8o)( 1663 
las 1\l,...,.os, NM 87545 

fl. W. Bistline 
lnterna~iona" 0\vi~icr 

Rockwell Int<>rnational 
Rocky Flats Plant 
!'. 0. Box 464 
Gclden, CO 80401 

~- P Bl<~wn~tein 

f'E-UZ:, G:N 
Oep-t-t.,ent. of Ener'JY 
~ashington, DC 20545 

erw:e B. BoeCI<.P.F 
Jnt>al11tion Tox1<:ology Resear-c.'l 
.Institute 

fhe Lcvel>:~C« Foundatlor few 
"'edlcal l"d.JC<ition & Resi!arC:l 

P. 0. Box 5890 
Albuquerque, ~M 07108 

V. P. Bond 
lif~ Scl~nce~. Chemistry ~r~ 
SMety 

Srookhaven Natlo~al Laboratory 
Bldg 4&0 
upto~. long Island, NY 1~973 

J. aooz 
j(rA Ji.ll ich [ns<itutE:' of 

M-edicine 
D-5170 JU1ir..h:. 
Postf;ach 191.3 
517 JUlich 
HO£AAL REPUBLIC CF GERMANY 

Jost~-ph U. Brain 
Professor o~ ."h)(t>lology 
Director, Harvard PulMonary 

Sp.;>ci;tl1zec center of 
R.;>search 

Ha.-vard Uni"ersity School of 
Public >1ea1th 

65S huntington Aven:.~e 
Boston, ~A 02115 

C. Brazley, Jr. 
NE-24, GT~ 
Oe-partment of Energy 
Was!'. i rgton, OC 2DS4S 

J. S. 6rig~twe11 

Batte1le, Ge'l"-'"" Res>:wrcl' 
Ccnt""e 

I, Route de Drize 
1727 Car::..,ge 
G~!<neva 

SWITZERLAND 

A. Brirtlt. 
51\SOL-Orw tim; ted 
P. 0. Box 1 
Sa~o)bur;; s:.7o 
REPtJI!LI:: OF SOU7H AFIHCA 

F, W. !lruenger 
Division of Radiobiod::>gy 
Bldg. 351 
Univer&ity of Utah 
$,;tlt ldke City, l)T 84112 

A, 1-1. !lrl<e& 
D'v\sio~ of Biological and 

Medi:::al R+.>sf!arch 
Argcnrf' Natio"ldl labo"atory 
9700 Sout~ Ca~5 Aver.u<i' 
Argonne, Jl 60439 

Pat Buh' 
FE-34. GTN 
O~!<partm(>rt of Energy 
Washlngtor:, o;:; 20545 

Leo Bt.s!..ttd 
Collet;IO ::~t 

Wash•ngton 
Pullnom, WA 

Vetef'i •ury M:~;Qi t:;i r.e 
::.tate U"ll"<H'"~lty 

99163 

C. L Ca"t«r 
Nat 10na 1 1nst I tute of Environ
~ntat and Health Science~ 

f'. 0. So>< lll~3 

flt'tt'<t"'C.h Tri al'gl tt Park, 
flC 277C9 

G. W. Ca!>are-::. 
Radiation BH\logy aM Elia
~hysit:;S and Raeialogy 

J'liVersity of lhtct>e,tl'r' 
S~~ool of Med1c1ne and 
Dentistry 

Rocnester. NY 14620 

1 34 

H, W. C<~sey, Chaironon 
Oepar~nt of Veterinary 

fl-'ltho logy 
Lauisia'la State 
Baton Roug>:t. tA 

IJI\'v'-'rs~ty 

70803 

Chai!"llHln, Biology Department 
Central Washington Uni,.ers•ty 
Ell<msburg, WA 98926 

M. W. Charle~ 

Central Electr>c1ty Generat lng 
Board 

Berkeley Nuclear Lab 
Berkeley, Glouceste,..sh-i""<l' 
Gl 13 9PB 
E"'GlASQ 

P, Cho 
ERM?3, GIN 
Oepartwe"lt of Ene~gy 
Waslli ngton. OC ZOS4S 

C. f. Clmnente. Directcr· 
Radiatinn ~oxicology 

Lat:Jo•·atory 
Cil~accia Centre for Nuclear 

StLldies (CSN) 
Natiorlal Committee of Nuc';;ar 

("lergy (CNtN) 
Ca:;ella f'o>ta.le- 2400 
00100 Rorna 
ITALY 

Yv,.;,rne Coc::><lng, Librar;.,, 
M'ii'Oic<ll Research Counc;l 
Rad1onialcgy Unit 
tlarwell, [!idt:ot 
Oxo."l OXll 0'4'0 
fHGLANO 

"" Cone" 
!'few York Universily !olo>dlca' 

Cer7.e>' 
TUX~DC, 'y 10987 

J. W. tcle, Jr . 
ER-73, ur.~ 

Oepart~ot af Energy 
Wa5hirlgto~. OC 20545 

~. 1\. Coletta~ 

NE-25, STN 
Uepart~~ht bf Energy 
Wasllingtor., UC 20545 

w. Cccl 
Nuclear flllgula~ory Commission 
Washington, DC lCS4S 

H3n5 Cottier 
Institute of Pathology 
University of Serr: 
JunkiH'nga5lH! 2!> 
CH 3-0H B€rn 
SWITlf RLAND 



Council on Fr.vfronmlH>tal 
Qw<>lity 

72 ,j;a~l:l>Ofl P"'<l.<:.l:, NW 

lo.'a-:>'1ington, OC ;woo& 

K. Cow~er 

Oak 1\idge N.;ttionlll Lllborator;t 
P.O.BoxX 
Oak RiQge. TN 37830 

D. K. Craig 
75B4 W~s.t 1 ak~ 
6.:. ~-1"-~Sdll, M0 

Donald A. ::reasia 
Frederick :ancet R!Os!Oarch 
Center 

f" 0. i)O>< 9 

Fred<!'rick. MD 21.701 

f P Cron~ite 

lo!edi.:;:a1 Oepartll"lvnt 
Sro<;>kh<>V<F1 SationJ.II :.abontlory 
J;:.ton, l•r>Q 1&l<>N1, NY l:C97J 

>-. T. Oaw, Director 
bt~rnati:.na1 Atot"ic E"ergy 
A;;.,r·:y 
Kaerl'~r>er ri"lg 11 
"-lOlC 'IIEI'na 1 
Al!STHI.A 

F. G. O<tw~on 

Battelle Memoriill Institute 
505 ~- i ng Avorul! 
Columbus, OH 43201 

,, . 0€'a ~ 
EP-34, GTN 
Department of Energy 
Wa;;hingt<;m, DC 20545 

Benjat"in de 1<> C~ul, Head 
Biomed1ci.t1 !h.!partroent 
l<epublic of th<e f>tdllpp1r;er. 
N<~tion«l $<:len:;.<; Oevelnpment 

!lua,..d 

Phi J-ippi ""' Atom H. Energy 
Cmrnn-;s;;lor, 

P.O. Box 9:$2 
Manil<> 
""Ht PHlLI~f't',($ 

ll OE!~ping 

f'rofe»r.or ant:. l::irl'!ctor ot 
North Ch1na lrstitl..te of Rad
iation P>'otect-ion, Nlo'II 

Tai~yuan, Shan~xi 

THE PFOPLE'S REPUBLIC OF CHlNA 

Oi re.:tor 
Commissariat a l 'f.nergie 
Atomique 

:::entn.J d'EtuOe;, ~~~de<'!ircr. 

h:nteni.I,Y-.>Uit-Rts&\ (Sci11c) 
fRANC£ 

Ui rector 
CommOnwealth Scientific 

and lndustrial Research 
Organization 

Aspel"ldal, Victoria 
AUSTRALIA 

Ousan Djuric 
Institute of Occupational and 
Radiological Health 

11000 Beograd 
Oc1 iqradoka 29 
YUGOSLAVIA 

T. J. Dobry 
OD-226.2, GTN 
Oep~rtme~t of Energy 
W-H,'lhgton, OC 20545 

00£ Teciv1ical Infonration 
ce.-,ter (JD) 

rt Dousset 
D6parte~nt de la Prot..,ct1o~ 

S!Hli tal .-e 
Co,.,.,lssarlat a ; 'Enerq-ie 

At.onique 
B.P. No. 6 
92260 Fe>ntenay-au)<"_-Ro~e~ 
f'RANCE 

B. Dro7dow>cz 
lnt.ernat\on~l Coal R.,_fliHng Cr;~ 

P, 0. Box 2752 
Allentown, PA 18001 

H_ Drucker 
Ar_gon,\e National Laboratory 
9700 South Casr. Avenue 
Arg<:mne, ! l 60439 

'<. IJUCO\J&SO 
Section de Patnologie et de 

Toxicologie fxpenJl!ent.ale 
O<i'p<~rteme'"!t de la "'rot.ection 
Sa.~it<~ire 

CoJl!IJ!issariillt <1 1'Enerqie 
.Atomique 

IJ_ ?_ No, 6 
92260 fontenay-aux-Roses 
fRAI'ICL 

G_ o_ Ouda 
ER-72, GTN 
Oepart~ent of Ene~gy 
Wash1ngton, oc- 20545 

A, P. Ouha'l!el 
ER-74, GTN 
Depart'll~nt of Energy 
~ashington. DC 20545 

Donald Dungworth 
Associate Dean of Resear~h 

and p.-ofessor & Ch;;irman 
0-epart'llent of Veterinary 

Pathology 
School of Veterlnary Mod'c'ne 
Univer£ity of Cal~for"iq 
O.avis, CA 9SGJ.6 

135 

f', !l. Cvnnaway 
OOF. Oak li.irt{;e Ocer-atio>tr. 
;)ff1ce 

P. C Ocx £ 
01tk Ridge, T" 37380 

J. Owoster 
National Radiolog-ical 
Protection Board 

HaNo<e11, Oidcot 
0;-o:on 0)111 CRQ 
ENGlAND 

Jacob Eapen 
Staff Qua"tott'S 
i C LII..N. 
Sawa~l;ar '-lal'g 
!}>dar. 8omh11y 400028 
lNOtA 

Ketth [;;kerman 
H~alth Stvtl1ot~ Section 
H<Mlth and SJtet,y Research 

Oivl<.hm 
Cak llioge fMtlona1 Laboratory 
P C i.lox X 
Car Ringe, T~ J7S3J 

C W, EC1rg~.or 

ER--lC, :;r~ 

Decartrm:n'l of fr-;eryy 
Wa~hington, DC 20545 

Mo:>rrf1 [iS<HllHJd 

Nnw York University M<>dica'l 
Center 

Tuxedo, NY 10987 

w. H. F' 1o;:tt 
E<W < "Ofl'll<l'ntal Prot.tH.:t i or, 

Agency 
W'<lt.hi<Jf!lon, Ot 2J4QO 

Erncloynent Me:d't:?ll A0>tlsory 
Serv1ce 

Deputy DlYector, Medlc.ll 
Services (Scientific Policy) 

1-htb lth and SJtety fxecvt i ve 
25 Ch#pel St>"eet 
Lorwon l.i'oli Stll 
P<GLA'<C 

iL M. Erlck.r.:::w 
::cr: Sct·ere::. tadJ' ~a vi! 1 

keact.crs Ctfice 
1'. C: flex 1C69 
SChiH1<:!Ctady, ~1' 12301 

E~taCo Agror,ilmi~d Ndcional 
Bib'lioteca 
2780 Oe-irar. 
PORTUGAL 

R. 0. Evant. 
4621 Ear.t C-'yr.t:H Liu'e 
S;;ot.t::;t1;;~"(', Al 85252 



N. a. Everett 
Oepartttlent of B:'ologice~l 
Structure 

!Jn\versity of W.>shiogton 
School ~f M~di.;.ine 

Seattle, WA 98105 

Ha:os L f'~;~l..; 

1\ssoci 01te (H rector for 
Pr"oqr.;~ms 

Nat..ion"l L"!stitute of f.nvirvn
mente~l Health Sciences 

p. 0. Box 12233 
Research ·rrjungle Park, 

NC 2770':! 

S. L Faw<;;f.'tt 
S!!tt<'!lle Memori<ll Inst.itut ... 
535 Ki<1g Avenue 
C0lu~bus. OH 43201 

L fe-inendeger:, lHrectcr 
lnst1tUt f0r ~dezln 
Kern':'for~:.llu'lg5 sanlage Jill io;.~l 
Postfilcf> 1913 
0-5170 Jiil kn 
;:LOERA~ REPIJEUC OF G£R'1ft.HY 

I. H. F 1 'edrl.o' 
Abt>te<:ung ftir .i:liniscl>e 

Physiclogie 
J'livers•tJit Ulm 
Pari<::,tr.tf.;.e 10/lJ. 
79 Uln (Onnau) 
i'EDERAL R£PU8dC OF GERMN<fY 

Jwr;l-iHr C Foul!;e 
Nw:::ear Re<;~ .. !la<uv•y C:lmwi%11:n 
WHI', il'gt0'1, QC ?.0555 

1. G >"fil-"\QO~ 

PE -· J43, G>N 
Dep.a"'t.'ll<mt of Energy 
Wa5hlf'(;:o,-,, OC 2C545 

L fr ioerg 
lhe Karolinska lnstitute 
5toc!;holrr 
s·wEOfH 

Hymer l_ Frledetl 
School Df ~didne 
Romn W144 
ll~9 Abington Ro#d 
(ase-l.'e$tern Rese:rve 
University 

Clevela~d, OH 44106 

R. M. fry, Head 
Health Pt-ysics Research 
Section 
Australia~ Atomic Ererqy 

Commi!>sion 
Prha":"e "'ai I Bag 
Sutherla'ld, N.S.w. 
AlrSTRAUA 

Minorw fujita 
Principa; Scientist. 
Japan Atomic Energy Rese~rch 

Institute 
Tolai Resean>"l E;tab'ishmeot 
Tokai-~ura, Naka-Gun. 

ltmraki '\en 
JAPAN 

0. f G<>rdner 
Nor·ti'Jop Enviromrmnt;;~l 

StiBrJC<"S 
P. C. Box 12313 
Researcn Trianqle Park. 

NC ;(11'09 

R. :.>arncr 
Envlrcrmental Protect on 
Agercy 

R€<5f!ill'Ch Triang·i' Par~., 

NL 27711 

Cllar1e:; l. Gibson 
83tte11Til Ht>morial 1nstit.Jt(' 
505 King Avenue 
Co'r..'l'flb""'• CH 4320:i._ 

H. L_ G.:'drup, H~act 

r<i!illth Phy~-lcs f).,partmert 
Atam;c Energy (ol!!missicn 
Rese<~rch Est.f.lb 1 i stlmer.~ 
R's6, RoJ>kilde 
OFft'>IAiU 

MJ.rvir Goldman 
Li!bor«tory for tnergy-Relatect 

He a I tn ;{esJi>arch 
Jriver;ity of California 
Cavi s, CA 95616 

f'L Goldsnith 
ER-7:5, C'7N 
Dtr3rtment of £neryy 
~as~ington, OC 20545 

A. ll. Gop.;il-Ayeng.p· 
c/::J P. ~-- Oa.yamctri 
J.5-0 Gulmarq, Anus~aktinilgar 

Bombay 400094 
!NIH A 

Judy Crahe~m 
Errvi rr;nmenta; f'rotect' on 

1\gf!ncy 
Mil i 1 Or<;~p 82 
fl<.'sei.'lrch Tri;ngl<> f>.,rk, 

NC 27711 

0. Gra'>;~ 

Argonne tt;,otional labor,n.or_y 
9700 se,th Ca5>s Avrmue 
Argon11r;, l L &0439 

R··cr.ard A. Grie~emer 

Biclaqy Division 
Oak Ri;jqe National Labo··a.tory 
P. 0 flox I( 

Oak Rictg<>, TN 37830 

136 

G. H. Cronhovd 
Grano forl<:s fnergy Research 

Cent<:r 
Oepar"tme'lt nt Eoe,..gy 
eqx 8213, uotvenity S-t.ation 
Grand Forks, ~0 !:8ZC2 

J. G. Ha.dley 
C~ns Corning Fibevg1as 

Corporation 
Tech~i~ql Center 
" 0. Box 4l5 
GNnville, OH 42C23 

f. F. Hahn 
lovelace !Tlh<~l<~tion ToxicQlngy 

Resea•·ch fn~titute 
P _ 0. Box 5890 
A ltUQ.lOH .. QUi'' NM 671; f, 

~Obert H<~ml in 
Dept. cf Veterinary »hysio1 gy 
The Ot·>io StiH.e University 
1900 Coffey Ro.:;d 
Co1ambus, OH 43201 

R. Ha•·oz 
Batt .. 11e, GerH!Yd Re.,ear::;:~ 

Centre 
7, Route de Drlze 
12?7 Carouge 
Gene• a 
SWITJ[RLANO 

J. W. H>;;.a::y 
lo5 A1arros Nat.i;;:nal Lau.arat•·«_i 
P. 0. Bo.>< 16€3 
~O~ Alamos, NH 8754~ 

Wang Hengde 
North Chin.:~ ln!.Ctut~t of 
~adiatlon Protection 

r 0. Box L20 
Taly<Tan, ~t.anx' 

THE PEOPlE'S RH~BL!::; CF CH:t.IA 

C. H. Hobb:!i 

[nhalatirm ':'o.d:.-ology 'hH"'ar::;q 
rn~titute 

;::. . 0. So"- 5890 
AJbqquerque, 1'IH 87;.1& 

L M. Hollar>d 
Los Alai'ICS l'<ational L<itDri'!!'!.or;.· 
il. 0. BGx 1663 
~os Alamos, NH 87545 

"!. "'· Holl iste-" 
f'f • 20, FORR 
Wi1$l'ingt.on, DC 20S4S 

0. $. L"<g1~; 

Oayton Ari-'a Office 
DOE - A1buquet"O!Je Ccer·atiOJ'" 

Off! c., 
f'. o. Box 66 
l"linmisburg, OH 45342 



International Atomic Energy 
Agency 

Documents Library 
Attn: Mrs. Javor 
Vienna 1, Kaerntnerring 11 
AUSTRIA 

Emilio Iranzo 
Jefe, DivisiOn Protecci6n 

Radiol6gica 
Ciudad Universitaria 
Madrid 3 
SPAIN 

M. Izawa 
National Institute of 
Radiological Sciences 

9~1, 4-Chome, Anagawa 
Chiba-shi, Chiba 260 
JAPAN 

C. Jackson 
DOE - San Francisco Operations 
Office 

133 Broad~.o~ay 

Wells Fargo Building 
Oakland, CA 94616 

K L Jackson, Chairman 
Radiological Sciences 
D-218 Health Sciences 
University of Washington 
Seattle, WA 98195 

W. Jacobi 
InstitUt fUr Strahlenschutz 
Ingolstadter Landstrasse 1 
D-8042 Neuherberg 
FEDERAL REPUBLIC OF GERMANY 

A. C. James 
National Radiological 
Protection Board 

Headquarters & Southern Centre 
Building 565T 
Har~o~ell, Didcot 
Oxon OXll DRQ 
ENGLAND 

Henri Jammet 
Qepartement de la Protection 
Sanitaire 

Centre d'Etudes Nucleaires 
B.P No. 6 
92260 Fontenay-aux-Roses 
FRANCE 

W. S. S. Jee 
Division of Radiobiology 
Bldg. 351 
University of Utah 
Salt Lake City, UT 84112 

R. M. Jefferson 
Sandia Laboratories 
P. 0. Box 5800 
Albuquerque, NM 87187 

K. E. Lennart Johansson 
National Defense Research 
Institute 

FDA 45 1 
S-901-62, Umea 
SWEDEN 

G. B. Johnson 
Battelle - Washington 
Operations 

2030 M Street, 
Washington, DC 

J. F. Johnson 

NW 
20036 

Kenworth Truck Co. 
30 Vreeland Road 
Florham Park, NJ 07932 

R. K. Jones 
The Lovelace Foundation for 

Medical Education & Research 
Building 9200, Area Y 
Sandi a Base 
Albuquerque, NM 87108 

G. Y. Jordy, Director 
ER-30, GTN 
Department of Energy 
Washington, DC 20545 

V. A. Kamath 
Scientific Information Officer 
Library & Information Service 
Atomic Energy Establishment 

Trombay 
Apollo Pier Road 
Bombay-1 
INDIA 

J S. Kane 
ER-2, FORS 
Department of Energy 
Washington, DC 20545 

Eberhard Karbe 
c/o Centre d'Elevage et de 

Recherche 
Avetonou, B P 27 
Agou Gare, Togo 
REPUBLIC OF SOUTH AFRICA 

Masatoshi Kashima 
National Institute of 
Radiological Sciences 

Toyotanakita 
Nerima-ku, Tokyo 176 
JAPAN 

Prof. A. M. Kellerer 
InstitUt fUr Medezin 
Strahlenkunde 

Versbacher Str. 5 
8700 \o/Urzburg 
FEDERAL REPUBLIC OF GERMANY 

137 

C. M. Kelly 
Air Products and Chemicals, 

Inc. 
Corporate Research and 

Development 
P. 0. Bo)( 538 
Allentown, PA 18105 

Ann R. Kennedy 
Department of Physiology 
Harvard School of Public 

Health 
665 Huntington Avenue 
Boston, MA 02115 

Dr. rer. nat. Hans-Joachim 
Kl imi sch 

BASF Aktiengesellschaft 
Abteilung Toxikologie 
6700 Lud~.o~igshafen 

FEDERAL REPUBLIC OF GERMANY 

J. Knelson 
Health Effects Research 

Laboratory 
Environmental Protection 

Agency 
Environmental Research Center 
Research Triangle Park, 

NC 27711 

E. Komarov 
HCS/EHE 
World Health Organization 
1211 Geneva 27 
SWITZERLAND 

H A. Kornberg 
4011 Wauna Vista 
Vancouver·, WA 98661 

Hermann Kraybi 11 

National Cancer Institute 
Landau Building, Room C-337 
Bethesda, MD 20014 

T. Kumatori, Director 
National In~titute of 
Radiological Sciences 

9-1, 4-Chome, Anaga~.o~a 

Chiba-shi, Chiba 260 
JAPAN 

Or. J. Lafuma 
Departement de l a Protection 
Sanitaire 

Commissariat a I' Energie 
Atomique 

B.P. No. 6 
92260 fontenay-aux-Roses 
FRANCE 

R. P. Larsen 
Center for Human Radiobiology, 

Radiological & Environmental 
Research Division 

Argonne National Laborator·y 
9700 South Cass Avenue 
Argonne, I L 60439 



J. L Letel 
Department of Radi e 1 egy and 
Radiation Slology 

Co~orado State U~iversity 
Fo+-t Co1 ~ i m•, CC 8052"1 

librarian 
Austt'a 1 ian Atomic Energy 

Commission 
Riveri~a laboratory 
P. 0. 30}1 226 
0e'1l1it:pin, New South Wa1es 
AUSTRALJA 2710 

librarian, !hdldhg 465 
Atomic (rergy Res~ar~h 

Es tab 1 i&lnr,.;..,t 
~arwell, DiQcot 
Omn 0)(11 0~0 
ENGlAND 

librarian 
Brookhaven Nationa~ Laberatcry 
Rec;earch :_ibra"y, Refer""'" 
Upton, long tsiand, NY 11973 

li br 4H' i ,;w 
Ce'1tr~ d'Etvdes 
Nvchfaires di! Saclay 
P. o. Sox 2:, Saclay 
Fig-gJr-Yvette (5&0) 
FRANCE 

Libradan 
Colorado Stqte Un-'ve~s"fty 
Serials S~H:t.'on 
~'t. ColHn5, CO 60!::21 

lihr;aria.n 
Commonwealth Scientific 

ar0 Industrial Rese~rch 
Ct';<anil;ation 

H4 A lOt!l't St-reet 
P, C. flo.:. 89 
East ~elboqrne, Victoria 
AUSTRALIA 

librarian 
"lea it., Sciences :.1 br;;~ry 
SB-55 
Univer~lty of washington 
Ssattl~, WA 98195 

l ibrarfan 
Kernfor~>ct>ung<:IHOtrl.im Karls r:.1he 
InstitOt fCr Stra~l@nbiologie 
7~ Karl sn.he ! 
Postfar::l' 3640 
F£0£RAL RtPU6llC OF GERMANY 

dbt'arlan 
Ld"'"ll"OClf flddiation liiboratory 
Un~vf'rsfty of CalHor>1ia 
TeehnH:al {l''for-mation Dept. 
l-3 
1'. 0. Box 80& 
Uv~rwon:, CA $4500 

librarian 
los A1amcs National laboratory 
I' (L !'lox 1663 
Los Alamo$, NM 87545 

liorari<Hl 
Max~P1a.m;;k-lnstitllt fUr 

Biophysics 
Fors tkass tr;;~sse 
Fr;;~n~<furt/Milin 

fEDERAL REPVBdt OF G£R"'A\'<Y 

Librarian 
Or€gon Reqionill Primilt* 
!~€search c~nter 

so::, NW lOSt.h Avenue 
Beaverton, OR 97005 

Library 
AtoMic Energy Com~Jssion 
Risli, Roskilde 
DENMARK 

L ibr.;try 
Atom',; Ene:-gy Comm'ss!cr cf 

Canada Ltd. 
Wh{teshell N4clear Research 

£5tablishment 
?1nawa, Manitobil 
CANADA 

B. ,indell, DireCtor 
NatiGnal {nstitute of 

Radiation Protection 
f41Ck S-l04 Ol 
Stockho~ITI 60 
SwEDEN 

Russe, ·: l 'fndsay 
Oept. nf Ccmparat.lve l>!e;JJcwe 
University cf Alabamil 
\Jaiversity Stilt.ion 
&irmingllan, A'- 35294 

FL k inger 
ER~63, GTN 
Oeparcment of fnergy 
Washington, DC 2G"l45 

John !L L-ittle 
Dep41rtJI'I'1nt of Phys1ology 
Harvard School of Publ-ic 

K"'a 1 th 
655 Huntington Avenue 
So&ton, MA 02115 

Shu~ Z~~'VJ L i ..1, 1>\. 0. 
Departwe:'lt of Radi~tian 

Biology 
Bethune Medica I Univer~ity 
7 )(i•Hrin Street 
::til!;C'1U''I, Ji l i :1 

TnE PEQ:>!.[' S ~!:~'UBllC or CHINA 

J" L. Liverwan 
L1tton Sionetics 
5516 Nicholson Lane 
Kensington, HO 20895 

,John L lout i't 
Hedicill Resel'ltx:h Council 
Radiobiologicl'll Research Ur<"t 
Atomic Energy Re$ea~ch 
Establ isM;nnt 

Harwe l 1 , Di d~;;ot 
Oxon OXll ORO 
E~GLANO 

a_ R_ Lul't 
la"'Qr<~tory of _.,,_,;:;1e<~r Medi(i1e 

a:1d Qadiatioq Biology 
Ufliversity of Callf6rrlia 
900 Veteran Avenue 
West los Ange1e$, CA 90024 

C. C. lushbaugr 
MeCi:::al Divislcr 
Oak Rid~e Associated 

Lmiversides 
P. o. Box 117 
Odk Ridge, TN 37830 

Wei l..11<i"l 
laboratory .,r l'><:hll'>trial 

t1ygier1e 
Ministry of f>ubl ic Heillth 
2 X~ nkang $treet 
f.<><>t'angmanwai, Beijing 
l"E PEOPLE'S Rf:.Ft.f!UC Cf :>T'.A 

J. ~- Mi!lddo" 
ER~73, GTN 
Depar~men~ of Energy 
Wf.ls~i~~~o~, G~ 20546 

J. >: Mi!l>~r 

PE~z:z, GTN 
U~p<>:rt-ment- of f.tHP'gy 

W~shington, DC ?0545 

T. 0. ~nhony, ~ 0. 
750 sw-ft Bou';:;vard 
R.;ch~and, WA 99352 

J. R. MiliSih 
Radiobiology Depa,t:uent 
C.E.'o. s.cr.., 
M;;1 
8ELGI:JM 

C R. Harrte)b.!u.>*'l 

ER-32, CTN 
Oepilrtment of Energy 
Washington, DC 20545 

A. M. Milrko, Director 
Atomic Energy Commi<;!'it;m ot· 

Canada, Ltd, 
Biology and Health Physics 
Oi•ision 

Cllall; River Nucll'ilr 
laboratorit=s 

f'. 0. BOY 62 
Chillk River, Ontario KOJ JJO 
CANP.OA 



K 'Iars!· 
:..awrence l ivetmcre Nat 'Otld 1 
Labor<~!.-ory 

P. 0. Box 808 
li \II:H'lliOre, CA 94 550 

Rob~rt Mllrtin 
fnvirol)(!let1tal F'rotl'!t::l ion 

B .. aru;:h 

Mai 1 Stop G-lQB 
O~pl'!rtm~nt of E'1ergy 
P 0. Sox E 
Oa.:; R1dg<". T.. 37830 

R. Hasse 
Cornnho,a~'at ~ 1' ~rwrgio 

Atooiqvo 
labcrato1rc dn< 1v.-.l<:<;loyi& 
Exp<iri~m>nL•lP 

!l P No. 5&1 
9C54Z Montrovge C~dek 
fRAkC!: 

w_ ,~_ 1"-«tt.'<elt 
Grad-.dte SctHJOI 
l;ew Mt<,.;ico State Un··ve-rsi:y 
Bcx 3G 
Las :::ruuos, '"~'~ 880tH 

R . .,, Mi!thilrl,Y 
EI- 421, FORS 

Depilrtm«nt of Energy 
\<lash i n>Jltln, DC 20585 

O'iil<llU M;;~t5:,.-;>".J. Cl1ief 
Iot;>rnal Expos,>r.:- Lab~;~rutory 

Oh-"isior of l'ladiathw Ha:t?!"'ds 
kat'oN:!l lnstitJte Ot 

Rad'ic;r;,;ic<>l !>C1('tlCCS 

9~l ~nasawa, 4MC~owe 

Chiba~s~i, China 2&0 
JAPAN 

Naonori Matsuseka 
DepartmEnt nf Veterinary 

Fharmaco logy 
Fanilty uf Agricultvr<" 
:..ate Uriversit)' 
Ueda, ~crtaka, lwate 2&0 
JAPAN 

D, D "!ayt-ew 
ER-63-, CTil 
Departme-nt at E~etgy 
\olashington, DC 20545 

C. W. May~ 

Division of Radiobiology 
Bldg, 351 
~nivet'c:>ity of i,;tah 
Salt LaKe C-rty, ~T 84112 

1--L 1-'. McCammon 
ER--7,, G-N 
De-:;~ilrt~J~ent of Enerqy 
wasl1i-1gton, DC 20~5 

W_ McCasl i'1 
INEL, AerQj;;t N.Jclear 
SSG Se~Ond Street 
Joaho ralls, ID 83401 

R. 0. M~Clella'l 

Ini">alatioll TO_I(icology Research 
Institul:e 

LOVI"lace Foundation for 
Meaical Educatio'l & Re~earcl'1 

P. c Box 5890 
Albut;uEr<;ue, N~ 87115 

T f. 11-tCr-aw 
PEM222, GTN 
OepartmeJ>t of ~nergy 
Wasningto", OC 205.:_; 

G. \1. McG1>rl 
Cepartme"lt of Energy 
Plttbhurgh !::nergy Techno1ogy 
c~nt>!'r 

i'. 0. Box 10940 
Pittsburgh, PA 15236 

i'lorem:-!o-Isagan' S. Me-d'r-a 
Cylogenet ics Labo-ato-y 
Bionedica' REsearch !)'~-51--::r 

A .'l:_ (';_ 

Phil-ippine Ato'T!:c Ene-gy 
Conm"ss;'o" 

f-'.0. Box 912 
Mani 1 a 
THE PHILIPPINES 

C 8. Meinhold 
Jl1c;.tr·un .. omtation and H~alth 

".'lysic.s Oepart1I!ent 
Broo.;llav»n katlonal ~abo~ato~y 

Uptt,.l, LOiig U-land, NY 1::.973 

M. Mendelsohn 
liiomedical and Ew•'n;mmenta: 
~ec;.ean::h Program 

lawrence '. in•rnore N<~tioni!:; 

Laboratory, L -523 
Unfv~rsity of California 
I>. Q_ 80>< ROB 

L f vennore. CA 'l4;>;>G 

Ha•·o1d \1enke5 
A$?'?tant Professor <>f Mthli~ 

c->ne & Env,ron.-..e-nt.a' Mi!<licir-1! 
-ho; .John Hopkins llnivfl'''£i!.y 
B~lt>~o~e-, "!D 2LZU5 

0-- B. Men2e~ 

Associate P,..ofessor of 
Me-di<:irle a-nd Pharmacology 

Division of Environmental 
Medic1ne 

D~~e University Medical Center 
Dl.lriHOl, NC 27706 

T T Mercer 
(hiversity of Rocl1ester 
Sc·H1ol o~ Medicine and 
D-entistry 

ROCI1i'5t€'r, NY 1_4620 

l39 

Pietro !lleta!1i 
laboratorio dl Radiopat.Ol(•g·-a 
National Cowmlttee of Nu~·.,a~ 

Energy (CNEI<j 
Cdsaccia Centre f~;~r NrKlea'" 

Studies (CSNJ 
Case) )a Po~ tale 2:400 
00100 Roma 
JTAL'i 

Henri M€t~iV11!T 

Ce'!tre d'f.t>Jdi'S d» Br>Jye,.·es
le C~atel 

laboratoire di' ':'o.-icoloq'e 
Exp>lt'ltnentale 

e.;'. No. 561 
'.!2b42 l>'ontroug.;, Ced"'x 
f;;:AN(£ 

S. Mkhltd;.c," 

\Jf11V0f'S1ty ot Rcctwst.eY 
H<:;JJC-i\.1 (0FlEf' 

RccMster. NY 14542 

f J. "''!'h.~.:: 

llalt0':e, tc:t.lllCv~ 

I d;c~;st.<J.r"LS 
505 K · ry Avu t.& 
Cc 1 U'I'lbUs, Of-> 43t'Jl 

-,• A "11 1 ~ ; 

Health Effects Brarci' 
tlw.;lnar Requ1dlC•'Y twmmission 
lo'~shioqtcw, DC 20555 

M, M'nthorn, Jt' 
£R~72, GTN 
Uep.:F·tmtont of Ent.''9Y 
wash'nqton. DC 20:045 

4. Alr.n .11vgh~ss~ 
frwlron'I'Wnta' Pro~rct><:"' 

Agoncy 
401 M St~~et, SW 
wasld<~gton, DC 2041)0 

ft n Mole 
Merltcal Research Council 
~;:Hllotdclcgin!1 Rese"""" llmt 
Harwell. JHlCUt 

Cxcr. OXll on;; 
PiGLA'.2 

C. IL Mut1 
H: 23, GTN 
OepartmtHlt of [ner\;y 
\olasf>il!gto~, OC 20545 

A. Morgan 
[rthalation fo><.1co1ogy Group 
Env T t'Oillmeote I and Medical 
Science5 Oivi51on 

1\turdc ErHY''9Y Reseat'Ch 
Fstablid>'lwnt, B~dg 551 

Hi!rwell, Oidcot 
Ovon OXll OkA 
ENG~ANO 



B. Horgi!.t) 
i'lOf - Savannah River 
Operations o•~i.::e 

P. 0. Box 1\ 
Ai..:eo, SC 2S8Dl 

K. 'L 1"1~:-r;:an 

1984 Castleway Drive 
At 1i.H1ta. <>ft. 3034 5 

R. H. 'lorg<w 
Tne Jol'n 'iopkin$ Medical 

:nst1tutioe1t 
Oepartm~nt of RaU1olog1ca1 
Sc~·er,ce 

5ci!OD~ of Hygi,.;w, a<'c "ubl ic 
Heilltll 

615 North ~olfe Street 
ei.\lti:not"e, MD 2:120$ 

0. A. MJrker~ 

Oep8rtq><;>'1t of fladi<>tio<> 
B<ology a'1d Biophysics 

Univer;;ity of Rochester 
S.:.·hool at' Medi<;ine ar>d 
Dentistry 

260 Crltte'lden Bouhevard 
floche'.\ter. NY 1462() 

P _ £. ,"'crrow 
Cerar·tment of ~adl:;~tio'l 

Biclcs;y and Biophysics 
Un'versity of Rochester 
Sch~;oo' of l'l?r!ic i "" anC 
Oent"'stry 

ZEG Critt<o''>d<>'l flot_.)pv:u<l 

Rochester, NY 14€21) 

Y. f. "lo<;!ralev 
!n~lftute c( iHophysics 
M'n'5try o# Pt~Plu: '-'ealtr• 
lhlvcoisnayi'l 46 
M<Nrqw 

USSR 

w. E. M::>:r. 
Pf-24, GTN 
Depart~nt o!" f:nergy 
Wdshrnnton, OC 20545 

J. Mw~'er 

Special $t1..:lie~ and Services 
Braner 

8th flour 
400 Untver'>ity Avenue 
Toronto, Ontario M7A :T7 
CANADA 

Dav~ct K. Myers, Head 
Radiaticn Biology Brancl' 
Ato~ic tnergy Commission of 

Canadll, Ltd. 
Chall( River, Ortario 
CANADJ\ 

[l_ S. Nact,twey 
~ASA-John5of1 Space Center 
Mail Code so-s 
Hou:;ton. TX nose 

Dorri$ a. Nasr 
Editorial Asslstart 
Oepartnent of RaQi~tlon 

Biology and Biophysic~ 
Unive,·s-ity of Roc'1e.s-t1u· 
School of Medicir£< and 
Dentistry 

2150 Crhtenqwl 
i<:ocheste:", t<Y 

flo~Jl'!vard 

14620 

N.:.tiol'dl Liorary of Med;cine 
TSD-Serials 
B600 Rockv111e Pike 
Bethesda, MD 20014 

5. "' Nealey 
Sattel le ~ Seattle 
4000 NE 4l'>t Stn:;.:;t 
Seatt'e, WA 98105 

~. C. N>Jrrc!., Ocputy Dirtv;t·~"' 

OVpa,·Cernenl ov Prot,.ct>on 
Centre a' Etud<.<s N.Kl6aire 
B.P. No. 6 

92260 FontenaJt-Au;v Ro~e.s 
tRANCE 

~'<~ul I<<H~esh<>im 

Nation.fl hstit~rte~ of Ef>ll'' 

ron'tlnnt<~1 flea l th 5.: i Bf1Ct''
Research Triangle Par~. 

NC 27711 

,._ ll. 'ley, Exec.Jtiv"' Oi~ec;,or 
Nat;ont~l Co.J'lci'l thl :<<.~dint' or 

Protectinfl and Me<J5'-'It'ene!lt 

79'0 ;,tc,<>rfuicrt Avenue 
Sult-e 1Jl6 
wasr;,,gt:;.'l, OC 20014 

S. W. N't~l!>t~n 

O~partmert ct Pathology 
ltew York Sta':.-e Veterin<<''Y 
Co!!e;;t 

Cornell Urdvd'sily 
Ithaca, ~y 14850 

R. A Ni:ar 
01~\tior of S;iences 
""""t;ingt-on State U•Jive-rs't.'l 
F'!.lllman, WA ~9164 

Nuc'ear Re9u1atot•y Cornmission 
AdVi5ory Committee on Rellctor 

Safeqt.ardS 
Washingtot,, ~lC 2C555 

"'hoonas e. Q;,fflr; 

Project Off'! c.;r 
Smoking and Healtr Progran 
National Career 1P\>titLte 
Beth>tsda, MD 2CJ14 

DL Jert.y P;;cha 
Silesian Univer:;it.y 
Cepi'lt'tme-ht of Microb"'oloi)Y 
40-032 KatO«lce, UL. Jl\ 
Giel1on~<.a 26 

POLAND 

140 

Claire C. Paln1ter 
714 Univtor$ity Boulevard West 
Silv.,r Sp-inqs, MD 20901 

J. L f'alctay 
Oregut1 Regionill Primt~te ce,·t.r.r 
505 N\ol 185th Avenue 
8edv~rton. OR 97005 

G. F';:rtrick 
Hedical Researcl' Ccunci I 
RadiobiologJcal l<es('arch Uodt; 
Mt~:r-we l J • 0 i dcot 
Oxon ox:.: ORO 
ENGlAND 

[)_ L t'<rtter'.\OI"l 
PE-2:4, GTN 

a~partm~nt of En~·~ 
Wilt'lington. OC 2054;, 

fL 5. ?aul 
Sutte!le, Columbus 

labo"'at.o"·ies 
505 1'. 1 ng I\ ve-nue 
Columbu~, OH 43201 

R ,.., Pelroy 
ER~72, G:'"N 
D<:partment of tne~gy 
Wt~shi 'lgtun. OC 20545 

Ale;.. F. Perge 
RW'-43, fORS 
C:'-!partnw.nt of Energy 
WAscoi·•gton, DC 20545 

!i ?;:o·raud 
:::o"wnssarioot a l' EnH·g i e 

At::>mique 
0- f'. No. l 
87640 ~'ll~5 

;:fiANCE 

C_ f. Petersen 
l<'Jfu Alamos National :_aboratGry 
P. c. i>:;x 1653: 
lo~ A 1 atNH, t-IM B7545 

Willia111 L. Petrie 
fxecLtive Secretary 
Naticral Re:;earch Council 
"?ettional Academy at S<:ir.nccs 
Ndtionql AcaoeWo/ of 
Engi<~eering 

2:01 ConstltutioCJ A.'i>'lue 
Wash;ngtnn, DC 20418 

he I er> Pfuc.,rer 
Oak fddge Natv:wal Laboratory 
P. :1. :S\ix X 
Oak R;dge, TN 37830 

A, A. Pitro1o 
Morqant-OIO'n Energy Reseurch 

Cent.-,r 
Departr•ent nf fnerr;;Y 
P. 0. Box 880 
Morgantown, WV ?650:, 



Sir Edward i>octlin 
N~tional Radtolo&ical 
?rotq,tion Soard 

C'1i1tor1, NR. Pidc:::t 
Oxan OKU ORQ 
E~GlA!'IO 

C'ilrla Pohani, Hei!d 
Plvisi<;~rl of R>J~diat'on 
Protect io<1 

Comiv1:e t<<tliooale pe,
; 'Energia NucJea~e 

Viaif' Regina MarqherHa 123 
00198 ROPia 
ITAlY 

'.dttorio ProcH 
c,p;,,·trrfi'•Jt of Phy5 i cs 
Univi!rsity of Ba 1 aqna 
Via Irn~;rio 46 
4Ul2& £1o1oqnd 
lT_IIl V 

C. G. R11b<1 
I.J:>oratory ~or Eoergy-Re'atec 
He~lttl R~searcn 

\Jniversity of C.'!l ifornia 
Oi!vi ">, CA 97>6Hi 

I! G. ~drli&!' 

~~ 33, G"N 
'Jopad,.,e·Jt ot Energy 
W'a5fo i 11gt.nn, DC 20!>4~ 

D.P. ~(all, Director 
'dEcJS 
P c aox 12233 
Res.,O!n:t! Tria,lgle Park, 

NC 27709 

0, R<Jvern 
B<ology Servfce 
turdton Jo'int Rese-ar::l' C~nter 
lspra (Varesf>) 
ITALY 

ll, Ray 
DOE ~ Nevdda Oper<~tions Oft ice 
P, C. Box 14100 
La;; Veg<ts, NV 8'3114 

f. J. R'!ag'l'l 
MQn;;;mto ReHlarc:h Co•'p. 
Mound LaboFatory 
P G $oo: 12 
Mii!!!li>oburg, OH 45342 

t 11. i;!nbollo 
Junta de £nergfa Nuclear 
.Se.;;d6n o:1e 1sotopos 
Calle de Serr<~no, 121 
"'arir;d 6 
.SPAT~ 

W. RFP.SO' 
00£ Savann<Jh R;ver 

Operutions Off1ce 
f'.O.BoxA 
Aiken, SC 29801 

C A. R~illy, Jc 
Argonne National Lnboratory 
Division of Biology and 
Medical Res.ean:h 

9700 South Ca,;.s AvemH? 
A1'Q0:'11'le, ] L 60439 

C. R. Richmond 
Oak l(idqe National Laboratory 
P.0.8o.l<X 
Oak J<idge, TN 37330 

1""""" E. Ricker 
Lawrencv L>v~rmore National 
l;;~t>oratory 

P, 0. Sax SSOJ 
_ivertwre, CA 945-SO 

J 1\. f(oedel' 
DOE ~ Albuquerque OpPI'dt ions 
Office 

? 0 Box 5400 
A]bJqJe!'que, NM 87115 

P. J. A. Rornt>out 
lntM1ation Toxi<;col<;>gy 
D;zpartment 

Natfor.i:!·, Inst.ltute <:f h:bli<: 
Hlia·.th af\d fr.v'~on·ner.t.al 
Hygiene 

P. 0. Box :;_, 3720 SA 5i: tt'·t:'<f!f. 

HiE NC'HERLANOS 

S. L. Ro;;s 
CR·73, GTN 
Oepartnent ot En"'I'YY 
\l'astn ngtotJ, DC 20545 

Wang Ruif.'l, Associate D1rector 
Lato,·dtory of Industrial 
Hyg'ene 

1-Fn<st•y cf Put:lit HG.;il~t

? X' nkang Stt·eet 
Oe-shang1larr,.,ai. Seijtng 
THF PEOPLf' S REf>tJBUC OF (Hlr-A 

M. Rzekiecki 
COII'IIIdSl>iP·iat d ''t:nf1~giq 

Atomiqu;; 
Centr;; d'Etudes 
Nu~lea;r;;s d~ Cada~ache 

Bf' No 13-St. Paul 
Les Oun1m;:e 
FRIV\CE 

Serm Sacccman~c 
Patho1o~ist ard fiirP.ctar of 
Lat>or<~:tories 

St. Marys and V. A. HQsp1ta1s 
Grand Junction, CO 81501 

f A. Sachere~ 

8.:~tt~lle~[f1stitut e.V. 
An lh::mewhof 35 
Pcstlath 900160 
5000 frankfurt/M,.)n SG 
FEDERAL REP~BLIC CF GtRM~kY 

Jill 

Umberto Safficttl 
Laborctory of Experl!oot~tal 
Pathclogy, DCCP 

Natfor>a1 Can::er ln;nitut., 
5~ag 560, Rrn. 32-50 
ff'Ed.:.rick, MO 21.1Cl 

R. A. Sci!rano 
Nuclear Regu;atO"'Y ColfiQl!ssiC!n 
Mi~' Licen,;'rog S~tctir:w 

';l'<>;;hinqton, DC 20545 

A. H. Schi1:ing 
R~ttelle - Seutt1e 
40CG NE 4J,;t Street 
Se~ttle, WA 98105 

R. e> •. s:::tl~l'ker 

:.u•ter for Hwn<H1 fl<ldiobiology 
Argonne "'"'tional Ldborcnory 
9700 South Cas5 Avenut.> 
A~yonne, 1L 6C439 

0 !{ Sch11aoz.,~ 

The Pitt<>bu"g ~ ~1rtway Coill 
Mining CQ. 

1i30 $. S~llelre 

Jt.>riV;>l", (0 80222 

fE J4, Gn 
:lepar~mef't t.t [n>:!rg:y 
Wa~hlngton, DC 20545 

c R Schc·1~er· 

Batte· 'e - Sea~~!e 

4000 NE 41st Street 
Seatt;e, WA 981C5 

K Schulman 
fP-70, GfN 
Jepartment o"' i:'tergy 
Washir.gt:;.'l, OC 20S45 

Jo.me,; Seamil'h 
Hydt·acarb<:><< Rest•Ol'<::li, Inc 
P. c. Bel< 6C47 
lawrence•ci 11 ~, 'iJ 08648 

W. ::.ee~ent'>g 

(;pi._.t Medic;>l Officer 
Radiation Health Unit 
World Healt'> Organization 
1211 Gem!vi! Z? 
~\<,'l1lERLAMO 

All:yf' H. 5<!)'1110Ut', 0\roctOI' 
laboratory of Radiation 
Ecology 

Ur>ivt1rsity of 
Se.att.1e. \./A 

~ilshinghm 

981:;15 

fl1-iot N. SIF>"', Chwirl!la'1 
Sio logy Department 
Brookhaven Natio'13l Li•bOr&t.ory 
Vt!tar, Long I~>land, NY 11973 



R. Shik>ar 
Bat:ell£> Seattle 
4000 k( 41st Stn.!et 
Seattle, WA 98105 

Sun Shi~quan, Head 
Rewi at low'1erti r. i ne Oeparr..,..,nt 
N<Jrth C!llna Institute of 
~adiation Protection 

T<~iyuan, $har;:d 
!HE PLOflU''S REI'JBLIC Df ~'1INA 

Morri; ~ Shore 
•uod and O'"'U<J Adflinist,.,ati;:P 
5600 Fisher:; lane HFJt~lOO 
R;;~o:v:; :e, MD 20857 

Cao S!,_ryuun, Deputy HLi!d 
Laborat(•~y of Ract··atio~ 
Medf.::;'ne 

North C~1na f~5tit;:te o~ 

R.ddHitio•> "rlltection 
l a i yu;>n, Shanxi 
~HE PEDPL£'5 !{~PUBLIC or CHINA 

T. Slbley 
F hner Hl$ ~ '.IH-lD 
Unfve~sity of \¥asl>inq"Cor 
Seattle, WA 98EJ!i 

G. Silhi, IJi"'ettOl' 
~iibO'"il.toda di R'l.d'u!:liolog•c. 

Aw' "" l e 
Ct-t)tro •11 Studl "t.cleari Della 

CiJ'>il.t:Ci4 

Ccmitdte NiHiona'e uer 
1'Eneroia Nt~cle,are 

c~~e.' '"' Postale 2-lOC: 
00100 Fhma 
I1i1.L y 

\ol, K. Slrtdair, Pre,;ldert 
NCRP 
7910 Wcodmont J<venue 
S"'i te 1016 
Betl'esdi~, MD 2081<1 

C. S. Sims 
Oak R1dge "'at~ona; Labcr!!>:ory 
x~w. Buildi.>q 77W, Room lOl 
Oak li. i :J.(;e, TN 37B3C 

Ruth Skarin, Chief L"'bra.rian 
L ibr<l"Y, Oepart'TIIHlt of Met. 
Un>vt-rsity n:' Stock.f>clm 
Arrhenius Laboratory 
'>106 91 Stat:k'lolm 
SWWEN 

0. H. Slade 
tR-74, GTN 
Department Qf FtH!l'qy 
W3shinqtcr, ~C 2004$ 

0. A, Sl'llth 
m-72, G~N 
Oep'!lrtment of Energy 
Washingtcm, DC ZJ54b 

H. Smith, Head 
Biology Oej::artment 
Natio<Hll lladiologi<:al 

Protection 8oi!rd 
Chilton, DCdcnt 
Oo:on 0:01 ORQ 
[,'<GLAND 

J. M. sm~u, 

NIOSH 
4576 Co'umbi1:1 hn·>.way 
::;i.,c1nna~i, OH 45226 

'<. A. :,.,'th 
Si!ndia L1:1boratcrie5 
f'. 0. !!ox 5Bt;::; 

Albuquerq<.e, NM BllB? 

J. :,flOW 

ER~6, FORS 
Depa~t.-nent of [l:ergy 
Wa;;hlngta,., DC 20585 

f. D. $(Y,.m_y 

~nt.e-n1:1tirwal Conmi~,s.ion on 
Rad;,_,lcgical l'rnt\'"Ct;on 

C1 i ft'-"' Avenue 
Sutton, '-Jrr"'y 
FNGLANO 

fh\·t't'-' S;.>IH1Utr, Chii!'f 
l'et<~bn t k S<:>c t i w• 
flox 35 
Hines Veteram. ActC"Iini~tratL:;;r, 

Hospit.il· 
Hin;rs, Il 5C:JH 

..J. H. ~p"ick'-'rrl 

OOE - ldahc Operdt i OtH 
(;Qfll:lliSS1Cr 

SSO S&C(lf1Q S:reet 
Idaho fall~, El lLI4Dl 

J. N Stil.nnard 
17441 P'aza 1\t\itr.ado #132 
S.;~n O~~go, CA 9?128 

G. f. Sta:: 1 eton 
ER-72, GTN 

Oepartl'!ent. .;of Energy 
Wa.£.hington, DC 20545 

J"rry Sta:"'a 
En\llr.;>'ll!lenta1 fl...:,te:::tlOI1 

Ageri(;Y 
he<l1t'l Effett'io Research 

Laf)oratory 
26 We~t SL Cl.::~ir 

Clncirni!ti, DH 4~266 

..:.::nr· w. Sta.thel' 
Nat.ivr.al Radiolo<;~ica.i 

Protection Board 
8ol:d~ng 383 
Hurwell, )idcot 

Oxc" OXll 01\G 
ENG LA"- :I 

142 

Alice M. Stewart, M. D. 
C!!nn:r Epidemiology Resedrch Unft 
Uriv~rsity of Birmingham 
[dgba.~to'l, 6-;S 2TT 
Birl!linghaOI 
(NG~AND 

C. G. Scew.eyt 
P. (L Sox 62 
Chali<, Rive,', Ontario KGJ IJC 
CANADA 

£. f. Stil 1 
Keo·r-HcGen Ccroorati<.>n 
P_ G. Sox 25861 
01<1-ahO'I'I/1 Clty, OK 13125 

J. St-Orer 
Biology Diwlsicn 
Oi!IC Ridge Nittianal lab0>'3.tory 
P. ;)_ Box )( 
Calc Ridge, TN 375:!0 

Behy Stover 
Oepd"t.llent of >''"l<~r"'acoloqy 

lO>; ">wing Bu'1<.J1ng 
School c t M•HI i::.-; r,e 
University of Nort.t< :-arcl"in2. 
Cl1ipel Hilt, ~c 21!14 

:5, SVyJi_er 
Battl:'iie, Wasrirgtc!t 
Opo.ra'tlcr.~ 

203\! M Stree~, N\W 
W?.f!) i rogton, DC 20036 

"'- ., S.u.:-ss, Reg1cnal Officer 
'"or Env'rtr>nwnta~ '-la:rard" 

World Healt.!\ Crgar~il:d7.icn 
8, 5CIJ.:-l"figsvej 
CopiHlhagen OK-2100 
O£NMARK 

K. Sundjlra;n 
Medical Division 
Bhabha Atctnc Research Ce'1tel' 
Modular Ldborator~~:•s 
Trombay 
Saorl.>ay l4 
INDIA 

iran.: Sw<>nberg 
""" l (>ar Regv 1 a tory Commi ss 1 ar-
Wasr.ington. 0( 20545 

0 Sw.a'lg'-tl' 
6\ology Oep4l'tment 
Eastern 0t'<1'gon State Co1'ege 
La Cnl:nde, OR 'Y!$50 

J. S;.d rebnMd 
rt~24. un 
De;::lilrtment of Energy 
WashirJLOn, JC 2054~ 

John f .. u 
loternatlcnal Coal Refining Co. 
F". o_ Bcx 2752 
A! lertown, PA 10001 



0. M. Taylor 
Kernforschungzentrum Karlsruhe 
InstitUt fUr Strahlenbiologie 
75 Karlsruhe 1 
Postfach 3640 
FEDERAL REPUBLIC OF GERMANY 

G N. Taylor 
Division of Radiobiology 
Bldg. 351 
University of Utah 
Salt Lake City, UT B4112 

Lauriston Taylor 
National Council on Radiation 

Protection 
7407 Denton Road 
Bethesda, MD 20814 

Technical Information Service 
Savannah River Laboratory 
Room 773A 
E. I duPont de Nemours 

& Company 
Aiken, SC 29801 

K_ H_ Tempel 

InstitUt fUr Pharmakologie, 
Toxikologie und Pharmazie 

Fachbereich Tiermedizin 
der Universitat Munchen 

Veterinarstrasse 13 
8 Munchen 22 
FEDERAL REPUBLIC OF GERMANY 

J W Thiessen 
ER-71, GTN 
Depar·tment of Energy 
Washir1gton, DC 20545 

H. E. Thomas 
FE-33, GTN 
Department of Energy 
Washington, DC 2D545 

R. G. Thomas 
ER-72, GTN 
Department of Energy 
lo'dshington, DC 20545 

M. C. Thorne 
Associated Nuclear Services 
123 High Street 
Epsom, Surrey 
KTl9 8E8 
ENGLAND 

C. Tiller 
RG-30, FORS 
Department of Energy 
Washington, DC 20585 

A. Trivelpiece, Director 
ER-1, FORS 
Department of Energy 
Washington, DC 20585 

United Nations Scientific 
Committee on the Effects of 
Atomic Radiation 

Vienna International Center 
P. 0. Box 500 
1400 Vienna 
AUSTRIA 

A. C Upton 
New York University Medical 
Center 

Institute of Environmenal 
Medicine 

A. J. Lanza Laboratory 
Long Meadow Road 
Tuxedo, NY 10987 

E. J. Vallario 
PE-222, GTN 
Department of Energy 
Washington, DC 20545 

D. W. Van Bekkum 
Radiobiological Institute TNO 
P 0. Box 5815 
151 Lange Kleiweg 
2280HV Rijswijk 
THE NETHERLANDS 

R. L. Van Citters, Dean 
Research and Graduate Programs 
University of W<!shington 
Seattle, WA 98105 

John Van der Watt 
Director of Life Sciences 
Division of the Atomic 

Energy Bo<1rd 
National Nuclear Research 
Center 

Privaatsk X 256 
Pretoria 0001 
REPUBLIC OF SOUTH AFRICA 

L. M. Van Putten 
Radiobiological Institute TNO 
P. 0. Box 5815 
151 Lange Kleiweg 
2280HV Rijswijk 
THE NETHERLANDS 

Dame Janet Vaughan 
1 Fairla~.o~n End 
First Turn 
Wolvercote 
Oxon 0)(2 BAR 
ENGLAND 

W. A. Vaughan 
FE-1, FORS 
Dep<1rtment of Energy 

Washington, DC 20585 

J. Vennart 
Bardon, Ickleton Road, Wantage 
Oxon 0)(12 90A 
ENGLAND 

143 

C. R. Vest 
Battelle Memorial Institute 
Washington Operations 
2030 M Street., NW 
Washington, DC 20036 

G. K. Vick 
Exxon Research and Engineering 

Co. 
Clinton To~.o~nship, Route 22E 
Annandale, NJ 08801 

G L Voelz 
Los Alamos National Laboratory 
P. 0. Box 1663 
Los Alamos, NM 87545 

H Volchok 
Environmental Measurements 

Laborator•y 
Department of Energy 
375 Hudson Street 
Ne~.o~ York, NY 10014 

Vladimir Volt 
Kernforschungzentrum Karlsruhe 
Institiit flir Strahlenbiologie 
Postfach 3640 
75 Karlsruhe 1 
FEDERAl RfPUBLIC Of G~RMANY 

B. W. W'achholz 
I ow Leve I Radiation Effects 
Branch 

National Cancer Institute 
Landow Bldg., Room 8C09 
Rockville Pike 
Bethesda, MD 20205 

N Wald 
School of Publi<: He<~lth 
University of Pittsburgh 
Pittsburgh, PA 15213 

Gunnar Wa 1 i nder 
Unit of Radiological Oncology 
University of Stockholm 
EnkOping~vagen 126 
s-112 46 Sundbyberg 
SWEDEN 

Yibing Wang 
North China Institute of 
Radiation Protection 

P_ 0. Box 120 
Taiyuan, Shanxi 
THE PEOPLE'S REPUBLIC 0~ CHINA 

C 0 Ward 
Gulf Science & Technology Co 
4400 Fifth Avenue 
Pittsburgh, PA 15213 

R. L. Watters 
ER-75, GTN 
Department of Enerqy 
Washington, DC 20545 



M. (. lri•NIYeT 
Pt·of,..ssor of Anatomy 
..Jf1iv~r~ity of Oregon ~altl'l 
Science Cvnter 

School of 0'lntistry 
Portland, OR 97201 

Moourlce H. Weeks 
U.S. AEHA, &ldg. 2HlC 
Edgi!wood Arsi!r:.:t1 
Abi!rdeen Pro.,ing Ground, 

MO 21014 

!lr_ JchnW,lls 
Radiobiology laboratory 
Health Physics Qo;.~e<~r<;;h 

Ti!chnology Planning and 
Research O>vision 

Central Eleo:.tricity Gene•·ating 
Eioard 

Berl<e1ey li•.cle<~r laooratodes 
Berkeley, Gt 13 9PB 
ENGlAND 

J. W<?f1der 
f'i ttsburgt> fr1ergy Reseavch 

Ce.,ter 
4800 Forbe$ A~tQ.,ue 

Pittsburgh, PI\ 15213 

W. W. Woyzen 
[Je:::tdc Power 
Irnt itvte 

3412 Hilhiew 
Palo Alto, CA 

1'\. 1'1. Wiill>:!lll:iOP 
00£ - ldal•o Cpo>rations 

Co111111lssio., 
550 S~tCtlrlC Street 
!daho falls, lD tlJ>:~Ol 

{)avid L. W"lli$ 
nepartfl~nt of General Scienc~ 
:regon Stat" lJr;iver!;ity 
Cor¥.J11fs, OR 57331 

Ken Wi 1 zbach 
Argonne Nat1onal laboratory 
9700 South C.JSS A>le'l.Je 
Arg;mne, IL 60439 

6. C. Winkler·, Oire;;;tcr 
Licl'nc!.ing 
~aad Op Atoomkr~g 
;>ri>laats". )( 256 
Prt>toria 0001 
RfPUbUC OF SVUTH AFRlCA 

f. J. Wobber 
E~-75, GTN 
Depart(llent cf Energy 
Wasl"li'JQton, DC 20545 

}1. T Wood 
Batted le- Se-att'r;o 
4000 ~[ 41st Street 
Seattl<', WA 98105 

R. W Wood 
fR-74, GTN 
Dep;;Jrtfll(\nt of Energy 
Wa:;hi ngtot!. DC 20545 

McDonald €. Wrenn 
Colle~e of Medicine 
Depar~ment of Pha~macology 
Divls1on of Radiobiology 
l.!rll \lers ity of Utal; 
Salt La~e City, UT 84112 

Chen Xing-an, M.D. 
Labcr~~ory of fndu~trial 

Hy;-i<lnot 
Ministry of Pub;ic HeaHh 
2 Xi~~ang 5treet 
Oes'langrn<'lnw.;:~i, Beljfng 
TH£ PEOPLE'S R(PUSL1: OF CHINA 

R. E. i'ode:t 
Rockwell Iott-.. <'lationa' 
r. o. Box 464 
Golden, CO SC4Dl 

Det\{i ?hlcheng 
No:tth China Instltut~ of 
Raci:~tion P,.ot~t<.:tion 

raiyo.."·'· 5h.aox~ 

T"k PEO"lf'S R£PUELIC OF (I-I!NA 

lhu Z'li><:ian 
Laboratory for fnerqy--Rel;,ted 

Heil; th il<>i.earch 
Uni ver;.. i ty 
Davis, CP. 

of California 
35&1& 

DOE R1Ctl1j!Dd OperatiOM 
Office O.l 

H, E. Rans::m/P, IC Cl11rk 
0, R, file 
A. J. Rizzo 

Joint te').ter for Grad<,l,,.tll 
Study (2) 

!Ytector 
Librarian 

P. G. LO"'Ilrli:ini 

UnHe<t Nv:;lear Industries 

T. "' !)ak.rc..,ski 

1--lanfor¢_ Environmental 

~..!:~ {5) 

0. B. 8reiten!otein 
$. f. f!4eterl 
J. I', !'\{'ton 
R, iL Gii'fiO""tt 
R. L, <at!"lren 

t:. s. restt129 

'¥1. V. Baumgartner 

We$tlngnouse Hanford Co. {2) 

1?, 0. Budd 
0. L Simpsoo 

Pacific ~.O""tt'lwe-st 

Labol"'~:t££.l': (35~) 

R. R, Adttf' 
L E Anderson 
T, IC Andrews 
(;, A. Aple._y 
R. w, Baalroar' (5) 
w. J. B<~ir {50) 

E. Ballou 
J. L. Bea:ner 
f F, Bianton 
1'1, G, f!rown 
f. G, Hurter 
R, H, Buo;cl', 

R. L. 6<Jsc.hbom 
!L A Bushaw 
1./, c Cannon 
0, B Car,. 
A_ c Casl! 
D. B Cear!c:::k 
E, K. cne-.,,., 
T, f'. Chi,<alla 
M, L. ClarK 

J P. CO"'it>y 
L, c Colmts 
f. Cress 
G_ L Dagle 
.J, M. Oavnhotl 
J, R, Oecj<er 
H, S, DeFord 
0, A. o-;:ngf>" 
C. L f1<1f>"k'n 
W. D. fe 1 i.>< 

felton 0. 
R. f. Filipy 
W. C. Fon;ytne 
M, L F~azier 

J, J. Fuquay 

R. A. Gelman 
.'<, A G ii1S 

M. f. Gi1l1s 

\0, '"'· G141S$ 
IL 1--1. Gray 
P. L H;~~;;l<.ett 

C. '\, Han., 
!.. A, Ha.-grow 

'\. Held 
V. G. 1--lorslmJHl 
F, P. Hunq.tte 

R. Ka) kwarf 
H. T. l(aragi>:~nes 

J, J. l(aschnitt.er 
~- T. 

Ke1!Tiii.-, 6 J. 
T C. Kinnils 

~, <illand • 
L J. Kirby 
E. "'· l(uf""e1 



"· ' L•rscr; R. w Perl< ins 0. ' Stevens 
D .•. latl!r c. A. Pierce D. L. St<!WII'~'t 

A. c Liil«!l, A. "· f'1att " A. SL'~'and 

R. A l"ndbli!rg G. J. Powe•·~ " F :Sul' fvan 
A. " Lovely L. l. ~.ad..,r A " Sutey 
A. B. Lucke M. A. fl~g(l.r> R. l Swinth 
J. A. Ma.haffey R. A. R"'nrw w. ' Temp1etoo 
D. D. Mah1 um K. Rhoads R c. Thompsoro 
s. Marks w. ' flaesch "· D. To11ey 
R. P. Marshall 0. N. f!omm..,reill' v. o. fy 1 (>I' 

K. " lllcCarty R. L. RoiiJI!I'(!reim " R Udseth 
B. "· Mct!anahan E. J. Ressignol c. M. Unruh 
K. ' "'lcDonalc s. ' ,,_ B. L Vaugt'!~tf! (7) 
J M. Mcintyt'e c. l Sew~ers c. R. lolil!tton 
J. E. Mende-l '. B Sasser A p ~o~etmf'r 

M. E. Mer'~cka c. r. Schiefelbein R. J. wei gel 
M. c. Mill~ .. R. E. Scl\irmer • c . >oi>Jiner 
R A. M'i l':er L. c. Schmid R. (. welllf'r 
J. E. Minor R P. Schneider R B >oie!!>t!'rbe,.g 
0. R. Mos5 J. B. ~chw;-tt>'< f ' Wieman ' 
J. E. l'rorri s: M. R. !>lkov 8. •• \od l s.on 
0. A. N#l£00 c. l. Simpson 8. w. Wr\gt>t 
J. M. N l€' lt>lin J. c. Siwp!>Pi'l c w. Wright 

'· E. Hlghti"igal~ A. l. ~1avkn c '· 'ror>kef' 
R. P. 0' 30fl''!~ 11 c. G. Srrlt"l L' ,, Sc'enL!iS L ~crary (2) 
L R. Pahl R :;_ Sml th Tectm'ice' I ntDP!lil: icr fi I.e~ (.::>) 

J. F. Park (150} ,. L. s.wlr:ger Pub' --~h·ng Lccrd: r>i'l~ i ::r (2) 






