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PREFACE 

Thi' 1963 annual report from Pacific ~orthwesr Laboratory {I'NL) to the Oep.utment of 
Energy (DOE) describes research in environment, hedlth, and safety conducted during 
fiscal year 1983. The report Jgatn consists of five pans. each in a separate volume. 

The five parts of the report are oriented !o partkular segmer.t'> of our program. Parts 1 
to 4 repon on research performt:d for th0 DOE Office of Health and Enviror.mental 
Research in the Office of Energy Research. Part 5 reports progress on all research per
formed for the A"sistant Secretary for Environmental Protection, Safety and Emergency 
Preparedness. In some instance~~ the volumes report or. re~earch funded by other DOE 
component<> or by other governmental entities under interagency agreements. Each part 
consists of project reports authored by scientists from several PNL research departments. 
reflecting the multidisciplinary naturp of the research effort. 

The parts of the 1983 Annual Report are: 

Part 1: Biomedical Sciences 
?rogram Manager ~ J. F. Park 

P..trt 2: Eco!ogkal Sciences 
Program Manager B. E. Vaughan 

Part 3: Atmospheric Sciences 
Program Manager - C E. Elderkin 

Part 4: Phy~icaf Sciences 
Program Manager ~ j. M. Nielsen 

Part 5: Overview and Assessment 
Program Managers S. 1'\tiarks 

W. A. Glass 

D. L felton, Report Coordinator and 
Editor 

B. E. Vaughan .. Report Coordinator 
C. M. Novich, Editor 

N. S.l.aulainen, Report Coo1dinator 
j. L Downs-Berg, Editor 

R. M. G.arcia, Report Coordinator 
j. E. Danko, Editor 

R. W. Baal man, Report Coordinator 
and Editor 

Activities of the scientists whose work is described in this annual report are broader in 
s(·ope than the articles indicate. PNl staff have responded to numerous requests from 
DOE during the year for pLanning, for service on various task groups, 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 progress reports, to the editors who edited the 
individual project reports and assembled the five parts, and to Ray Baalman editor in 
chiet 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. Hair, Manager 
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-7>337 
1962 HW-76000, HW-77609 
1963 HW-80500, HW-81746 
1964 BNWl-122 
1965 BNWL-280; BNWL-235, Vol. 1-4; BNWL-361 
1966 BNWL-480, Vol. 1; BNWL-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, Vol. 2, Pt. 1-3 
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; BNWl-1651, Vol. 2, Pt. 1-2 
1972 BNWL-1750, Vol. 1, Pt. 1-2; BNWL-1751, Vol. 2, Pt. 1-1 
1973 BNWL-1850, Pt. 1-4 
1974 B'<Wl-1950, Pt. 1-4 
1975 BNWl-1000, Pt. 1-4 
1976 BNWL-2100, Pt. 1-5 
1977 PNL-2500, Pt. 1-5 
1978 PNl-2850, Pt. 1-5 
1979 PNL-3300, Pt. 1-$ 
1980 PNl-3700, Pt. 1-5 
1981 PNL-4100, Pt. 1-5 
1982 PNl-4600, Pt. 1-5 

iv 

• 



FOREWORD 

This report summariz~ progress on OHER biomedical and health effects research 
conducted at PNl in FY 1983 to develop the information required for a comprehen~ 
sive understanding of the interaction of energy-related pollutants with living orga
nisms. Our continuing emphasis on the evaluation of the risk to man from existing 
and/or developing energy-related technologies supports tlle DOE goal of increasing 
and diversifying national energy resources and decreasing risks to human health. 

The report is arranged to reflect the PNL program 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 from both nuclear and synfuels materials. These data, along with 
metabolism and modeling studies, provtde a basis for predicting human risks in the 
absence of relevant human exposure. This year we include a report on our 22nd Han
ford life Sciences Symposium, which dealt with this problem of extrapolating the 
results of animal studies to man. Of particular importance in carcinogenesis has been 
the demonstration that the carcinogenic potencies of complex organic synfuel mix
tures may be much lower (or, occasionally, higher) than the sum of the potencies of 
the Individual components. 

The mutagenesis section is primarily concerned with the results of microbial muta
genesis studtes with synfuel materials, These studies provide valuable information on 
the carcinogenic potential of these complex organic mixtures, With results from 
studies reported in the carcinogenesis section, they are also being used to establish an 
adequate data base for determining the correlation between mutagenic and carcino
genic processes. 

A variety of studies relating to noncarcinogenic and nonmutagenic endpoints are 
summarized in the section entitled "Systems Damage;' including prenatal (teratology) 
and neonatal studies wlth both synfuel materials and radionudides. Pharmarokinetic 
studies to determine the absorption, metabolism, and distribution of pollutants are 
also reported here. The results of these studies are being used to establish doses to 
critical tissues and organs involved in growth and development Pathogenesis of 
effects produced in target organs is also examined. 

The biomedical and health effects research at PNl is an interdisciplinary effort requil'
ing scientific contributions from many research depanments at PNL The personnel in 
the Biology and Chemistry Department are the principal contributors to this report. 
Requests for reprints from the list of publications for 1983 will be honored while 
supplies fast. 
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• StatistK:al Health-Effects Study 

Prindpal Investigator~: E. 5. Gilbert and L E" Sever 

Other Investigators: J, A. Buchanan, S.. Marks, .md H.D. Tol:ey 

The principal objeoivP oi ths program is to analyze tl'>e mortality of Hanford workers and W deter· 
m,ne thf' effects of radia!ion expooure in this population. A ~econdary purpose i~ to if"provf' we:hod
o:ogy for assessing ;,ealth effects of chronic, low-level expo~ure lo ~armlul agents or s:.Jbslance~, 
particularly in an (JCCupational oetting In the past yea;, rbt. Its ot' Jpdated rnor:ality analyse' have been 
pJb'ished; docu<r.ent.atlon of the co'npt;ter prograrP used for these analyses has beer com preted; and 
an an!cle encouraging the lyoe of methodology used by the program is near COT'1pletion. Research 
methods to bette! chilfactenze uncertainties in the analysis arC !irritations in tl'e use of the Hanford 
mortality data hzve been initiated. ln Jdd;tion, identification of case~ fo1 the bir:h~detec:ts case-control 
study has been completed. 

lh primary objective of this program is 
to ana'yze :hE> Mrtal"ity of Hanfo1·d IOIC¥·K~ 
ers and, particularly, to assess the e~
fed cf radiation exposure b th~s ppu1a
tion. Mona)ity aata have been upoated to 
i'lclude deaths up to January 1, 1979, ami 
resul~s o" analysis cf tr>e updated Ti~e 
have been publ'shed in Radiation Research. 
T~e most interesting re5U~6Ur 1atiSt 
update is the lack of s~at'stical signif;· 
cance in the trend of rrorta~itv fron can
cer of the pancreas with ircr-e.isbg "actia~ 
ti'or dose; 1'1!Lltlp1e mye1o;na renains the 
only cancer-type of i1terest t:-~at sPcy,·s a 
significart tre:~d. 

Because tiJe rrethods used to a1alyze tf:e 
Harford data shculC ~e applicab'('o to ether 
pnpu1at'ons exposed to ril£liation and otfJer 
sub!itaf!ces, the computer program used fo"' 
this project has recently Oeen generalized 
and refin?d to permit easy use oy other 
investigators, TCJis ;;rogram, MOX (Morta1-
Hy ar'd Occupation Ex;;::s;re 1'\nal:{-sis), 
ditfers troT ot!rer sOttware tools avail~ 
able for ar3ly;:i,1g occupational mortality 
data in that COI"'flar1sons are ~nternal, :nd 
the statistical tests el'lplcyed take ftdl 
aCvilntage of whatever quanti tat 1 ve expow 
sure data are o~a~;aole" Docunentat"1o:r of 
I>IQX has been completed, and 3 det3i le:l 
"Jser' s Manu a 1 has bee'! prepar>:d. The prow 
gran wi 11 soon be !'lade <~vai 1 ab 1 e to other 
investigators" 

T'1e standard methOd of a'lalysis for most 
occ.up3tio'lal1y expo.seC pooJlatio11s is to 
conpilre death rates of the ?Xpose:o popula
tions with those of an external control t:y 
calnlating sr.andMdizd mortali':y rat1o:; 
(S.MRs). Th'.s method ~s an important first 
steo in ana1ysis ,\nd may be ~he Mly cp
t:on for populations witn ~frnited expo:sure 
data. Howe11er, th-is standard method is 
limited lr- a 'lumber o~ ~oays, and "n mary 
popLlat'"ons r.he type of intel"'nal comp;H·i
sons that 'lave bee1 conducted on the rlan-

ford Gai.a shoul:! enhance the analysis. 
One maJor goal fot' 1983 has been to en
coer-age the use o" this method of a'lalvsis 
by writing an article ill~.;st,..atirg ihe 
:i:r.itations of :.he SMR approach a1d de
scrit:ing the pote:-~tial cf irrleYral compar
iso:<s as well as the availab>1ity of the 
soft~o:~re (MOX) to carry t1en out. This 
artit~e ls 1ear conpletion am: will sao!' 
be subnitted for publication. 

i-fforts have bee;1 hitiated to ~cttt>r de~ 
lineate ~oth the potential and tle limita· 
tions cf ttie Hanford data for 1earrlng 
about radi<1tio1 effects, This effort has 
incluC"ed ;;re1 4 :ninary calcu'Jation of powel' 
for de:.ecting radiatiotl-incuced leukewia 
and for detecting raciation-lnduced cancer 
of all otner types combined, both at the 
;;resent time an:! aft>?!' various addi tiona~ 
fellow-up times. -he~e calctJhtions, 
'<;hich a•·e based 01 ex;:osut~ received 
through 197B, itldicate tl'at ah adciUo11a1 
10 or 15 yr nf follow-up will 1nnease the 
po::entiai of t~is -stut!y, bJt ::hat :10t a 
great deal is gained oy extendir.g to now
up ~or a lcnger period. Calculations o" 
lrl"i s type <>re 1eedet: t::: make ded s ions 
regarding th~ 1;;cngth of time the popula
tion s~ot.:l::! be followed a•>d wl'eth<tr or not 
we should contint.:e to add new workti'S to 
the st>Jdy popu:avon. In addition to 
power calculations, 1\let'lods of ca1n.Jathg 
tonfide1ce 1 imits for effects are t;eing 
e:o:plcred, hen thoug~ this data set caw 
nct be used to obtai 'I precise ~st-imates ot 
effect5, it may be possib'e to state that 
tte data are -:nco'lSistel't with certain 
effects of considerah1E> ~agrituoe. 

During FY 1983, we completed identi"ica
'-iO'l of cases of birth defects fer 3 case
control study. tases born in t1e three 
Tr+Cities hospitals curing the pe"icd 
1956~1980 were identif:eo thl'ough hospital 
records ano tirth, dea:.h :11d fetal death 
certificates. Us-:ng l'::~sp-:ta1 rle!:very 



rcom •·ecords, Colltrols have been selectee, 
Currently, data on controlz, are bt"irg co> 
iected frof'J1 Lcspital records, For all 
case; ant! control~, i1~f[;rmaticn on cat-en
tal eo;pl:Jymer,t at Hanford is oeirg ob
ta~ned f"OT records at ~t;e Hanford E'lvi
ronmenta1 realth founcta:ioll (YE~f). Cccu
pat'io1a1 exposure ;:;f pa .. ents of cases a1d 

2 

colltrcls to ~adiation an1 to olner hatarct
ous substances win be determirect f'"om 
reords at HEHF. ?rovu!Hi'd analy~es will 
cOtllflat"'B ;:;arents of cases a'1d controls i'1 
t.en'!IS of hi:>tory of elhp~oyme:~t at ~anfOI'd, 
occupdtional radlation e;q:oswre prior r.o 
conc~ption or during gest-ation, and expo
sure tc other hazardous substances, 
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• Synfue ls Biostudies 

Principal Investigator: D. D. Mahlum 

Other Investigators: M. E. Frazier, R. H. lovely, R. A. Pelroy, H. A. Ragan, and D. L Springer 

Technical Assistance: J, A. Cushing, R. B. Lucke, L. W. McGee, and D. l. Stewart 

Additional coal-derived liquids from several processes have been evaluated using the Chinese hamster 
ovary (CHO}, Syrian hamster embryo (SHE), and initiation-promotion (1/P) systems. The data indicate 
that there may be substantial differences in biological activity among the processes evaluated. The 
results also indicate that liquids boiling above 800°F from all processes are more active than those boil
ing at <800°F; liquids boiling below 700°F have minimal activity. The neutral polyaromatic hydrocar
bon fraction from the SRC-11 750-800° distillate is the most active initiator of skin tumorigenesis, a 
finding similar to that obtained with chemical fractions prepared with SRC-11 800-850 and >B50°F 
distillates. 

Inhalation studies in which rats and mice were exposed to aerosols of SRC-11 heavy distillate for 1, 4 or 
12 weeks are continuing. These studies are showing changes in survival, hematology. and tumor inci
dence in animals exposed to the highest aerosol concentration for 4 or 12 weeks. 

Neurotoxicity studies showed that oral administration of SRC-1 wash solvent induced taste-aversion 
learning at doses between 20 and 40 mg/kg body weight. Larger doses of wash solvent facilitated 
shock-avoidance performance while inhibiting the learning and memory of an adversive event. 

Mammalian-Cell Assays 

Mammal ian-cell assays measuring mutation 
(CHO/HGPRT) and transformation (Syrian 
hamster ovary [SHE)) have been used to 
evaluate crude synfuel and petroleum pro
ducts (Figure 1). Results from both 
mammal ian-cell assays indicate that pro
ducts from SRC-I, SRC-II, and oil shale 
contain considerable genetic activity. 
Materials from both the H-coa l and the 
finer feed from two-stage coal liquefac
tion processes contain intermediate levels 
of genetic activity. The genotoxicity 
level of the two-stage 1 iquefaction pro
duct approaches that found ~ith Wilmington 
crude petroleum. 

Analyses of boiling-point cuts from three 
different coal-liquefaction processes show 
a pattern consistent with results from 
microbial mutation assays and animal skin
painting studies. The mutagenic and cell
transforming potential of the tested syn
fuels decreases as the boiling point of 
the material decreases (Figure 2). The 
activity of low-boiling (<700°F) distil
lates is comparable to that of naturally 
derived crude petroleum. 

Based on examination of mammal ian-cell
assay data from fractionated synfuels, the 
mutagenic and transforming activities do 
not appear to be associ a ted with any 
single chemical class (Figures 3A and 38). 

3 

Instead, almost all fractions are genetic
ally active. However, the polycyclic aro
matic hydrocarbon (PAH)-containing frac
tion (Fraction 2) is consistently the most 
active. Fractionation of synfuels also 
allows an opportunity to compare the ac
tivities of the various chemical classes 
to the activities of the crudes. The re
sults indicate the possibility of antagon
ism between chemicals which may inhibit 
expression of their ful l mutagenic poten
tial. These antagonistic effects appear 
to increase as boiling point decreases. 

Initiation/Promotion (I/P) Studies 

As shown in previous Annual Reports (1981 
and 1982), skin-tumor-initiating activity 
increased with increased boiling-point 
ranges for both SRC-I and -II coal liq
uids. Chemical-class-fractionation stud
ies with liquids boiling above 800°F 
showed that the initiating activity was 
confined to the neutral PAH and nitrogen
containing polycyclic aromatic compound 
(NPAC) fractions. Of the two, the highest 
activity was associated with the PAH frac
tion. These studies also suggested that 
total initiating activity increased as 
materials were further fractionated. A 
number of experiments have therefore been 
performed to extend previously reported 
studies to include boiling-point cuts from 
the EDS process to determine if activity 
also increases with boiling point for 
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these materials. We a 1 so ex ami ned 
chemical-cl ass fractions from the SRC-II 
750-800°F materia 1 to determine if the 
skin-tumor-initiation activity is still 
dominated by the PAH as we move downward 
in boiling range. We also further frac
tionated the PAH fraction from the >850° 
SRC-II dist i llate, using high-performance 
liquid chromatography (HPLC), in an at
tempt to isolate the components responsi
ble for initiating activity. 
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The data in Figure 4 illustrate that the 
initiating activity of the >800°F EDS ma
terial was approximately three times as 
high as that of the 750-800° distillate. 
These results are consistent with the data 
obtained with SRC-I and -II materials. 
Class fractions prepared by alumina chrom
atography from the SRC- II 750-B00°F dis
till ate were tested for their initiating 
activity. The neutral PAH fraction was 
about twice as active as the NPAC fraction 
(Figure 5), results which were similar to 
those obtained with the PAH and NPAC frac
tions from the SRC-11 800-850° and >850°F 
distillates. Unlike the results obtained 
with those materials, the hydroxy PAH 
fraction showed substantial activity. 
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In another experi~nent, the neutral PAH 
fraction fron SRC-11 >850°F material was 
further fractionated using reverse-phase 
HPLC. The eluents were pooled to form 
four fractions. These fractions were then 
tested for initiating activity by applying 
them to the skin of female CO-l mice in 
the same proportion as they were found in 
the PAH fraction from which they were de
dved. Subsamples were also tested for 
mutagenic activity in the Ames system. 
The data obtained indicate that the high
est 1/P activity was located in HPLC Frac
tion 11, which was almost as active as the 
parent Ina teri a l , even though it repre
sented only about 3% of the total mass of 
the parent PAH fraction (Figure 6) . How
ever, substantial activity was also found 
in the other three HPLC fractions. The 
total activity recovered in the HPLC frac
tions appeared to be greater than that of 
the parent material, suggesting that some 
of the initiating activity was suppressed 
in the cruder matedal. The mutagenic 
activity was also highest for HPLC Frac
tion 11 (Figure 7). If the liP activity 
is adjusted by dividing the total number 
of t1.11ors by the weight of the fraction 
and comparing the result to the mutagenic 
activity (revertants/~g), the relative 
activities of the four fractions appear to 
be similar in both assay systems. 

Inhalation Studies 

Last year we described the results of a 
subchronic (13-wk) inhalation study for 
SRC-11 heavy distillate (HO). The purpose 
of this study was to obtain survival, 
growth, henatology, blood chemistry, and 
histopathology data from exposed ani~a l s. 
In addition, other ani111als were exposed 
for either 1, 4, or 12 wk (Groups 1, 2, 
and 3, respectively), then observed for 
onset of adverse effects throughout the 
remainder of their lives. Each of these 
groups contained 160 male and 160 female 
Fischer- 344 rats and 120 female CO-l mice, 
distributed equally over four treatment 
groups. The mice and rats were 9 and 12 
wk of age, respectively, at the beginning 
of the exposure. The data presented in 
this report are for these ani~nals , which 
are currently about 21 fiO of age and have 
been without exposure for 15-18 mo. Mean 
aerosol concentrations (x ± SEM) during 
the exposure were 0. 68 ± 0. 03, 0. 14 ± 
0.01, 0.03 ± 0.003, and 0.0 mg/L of air 
for the high, middle, and low treatments, 
and controls, respectively. Particle size 
for the exposures was 1.7 ~m (mass median 
aerodynamic diameter) with a geometric 
standard deviation of 2.2. 

Si nee in b 1 ood-ce 11 counts were a 1 tered 
fr~ normal in sanples taken fro~ ani~als 
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inmediately following exposure, sanples 
from Group 3 ~ale rats were collected 6 ~o 
after the end of the exposure and were 
then evaluated (Table 1). The results 
indicated that the number of RBC was still 
significantly below those for controls, 
although the differences between contro 1 
and high-treatment-group animals were con
siderably less than were observed immedi
ately after exposure. Rats from the high
treatment group had significantly fewer 
WBC than controls 6 mo after completion of 
exposure; however, the difference between 
the high-treat~ent group and controls was 
sioilar to that observed immediately after 
exposure. These results indicate that the 
abi 1 ity of exposed animals to replace 
their per ipheral RBC pool had recovered 
substantially in the 6-mo postexposure 
period; however, this kind of recovery was 
not apparent with respect to WBC. 

Survival was greater for rats than for 
mice. Among treated animals the poorest 
survi va 1 was for 111i ce from hi gh-treat~~ent 
groups 2 and 3 (Table 2). Currently, 75-
95% of the rats are alive. Our plan is to 
sacrifice the re~aining animals once mor
tality has reached 67%. This wil l provide 
adequate data to evaluate the effect of 
the exposure on longevity and will a 1 so 
provide tissue samples for histopathologi
cal examination. 

Skin tumors were also observed in mice, 
but not in rats, following exposure. The 
greatest number of tumors occurred in ani
mals from high-treatment groups 2 and 3; 
40 and 27%, respectively, of these animals 
developed tumors (Table 3). The first 
tumor appeared in a high-treatment group 3 
animal 4 mo after completion of exposure. 
A few tumors were observed in animals from 
high-treatment group 1. Since these ani
mals were exposed for only 1 wk, it is 
apparent that a limited number of treat
ments is sufficient to cause the develop
ment of skin tumors. 

In addition to skin tumors, at necropsy we 
observed 1 ung tllllors in mice. Most oc
curred in mice from high-treat~nt groups 
2 and 3: 53 and 59%, respectively, of 
those that died had lung tumors (Table 4) . 
A few tumors were a 1 so observed in the 
other treatment groups. This diagnosis 
wi 11 be confirmed and extended by hi sto
pathological examination during FY 1984. 

If these diagnoses indicate malignant neo
Plasms, the results obtai ned from this 
study will provide data for risk assess
~nt in hu~ans, both in terNs of the expo
sure concentrations and t irte-dose re 1 a
tionships. 
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Neurotoxicity Studies 

If a rat ingests a novel taste and then 
experiences adversive consequences, (e.g., 
nausea), it rejects that taste when it is 
subsequently offered. This taste-aversion 
(TA) learning is a close laboratory analog 
of the "bait-shyness" found in wild ani
mals. In two experiments we used a stan
dardized protocol to induce TA learning in 
order to assess the dose-dependent, adver
sive properties of SRC-1 wash solvent. In 
a third study, data were obtained which 
suggest that a single gavage of wash sol
vent (500 mg/kg) can: 1) significantly 
retard learning and memory of an adversive 
event, and 2) alter shuttle-box avoidance 
performance up to 10 days after wash sol
vent administration. 

In the first study, naive female rats were 
trained to drink water on a 20-mi n/ day 
watering schedule. After 2 wk training, 
the rats were given 0.1% sodium-saccharin
flavored water for their 20-mi n drinking 
period. They were then dosed with 1.2, 
0.9, 0.6, 0.3, or 0 g/kg wash solvent. 
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After 2 days of "water recovery," the rats 
were given a choice between tap water and 
saccharin-flavored water to assess TA 
learning as a result of wash solvent ad
ministration (learning trial). All groups 
dosed with wash solvent showed nearly max
imal TA learning, 1 ike rats administered 
X-rays, toxic drugs or chemicals. A second 
study was conducted to investigate a dose
response re 1 at ions hip. The protoco 1 was 
the same as in the first study, except 
that there were four learning trials be
cause lower doses of the wash solvent were 
administered: 300, 150, 80, 40, 20, 10 or 
0 mg/kg. A two-bottle preference test re
vealed that the threshold for statistic
ally significant TA learning was between 
20 and 40 mg/kg. However, evaluation of 
saccharin-flavored water consumption over 
the four conditioning trials (1-bottle 
data) suggests that 1 itt 1 e learning oc
curred after the first trial, when rats 
administered wash solvent were compared to 
a positive control group gavaged with cyc
lophosphamide. A third study was therefore 
conducted to determine if wash so 1 vent 
affected the rats' TA learning behavior. 
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TABLE 1. Hematology Data for Male Rats 26 wk after Completion of 12-wk Exposures to SRC-11 Heavy Distillate (N 10). 

Mean Erythrocyte Parameters lx ±SEMI ior Rah .1fter hposure to Heavy Dastillate 

Male 

Control low Maddie High 

VPRC !'Yo) 44.0 ± 0.38 44.0 ± 0.29 H6 ± 0 39 43.7 ± 0.16 

Hgb 1Bf100 mh 17 5 ± 0.11 17.5 ± 0.12 17.3 ± 0.12 17.2 ± 0.07 

RBC (100/mm 11 9.2 ± 006 9.1 % 0.05 8.9 ± 0.09 8.5 ± o.o5tb1 

Reticulocytes (JQlfmml 157 ± 11 173 ± 11 157 ± 13 133 ±10 

M('t~n White Blood Cell Counts lx ±SEMI for R.1ts after Exposure to Heavy Dastillatela) 

Male 

Control l ow Maddie Hish 

Total WBC 9.68 ± 0.51 9.06 ± 0.3.2 103 ± 1.14 7 17 ± 0.411bl 

lymphocytes '66 ± 0.46 6.34 :t 0.30 6.45 ± 0.52 4.34 ± 0.25 

"t•utrophtl~ 3.77 ± 0 65 241± 0 . .23 3.60 ± 0.70 2.71 ± 0.41 

Eo~tnophll> 116 :!:33 134 ± 29 71 :t 44 14 ± 9 

Monocytes 108 ± 37 1'\6 :t 45 122 ± 38 71 ± 30 

(alrotc~l WBC lymphocytes, and neutrophtl data x 103 gtve~ the number of cells per mm3; eo~tnophils and 
monocytes Me sho\<.n as cells/mm3. 

!hiSigniiic,mtly dtrterent irom conuul meJm by Duncan·~ multtple rangr test (P < 0.05) 
!t l Signuic.mt dose-related trend 

TABLE 2. Survival oi Mite alter Inhalation Expo~ure to SRC-11 
Heavy Dtstallate. 

Exposure 
Duratton, wk 

4 

12 

Control 

60 

70 

77 

Percent Survaving 

Group 

low 

77 

93 

57 

Middle 

80 

73 

73 

Htgh 

70 

-16 

46 

TABLE 3. Skm Tumor~ Observed in Mice atter Whore-Body 
lnhalatton hposure to SRC·II Heavy Disttllate Groups 01 

30 mace were expo~ed ior e•ther 1, 4, or 12 wk. then ob~erved 
ior onset of adverse effects through the remainder of thetr 
lives. 

No. Tumors 

Exposurt> 
Duration. \\k Control low Mtddle Htgh 

4/2(a) 

4 2/2 212 23112 

12 3/2 2/1 27/8 

(a)Number of tumors/number of mice with tumors 
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TABLE 4. lung Tumors Observed at Necropsy for Mice after 
Inhalation Exposure to SRC-11 Heavy Dtstillate. 

No Tumors 

Exposure 
Duration, wk Control low Middle High 

Of6{al 017 117 2/9 

4 119 0/J. 1/8 9117 

12 0/7 0/13 3/8 10/ 17 

'">Number mice wath lung tumors/total number dead mrce 

In the third TA experiment, six groups of 
eight to nine rats each were trained to 
drink water on a 20-mi n/day watering 
schedule. Following water consumption on 
the ninth day of training, two groups of 
rats were gavaged with corn oil (vehicle), 
and one group was gavaged with wash sol 
vent (500 mg/ kg). On the 12th day of the 
experiment, the group receiving solvent 
and one of the groups receiving corn oil 
were given access to saccharin- f1 avo red 
water. To induce TA learning, they were 
then injected, 4-\ hr later, with cyclo
phosphamide. The second group that re
ceived corn oil on day 9 was treated sim
ilarly but was injected with saline on day 



12. Two days later, rats were tested for 
preference between tap wat er and 
saccharin-fl avored water. The results are 
plotted on the left side of Figure 8. It 
is c 1 ear from the data that rats pre
treated with wash solvent fail ed to ex
hibit TA learning, as did the group pre
treated with corn oi 1. The data on the 
right side of Figure 8 are from the other 
three groups in the same study. The first 
two groups received water on the 12th day 
and were then immediately gavaged with 
either wash solvent (500 mg/ kg) or corn 
oil. Thi rty mi nutes l ater, their mouths 
were fl ushed with 0.1 ~l saccharin
flavored water ; ~ hr later they were 
dosed wi th cyclosphosphamide t o induce TA 
learning for saccharin. Taste- aversion 
learning occurred in both groups . The data 
on the far right of the figure are from 
rats that received saccharin-flavored wa
ter on day 12 and were gavaged with wash 
solvent 4~ hr later. It is clear that wash 
solvent produced TA learning even when it 

was delayed 4~ hr. However, it i s also 
clear t hat exposure to wash solvent on day 
9 ef fect i vely blocked TA learning for the 
re lat i onship between saccharin and cyclo
phosphami de on day 12 (anterograde amnes
ia) . 

Four days after the preference testing, 
three of the six groups of rats were as
sessed for shutt l ebox avoidance perform
ance over 100 training trials. In the 
shuttlebox task a rat must l earn to avoid 
shock t o t he feet by running when an audi 
bl e t one i s presented. The tone pr ecedes 
shock onset by 10 sec. The groups assessed 
in the shuttlebox task are designated "S" 
above the standard error bars in Figure 8. 
We also assessed the avoidance performance 
of experimentally naive control rats that 
were housed and weighed daily at the same 
time as the rats in the TA experiment . The 
results of the shuttlebox-avoidance exper
iment are shown in Figure 9. The avoi dance 
performance of the corn-oil-treated (vehi-

MEAN PERCENT SACCHARIN CONSUMED 

CORN OIL-9 
SACCHARIN+ 

0 20 40 60 80 

SALINE-12 ~~~~~~~~~~~..;:..;:..~~..;:..;:..~~.,.....:...:..~:...:.,......_~......,~ 

WASH SOLVENT-9 
SACCHARIN + 
CYCLOPHOSPHAMIDE-12 ~~~~~~..;:..;:..~~~~~..;:..;:..~~.,...~..:...:.._..~:...:.,...,.... 

CORN OIL-9 
SACCHARIN + 
CYCLOPHOSPHAMIOE-12 FW-~~~..;:..;:.. ... ~~.,...~_..~:....;:.,...~..._,.. 

CORN OIL-12 
SACCHARIN 1 

CYCLOPHOSPHAMIDE- 12 ~~~..;:..;:.. ... ~~~..;:..;:..~~~~~~.:...:..;, 

WASH SOLVENT-12 
+ SACCHARIN 

100 

FIGURE 8. Mean Percent Consumption (± SEM) ofSacchann-Fiavored Water in Two-BottlE' Preierence Test. From top to bottom. 
groups are: A. Cavaged with corn oil on day 9: ~acthann-flavored water iollowed by saline. day 12. B. Cavaged with wash 
><>lvent on day 9; saccharin-flavored water. iollowed by cyclophosphamide on day 12. C. Cavaged with corn oil on day 9; 
saccharin-flavored water, followed by cyclophosphamide on day I 2. D Gavaged with corn o•l on day I 2: followed by saccharin 
{1/2 hr). then cyclophosphamide (4 112 hrJ. E. Gavaged with wash >Oivent on day 12; followed by .;acchann (1/2 hrl, then 
cyclophosphamide (4 112 hr). F. Gavaged with wa~h >Oivent 4 112 hr after sacchann consumption. 
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cle) control group was not different from 
that of the naive, cage-control group. 
Thus, except for the rats administered 
wash sol vent, the mani pu lations of the 
first experiment had no apparent effect on 
avoidance performance. By contrast, the 
two groups dosed with wash sol vent show 

facilitated performance in this task, pos
sibly as a result of effects on the hippo
campus which increased the general activ
ity of the animals. Furthermore, the group 
tested 7 days fo llowing wash solvent ad
minist ration showed greater f aci litation 
than the group tested at 10 days. 
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• Inhaled Plutonium Oxide in Dogs 

PnnLipal !nv<;,~igator~ J- F. Park 

Othe1 lnve~ti!;Jtor~: G, A. Apley_. L G. Burton,/\. C. Ca:>e. G- L Dagle, L C Kinnas, H. A. Ragan. 
S. E. Rowe, R. E. Schi·mer, D. L Sleven~. C. R. WJtson, R. E. Wellt'r, and E L Wierman 

7echni<dl Asw.ta~ce; J. C. Chapman. K. H. Deboan. R. f. Flores, D H. Hun:<>r, A _1. Kopriva, 
B. G. Moore. C L P,uk, M. C. Perkins, L R. Peters. and C A. Pierce 

Th:~ ptO)Pct is concerned witf. lo•1g-1('m' expcriments to detcFmine the fife~pan dosE--etfect relation
~hips of inhaled nqruo, ar•d mru0 1 n beag!es. The d;;ta will be uwd to r>stim<~te the hea~t'1 eff('cts of 
mh<t.ed tr.wsuranh::s. 

Bf'agle dogs given a sws;le expost.re to 
2J"Puc 2 or z:<s;..u02 ae~osols to obtah 
grar:!ed levels of initial lung bu;dE>rs ar~;~ 
being ot.serve:i for lifespan dose-effect 
relatiol1Sh'ips. Mo"tality d>Je tc r;~diaticn 
p-rwemo1itis and iulig tLmot increased in 
the :.nree l'ignest. dose~lcve; grou:;s ex· 
posed to li3~->Pu0 2 during the 12-yr- pc}.te:..
posJre peri oc. Duri rg thu 91: yr utter 
e-xposure to i.S.Apu02 , 'liOrta1 \ty due to lung 
ano/ot bene tumor!; ~ncrea::.ed in UN two 
highest ccse-1 eve j groups. :::nrot.,-; c
lyrr.p'lopenia, :;:ccdrrir;; 0. 5 to 2 yr aft~;~r 

exposure, was ttlt' e-arliest observed effect 
after inhalation of eitn~~ 2'"'Pu02 or 
2311 PD02 'r tt1e f<:Jl.lr tdg•;est ctose~Jevel 
groJps that ~ad initial lung bu~dens £80 
rCi. 

To Cete-l'mire the 1 ifer,pan dose~ effect re
lation~hips of inhaled pluton'vm, lB·mo· 
old bP.ag1e dcgs were expO$Bd to aerosols 
of zv:•Pu02 {mc<m !\MAD, 2:,3 vm; mean GSO, 
1.9), prepared by ca~cining tre oxalate at 
l50°C fo"" 2 t1!'; otto nepuo2 (mean A!'!AG, 
LB 1-tr1; m£>ar GSD, 1 9), prepa-red by cal
cining the Malate at 700"C and 5'.Jbject~ng 
the product to H1

16C steem ir argon ex
chilnge at 800°(; for 96 hr. Thh tr.ater\31, 
referred to <H pur-e pluton'u'll oxide, is 
used as fuel "in space··'HlClear power sy~~ 
terns. 

One hundred t'lirty dogs exposed to 2HPI.iJ.~ 
lr 1970 anG 1971 were selected ~or long
term $bJdles; 22 will ~e santficed to ob
ta'n plutoniurn dist~~but.ion and P"trtology 
data; lOS were assigned to lifespan dose
effect stuC:ies {faole 1). One hundred 
thirteen dogs exposed :o 2->-"Pt.01 in 1973 
anc 1974 were select~d for 'Hespan dose-
effect stt.aies (Table 2). iwenty--fnur aa
ditio"lal dogs were exposed for periodic 
sacrifice. Ttl~ appendix (folloJoo-ing tl'ie 
entire Anm.;iil Report) :.hews the statu& of 
the dogs. on these experiments. 
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Table 3 Sl.lilll'l'arizes, by dose"level group, 
t1e mcrtality !!"ld Jesicrs associalecl wit'l 
deaths througn 12 Y" after ~xposu"e tc 
tM<puQ2 . 0Lring this pe""Dc, all Of tl'e 
dogs in the 'l1ghest-leve1 dose grcup and 
i1 Ocse Lt!vel Gro'.Jp 5. rireteen in Group 
4, s'x in Gr:mo 3, f~ve in Gn::up 2, eight 
in Oose LPvel Group 1 and eight 'n the 
control group wero: euthan1zed when death 
wa$ imminent. ~:o~trt.een t!ogs were sacd
fici~d fer comparison Of plut<>nL11r t1ssue 
distribution, Table 4 and Figure: show 
the primary causes of death a'ld the dis
tribution cf 24~Pu i1 the tissues of these 
anim<~: 1 s. 
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As :;urllival time increasli!d, the fraction 
of pluton~ urn ir the lung decreased to "-12% 
of the flr.al oody burden by 11 to 12 yr 
after exposu~. Ouri11g th"" firs:_ year 
after exposure, plutoniu~ was translocated 
primarily to the thoracic ly111ph 1odes; 
little p;uto:1i~HI1 was tra~slocateC: ~o othe-r 
tissues. Plutoniufl! content cf ~he t,o,.
acic lympl' nodes was "-lilt" of the final 
body Durden at 11 to 12 yr after expo~ure; 
the abd001i1111.l lymph nudes, prlr.::ipa11y the 
Mpalic rode~. contained ""6%. Tt!e frac
tion of plutoniurt ir- liver increased, ac-

count in{; for "'-31% of thf:l final body ln.rder. 
at 11 to 12 yr a ftel" exposure in the 
h1gher (0.1- to 0,2-~Ci body burden) dose
level gr-oups. The organ distributior of 
plutoni:<J!ll ir"l the periodically sacrificed 
dogs ~as generally similar to that of the 
high-dose-l£vel dogs euthanized when rlea~h 
was imi'le~t dur~ng the first 2 yr after 
exposu~e. The lower-dose-level dogs 
(0.001~ to 0.1-~Ci final body burden) ~ac
riflce('l or euthan1zed duri'lq the 11-th to 
~Zlh postexposure years had a much sma:ler 
frartior of the final body burden ir the 
liver, wittj a ~arger fraction retaineo in 
the :ung:; and/or t~cracic lymph node~. 
Abc .. t 2% of the final oody tnwden was ir 
the skeleton at ::_:. to 12 yr after ex;::o
sure. 

ihe :i(lgs ~uthanized becaLlse of resph•atory 
insufficiency dm·ing the 3~yr postexposure 
pe,..iod had increased respiration rates, 
and hypercapn-ia and hypcxemla associatec: 
~ith lesions i:n the lungs, Intermittent 
anorex l a and body wei gPt 1 oss acccmpant ed 
the respiratory <:nsufficiency. H1stoynf;
olog1c exarrl11ation of the iungs showed 
radiation pneumoritis, characterized by 
fonl irterstitial and subpleural fibro
sis, ircreased numbe,.s of alveolar macro
phages, alveolar epithelial 'iype~p)asia, 

and foci of squamous mHaplasia. Autot'ad
iographs showed activity ~frinarily com
posed of large stars, n:ore 'lUme,.ous 'n 
areas of interstitial ard subpleural f-i
brosis. Oog 8011-M a1so ~lad a pulmonary tu~ 
mor, ciahSified as a bro.1cniola-r-a1veo1ar 
care i noma. 
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TABLE 4. Tissue Distribution of Plutoni um in Beagles after lnhalat1on of H9puQ2. 

Ptr<:~nt ol Final Body Burden 

TulW After fon•l Body ThUor~Ct< Abdommal 

~ hposure- 8tlfden L•mp~ Lymph 
Number mo _.!£__ Lung~ Nod .. COl Node>Cbl l 1ver C)k~lt'(()ll c ..... ol Death 

476M 0.25 0 291 96 0 IS 002 0.24 0.16 ~.cnhcr 
4JSF OlS 1841 9'j 0.11 001 0.00 003 ~ri•u• 
316M 0.50 0199 99 0 ll 001 000 om S,.,c.uf~ee 

916M 1 0.074 99 ()82 002 011 0.08 !:.oacnh\.e 
920f I 0.011 94 0.47 003 0.08 Obi ~cni•H' 
91}M I 4 849 98 11 000 003 o.os Sa<r•f•ce 
702F s I 082 94 S7 000 0.01 0.09 5.Kntu.c 
109M s 1 7!{, ~7 2 1 000 0.00 0 .05 ~Crlhf.'' 
7l4M s 0914 96 34 000 O.DI 005 c;tiCflhU' 

7)9F 5 1111 95 47 003 000 0.00 Sac.r,r.ce 
910M 11 llll9 ,.. 15 001 006 001 Rad•~t•on Pnitumon..h~ 
747f 12 54N 71 29 00) 0.07 007 R•d~•cm Pnt>umon•t•' 
90bF 12 n l54 83 12 000 OOJ o.os JUd, .. hon Pneurnomt~ 
849f 1) OW07 80 15 0 20 0.04 16 SJt..rlhCf' 

896f 15 4 11~ 81 IS 0\J.! O.ll 012 R.}d.at•on Pllf-Umonttt\ 
817M 21 l 794 64 34 0 IJ 1 4 0.19 R.~~d•.ahon Pneumonu~ 

8tSM lS tl074 64 )2 0.08 010 ~atr.hc:e 

829M 26 ) 193 ?S 19 079 • l 0.45 R.:tda..~••on Pt'l(.,mon•h'lo 
760M )1 oq"'H 71 2) 0.57 ),7 0.18 Ro1d1at•un Pn .. umon•h"' 
890F Jl 2 01..! 55 28 1.2 13 0 l6 Rt~d•ahon Pnevn"'tll"ltl!> 

I!()IM 37 I 101 62 29 0.19 79 0 36 R..dt.)tlon Prtt"\\mnn•t•~ lun~ T t.~tnor 
796F 41 OOOSb s; 44 0.02 0 17 0 41 ~a<w•ce 
172M q 1 811 42 22 0.83 29 069 Lun~ Tumor 
7\~ 51 11707 43 27 ll 15 0 65 L,,,J( Tumor 
7%f ;,; "h"l 40 ll 4 I 21 1.0 lunM Tumor 
783M 59 I 1~7 ~~ II l 8 l~ 0.67 Lung Tumor 
87lM 62 I 741> 4S 27 6~ 16 0 76 lunp, Tumor 
7Hf ~~ I 1;1 35 11 009 24 0.64 lung fumor 
761" 69 IOM 36 17 h.3 19 0 53 lung Tumm 
127M 72 0 565 J9 14 I! H 0.78 lung Tumor 
71>2M 12 0001" 51 42 034 0 71 0.66 S.tcntw:t> 
837" n 10\4 42 18 070 14 0.46 L1.1ns Tum<.~r 
fttol~ 76 Obi: )J 12 I.J 47 I • lun)l Tumor 
852f 77 l tlb: 33 Ji 088 26 0.94 \.un~ Tumor 
803M '" 0 41> 20 41> 11 20 14 lntft'r'lotl11al Pneumollll~ 
375M 81 OOOlb 24 66 0.34 0.64 6.J Mah~l\dnl l"·mphom~. K•dn<"'o 
754M 84 011046 29 fol> 023 039 1 2 StAtu~ Ep•lcpti~;.U'I 

8Hf Bto l1 ()ifl.j 1: 65 0.?5 l.l I ~ k~ c. ul<.~m Ct~ll Sc1nomo1 
86flF 1M> 11468 19 31 13 )4 037 t un,.; T..~mor 
76~ 90 1101 ~ lb S7 032 I 7 18 0\ .wum l umm 
883M 93 o 1:q Jl 40 10 12 1.1 Lon~ Tumor 
8'itoF 94 0 .lUI> 40 45 0.76 9 .0 19 luntt Tu•,,or 
86~ 94 llh13 14 17 6.9 41 81 Lun)t TurTlUI 

787M 95 0 473 24 19 ll )9 27 lun~ lum()t 
620F 96 0 .Ill" 14 40 7.b 29 1. t.ung Tumor 
6)4f ~7 002> 30 41> 17 3.5 091 P\om(>tr• 
752M 98 OOli 24 b2 l 2 77 098 lUI'\~ 1umur 
6b4f tOO ll&lt, 18 2! 1.9 so l.9 Lung Tumor 
11()8f 101 Oti07J 14 72 0.049 0.56 0 93 llnf,nown 
178M 101 OOb\ 11 65 I 3 10 O.Sl Pulmon.ar, Thrumboemhohsm 
81lM IOJ 0 !83 1S l<o 19 16 l2 Lunt¢ Tumor 
814f 104 0054 49 33 41 10 16 lung TumOI' 
840f IOC 11139 17 3S 58 37 10 lun~t Tumo, 
777M 109 0 391 11 52 78 24 I 7 Luntl tum._.r 
8~7M 109 0 Jll 20 39 44 17 l4 lun~ Tumot 
898f I ll 0 JlJ 10 34 26 21 3.4 L\Jng Tumor 
8<>9F Ill OOObb 75 87 0.14 0.27 I b Ht'C"lJ.ng•v .... ucom~ He.-r1 
b97M 1 .. 0 141 IS b4 81 99 1.4 ( Mtl!iC I~Uifl("l~ftl," 

909M 115 0 444 lb 41> II 2S I 2 l\Jn{t Tt.lmOr 
824F 116 0 I?A !1 7S 0.50 2 3 070 l>nt;•umnn•.t 
&91M 116 OOOll 11 84 0064 048 1 5 ~phcemt.~ 

836M 117 OJH 12 bl 15 7.4 0 97 Lun~ Tumor 
&9lM 120 0 146 10 47 18 20 J.7 tun~ Tunvw 
794M llO 0 JQ~ 13 33 14 31 J.S r.tU11o,U\ Tumor Cu-.h•ns r; 
781f lll 0034 37 59 O.lS 11 0.72 lun~ Tumor Ktdn~y Tumor 
809F 123 01.20 12 36 18 28 ll l H'r C•rrh0$1s. Th.,..Otcf Tumor. Adct.>e.m :~~ 

8S4M 1.?4 0 4\5 ll 01> IS ).8 I 3 Lung lum1lt 
1!07f llS OOO.tt 10 71 o.s; I 2 1.3 P'•eu IJr~ tumor Cus.tun-g :ll 

810F llb 0 llq 59 4) 20 22 18 lt..n~ Tumur 
900M llb OOOtb I) bO l.3 90 H Round C.t-11 ~·~Of'T'I.I 

748F 127 00015 10 so 0 .87 O.H u Lnl.nm"n 
860M 133 0 335 82 68 80 II 2.5 luog Tun•or 
l!OSF IJ4 u lb9 5.8 ss 8.9 ll 2.8 bopl\.a~Po:tl L~Knnyomo~ lUn)C 1utnof 
780F 135 00074 28 69 037 0.02 0.79 Pheoc. hrolllOI. -;tom.-
905F 135 0 080 1) so 10 19 1.7 M•lognonc lymphoma 
82Sf 137 00020 9 .5 as 0 74 0.54 2.7 Hem..tnP,IOWrc.om.1 'i.~ 
764f 139 0081 IS 7S ).9 4.9 0.7] lung l~o~mo1 
808f 139 0 JOt! II 30 18 SJ 3.0 Long Tumor 

80IX 140 0010 11 78 1.8 S.l 2.3 ~Lgnant 1\ootebnuma P.-l.Jte 

8SOF 140 0.00062 12 81 O.bl O.ll 2.0 Bone Tumor 
833F 14) 0157 ) I 40 l2 31 11 MPinln Adn:o.tl ~nd Thy101d (4h..ll'l0mcl 

Ia) lndudes lr~choobroncho•l. medt.ts1mal •nd sltrnal lymph nodn 
(blloclud~ hepo1IOC, ''*"" 1nd "'"'@nl<>nr lymph nodes 

15 



z 
w 
0 
a: 
:::> 

100 

lXI 10 
> 
0 
0 
lXI 
.... 
c:t 
~ ... 
~ z 
w 
0 
a: 
~ 1.0 

LUNG 

0 23Bpuo2 

• 239Pu02 

0 

@ LOW DOSE 239puo2 

0 

0. 1 .__...__..___.__...~.-_.___.___.___.___.___.__-'-_.___.__..J..-.J 

z 
w 

100 

~ 10 
:::> 
lXI 

> 
0 
0 
lXI 

-' 
c:t z 
i:i: 
~ z 
w 
~ 1.0 
w 
11. 

.. 
• 

(!)® 

® 
® (!) 

@ ® 
(!) 

.@ 
• 

0.1 -..-....a.!,.w-_.___.___.___.___.___.___.__....__.__~~ 
0 20 40 60 80 100 120 140 0 

MONTHS AFTER EXPOSURE 

FIGURE t. Plutonium in Tissues of Dogs after lnhalatton of Pu02• 

16 

THORACIC LYMPH NODES 

• 
®·• • 

.~9. ill! @ ~@ 
• ® .. •• • • 

40 60 so 100 120 140 

MONTHS AFTER EXPOSURE 

. 
• 



Thirty-six of the 59 exposed dogs euthan
ized 3 to 12 yr after exposure had lung 
t~ors. Radiographic evidence of pul~n
ary neoplasia was observed before respira
tory insufficiency developed. Radio
graphic evidence of pulmonary neoplasia 
frequently preceded development of respir
atory insufficiency. In dogs with neo
plasia in the lung, respiratory insuffi
ciency, when it was observed, was usually 
a late clinical finding that occurred 
shortly before euthanasia. All of the 
exposed dogs 111i th 1 ung tumors were in 
Dose-Level Groups 3, 4, 5, and 6. One dog 
in Dose Level 1, which was euthanized 11.7 
yr after exposure, had an osteosarcoma 
involving the nasal cavity and maxilla. 
Three control dogs were euthanized because 
of 1 ung tumors. Dogs 794M, 803M, 809F, 
824F, 833F, and 835F (Dose Level 4), 697M, 
77SM, 834F, and 905F (Dose Level 3), 748F, 
754M, 769F, 780F, and 806F (Dose Level 2), 
and 807F, 825F, 875M, 891H, 899F, 900M and 
90BM (Dose Level 1) died during the 7- to 
12-yr postexposure period of causes pres
ently thought to be unrelated to plutonium 
exposure. 

In 17 of the dogs, the lung tUIIlors were 
classified as bronchiolar-alveolar carcin
oma; in six dogs as adenosquamous carcin
oma; in seven dogs, adenocarcinoma; in two 
dogs, epidermoid and adenocarcinoma; fn 
one dog, epidermoid carcinoma; in one dog, 
epidermoid and bronchiolar-alveolar car
cinoma; in one dog, adenocarcinoma and 
bronchiolar-alveolar carcinoma; and in 
another dog, adenocarcinoma, adenosquamous 
carcinoma and bronchiolar-alveolar adeno-
carcinoma. The epidermoid carcinoma 
metastasized to the skeleton; the 
bronchiolar-alveolar carcinomas metasta
sized only to the thoracic lymph nodes in 
eight dogs, and to several organs (includ
ing thoracic lymph nodes, mediastinum, 
kidney, thyroid, skeleton, heart, adrenal 
gland, aorta, and axillary, prescapular, 
cervical, splenic and hepatic ly~h 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 ly111ph nodes, sternal and 
axillary lymph nodes, heart, k.idney 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 mediastinu~; adenocarcinoMa with me
tastases to the diaphragm and abdomina 1 
lymph nodes; and combined epidermoid and 
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adenocarcinoma with metastases to the 
thoracic lynph 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 euthan ized during the 4- to 
12-yr pos texpos ure period, showed moder
ate, diffuse, centrilobular congestion. 
Liver cells in these areas contained fine, 
granular, yellow pigment resembling lipo
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 
239Puo2 in dose 1 eve 1 groups with mean 
initial alveolar depositions of 79 nCi or 
more (Figure 2). Through 123 mo after ex
posure, mean lymphocyte values were sig
nificantly lower (P < 0.05) for Dose Level 
Groups 3 and 4 than for the control group. 
At 127 mo after exposure, mean lymphocyte 
values for Dose level Groups 3 and 4 were 
not significantly different than for the 
control groups. The reduction in lympho
cytes was dose-related, both in ti111e of 
appearance and magnitude. Over the course 
of this study, there has been a slight 
age-related decrease in mean lymphocyte 
values of control dogs. In addition, mean 
lymphocyte concentrations in Groups 3 and 
4 have tended to increase, mak.ing the dif
ferences between centro 1 dogs and these 
groups less significant than previously. 
At mean alveolar depositions of 3.5 and 22 
nCi, lymphocyte values were within ranges 
observed in control 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 following 239 Pu02 inhalation. 

Ser~ chemistry assays have been performed 
to detect organ-specific damage from plu
tonium that translocated from lung to ex
trapulmonary sites. No consistent, dose
related 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 
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death tl1rough 9": yr after ~xposure to 
23 sP\.IC2 • During this pe~iad, a11 of t:1e 
dog~ 1 n t 1e hi ghos-:~ 1 eve 1 dose group, 
eig:.teen dogs ~n Dose :..evel Gtoup 5, nne 
dog in 3r::wp 4, r !lree dogs in Group 3. Cfl<': 
dog in Grcup 2, i!nd two dogs in Dose Lel/~1 
G;oqp l W1?re e:uthGrti:;:ed wl;er de!!tL was 
l!tminH!_. Two control dcQs were Cl.i~hi!'l
ized dvri'lg the 9!:l-yt ponex;Josure pHlQd_ 
Twenty-one dogs were S<~Crificed fo•· com
parison Qf plutorium tis::.ue dist.ribut~cn_ 
7ahle 6 ard fict.re 1 snow the causes of 
dtMlh and the di!ltfibution of ZHpu ~n the 
tissuH of thesP animals. 

Cf t~e 3B exposed c::;;s eut.hwized, 23 WJ?re 
killed due to bom• twrors (osteosarLo'll;,), 
3 due to lung tumors, and 3 due to Addi
;y,o's d1-5ease. EleVOil of tht! dogs euthan~ 
i zed dU!! to ostcosarco~aa a' so had · urg 
tiJ'l!ors; :.wo also had Addison's disease. 
A'!l of ~he exposed dogs. with ost,;oos;jr
ccmas, ltmg tumors ard Add~sc~'5 disease 
Wl!re in DOS!! :.evel Grjt~ps 5 ;.wd 6. One 
:::::se-Leyei-Group-: dog (989F) had a fibro
sarcoma in tf>e n ium. Eleven of the 23 
osteos-arcomas were in >~ertebrae; 2 in fe-~ 
:!lora, 3 'ln- ribs, 2 in the 5Capu,ae, 3 '\n 
the pelvfs, 1 in the tibia and 1 i~ the 
hume"'LS. Dogs 1047M and 1191F (Dose Level 
!'>), 1C81M {Dose Leve1 4), 960!"1, 1040M ano 
l043F (DDS€ Level 3), 1082M {Dose level 2} 
and 1163M {Dose Leve1 1) <lied during the 
3- to 9¥yr pos~exposm·e period of causes 
presently thought to be unrelated to p!u~ 
toniun eYposu~e. 

c 
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The lung tumors were c~assifh!d as 
brom::hloiar~a~veclar carcinomas 'in ten 
:::~gs, bronchiolllr·alveo-:ar ade11C1ra in one 
t::::Jg, and ade!losql!amctis carcinoma in two 
::iogs. In o~e a.og, three lur:g-tumor types 
were obsef'ved. bronchi<;lldr-alveolar, ac~ 
e11acarcinoma and fibrosart:o'!la. lung-tumor 
1tetas.tases were nat obs-erved. Sone-Lumor 
:ne't:a':.tas<.>s were found in the h,rgs of six 
do[;s; ; n th~ee do[;s, the bc~e ttJroor me
tastasi::.ed tc l11ngs, t'loracic lyil1ph nodes, 
liver, ;pleen and heart; and 11 one dog, 
tf!J bone tunor n:etastasited tc the "liac 
lyreph nodes. The five dogs 10+th Add~ son's 
d~ f.ease had ad:-ene: cort i ca 1 atr~;Jvhy. 

Ir: acditioh to the lesions associated witn 
the cause cf death, lesions in the lungs 
d the O<l~e Level Groups 5 and 6 dogs in
ch.:led focal alveolar histocytosi:;, alve·· 
olitis, alveolar a;lil1e1ial o;>'l hyper
plas1a, alveolar e'llphysema, p1eu-a1 fibro
~is, and interstlt'a~ fib1'0sis. t.~merous 
alpha '>~an ,,,?~e obse~ved, ma··n1y in .. OCl 
of fit:rosis., and sir1gie alo)'la tracKs were 
scattet'Cd l'iroughout sec:tio1s 1r foe\ of 
a1veclal' rlistocytosis Jnd -i-1 alveolar 
septa. The trachecbronc'lia1 and media
;;tinal ly!fp~ nDdes were complete'y cbl~t
etat9d by flecrosi$ qnd scarring, associ
ated with high concentrat<on:;. Df pluto:-~ium 
observed as alpha stars, Simila!" but hi!:>~ 
sewre lesions ,..ere seen ir the hej:atic 
lymph nodes. There we':'f! extersive altt>ra~ 
tinns ln ::cne, includlng m1,.ltiple areas o"" 
focal atrcpry of bo1e; erdas~eal, trqbectJ-



TABLE 6. Tis1ue Di'itnbut1on of Plutonium 1n BE"aglc<; after Inhalation oi 218Pu02. 
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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 as 
single tracks, generally scattered 
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 serun GPT 
levels, suggestive of liver damage, were 
observed in the Dose Level Groups 5 and 6 
dogs. 

Dose-related ly~phopenia was observed in 
groups with ~an alveolar 238Pu02 deposi
tion of 77 nCi or more (Figure 3}. The 
lymphocyte depression was more pronounced 
in ~agnitude and appeared earlier than in 
dogs exposed to similar doses of 239puo2. 
Through 118 mo after exposure, ~ean lynph
ocyte values were significantly lower (P < 
0.05) for Dose Level Groups 4 and 5 than 
for the contra l group . However, lympho
cyte values in the 238Pu02 -exposed dogs 
tended to increase sooner after reaching a 
minimun than in Z39Pu02-exposed dogs, and 
mean lymphocyte concentrations in Group 3 
dogs were not significantly different from 
values of control dogs 86 to 94 mo fol low
ing exposure. As with 239Pu, lymphocyte 
values in the two lowest exposure groups 
(2. 3 and 18 nCi) were not different from 
control values. A dose-related reduction 
in total leukocytes was evident, primarily 
because of lymphopenia, except in Groups 5 
and 6, in which neutropenia was also ob
served. Through 118 mo 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 monocyte values was seen 
in relation to dose levels. A significant 
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and progressive reduction in eosinophils 
was evident only in Group 6 dogs following 
238Pu02 inhalation. No chronic effects 
have been observed in red-cell para~eters. 

Lymphopenia, the earliest observed effect 
after inhalation of either zs9puo2 or 
238 Pu02 , occurred after deposition of ~so 
nCi plutoniu~ in the lungs. On a concen
tration basis, the 80- nCi dose 1 eve 1 is 
about 40 times the 16-nCi maxi~um permis
sible human lung deposition, based on 0.3 
ren/wk to the lung . 

In serum chenistry assays of 23 8Pu02 dogs, 
performed more than 118 mo following expo
sure, ALP and GPT values were higher than 
those of the control group only in Dose 
Leve 1 Group 3, 4 and 5 dogs. Elevations 
in GPT are consistent with liver histo
pathologic findings and radiochemical an
alyses indicating 238 Pu 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 ~ to 9~ yr after exposure, the frac
tion of the final body burden in the lungs 
of the 2:l8 Pu-exposed dogs was about 2%, 
compared to 18% in the 239Pu-exposed dogs 
(Figure 1 ). At that time, "-'11% of the 
238 Pu was in the thoracic lymph nodes, 
compared to "'48% of the 239 Pu. Livers of 
the 238Pu-exposed dogs contained "'32% of 
the plutonium burden, compared to 21% in 
the 1 i vers of the 239Pu-exposed dogs. 
About 45% of the final body burden was in 
the skeletons of the 238Pu-exposed dogs, 
at that time, compared to "'2% in the 
239 Pu-exposed dogs. Tissue distribution 
of zaspu 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: G. A. Apley, A. C. Case, G. J. Powers, H. A. Ragan, S. E. Rowe, R. E. Schirmer, 
D. l. Stevens, R. E. Weller, and E. L. Wierman 

Technical Assistance: K. H. Debban, J. C. Chapman, R. F. Flores, T. C. Kinnas, A. J. Kopriva, 
K. M. McCarty, B. G. Moore, M. C. Perkins. l. R. Peters, and R. D. Swannack 

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(No3)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 radia
tion 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 will be rapidly translocated 
from the lung to skeleton and liver. In 
several rodent studies, however, inhala
tion of "soluble" plutonium has resulted 
in lung tumors as ~ell as skeletal tumors. 
Lifespan studies are necessary to evaluate 
the complex 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, 
wi th different forms and routes of expo
sure to plutonium. 

Six dose groups (105 dogs) were exposed, 
in 1976 and 1977, to aeroso ls of 
239Pu(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 
239Pu(N03 ) 4 for p~riodic 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 contra l s for 1 ifespan observa
tions. The dogs were exposed in aerosol 
chambers, using techniques described in 
previous reports. The Appendix (following 
the entire Annual 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 Annual Reports. The 
average amount of p 1 utoni w in the 1 ung 
decreased to less than 1% of the final 
body burden in dogs surviving 5 yr or more 
(Table 2). There was early translocation 
to the liver and skeleton, with an average 
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TABLE 1. Lifespan Dose-Effect Studres With Inhaled 
lJ9Pu(N0 3J4 in Beagle~.fa) 

~umher or Oo.:' ln111,11 Aht;>oiJr Dt-p<NIIunlc) 
[)o<,p lt•\ ,., 

Group \1ak Fem.1lt' n(11CI n(tiJ~ Lung1< 1 

Control 10 Ill () li 

Vehrcle IU 10 0 l) 

10 10 2 ~ UO.! :t 0 ()~ 

2 II Ill li± 4 0.0!> Ll.ll~ 

3 ;(, :t 17 ± 0.! 

4 141 10 !<(j :1: h7 ~ ± 0.8 

5 It 10 I ~09 ± b!4 14 :t (, 

ft )44) :t 11!41 4; .1 17 

lal h~.:d rn 1476 dnd 1477 
lhl btomated trom e•ternal thordu<. count> <11 2 \\ed.; po,l· 

t'\J)murt• .tnd e<trmdit'd lun~ we1gh1< 10.011 ' hody 
we• gnu 

lei Mt>an : stancJJrd de,i<~toon 

of 42% and 50%, respectively, of final 
body burden present in these tissues in 
dogs surviving 5 yr or more. Only mini~l 
amounts were trans 1 ocated to thoracic or 
abdominal lymph nodes. This was in con
trast to dogs that inhaled 239puo2 , in 
which a considerable amount translocated 
to the thoracic lymph nodes, but only min
imal amounts translocated to 1 iver or 
skeleton at these time periods. In a pi
lot study reported previously (Annual Re
port , 1979), 238Pu(N03 ) 4 translocated more 
rapidly to liver and skeleton than did 
239pu(N03 ) 4 , but both reached a similar 
plateau at 1 yr after exposure. 

The earliest observed biological effect 
was on the hematopoietic system: lympho
penia occurred at the two highest dose 
levels at 4 wk after exposure to 



TABLE 2. Tissue DistributiOn of Plutonium in Beagles After Inhalation of 239Pu(N03l4. 

Percent of Final Body Burden 

Time After Fmdl Body Thora<.tC Abdominal 
Dog Exposurt>, Burden, Lymph lymph 

Number mo !lCi lungs Nodeslal Nodes!b) liver Skeleton Cause of Death ---
1129F 0.485 70.0S 0.16 0.04 8.28 18.79 Sacrifice 
1346M 0.902 76.81 0.32 0.03 10.45 10.30 Sacrif1ce 
1347F 0.699 71.71 0.36 008 933 14.09 Sacrii1ce 
I 336M 0.032 71 18 0.22 0.05 5.72 19.73 Sacrtfice 
13-llf 0.022 64.43 0 29 0.10 12 92 18.63 Sacrif1ce 
1344f 0.052 58.68 0.25 0.04 21.87 16.09 Sacrifice 
1335M 0003 19.52 0.07 0.06 6.68 25.04 Sacrifice 
1339F 0.001 19.08 0.13 0.08 20.9..! 45.47 Sacrii1ce 
13:51M I 0.002 40.68 1.22 0.09 17.09 28.89 Sacrifice 
1522F 3 0.05') 54.66 0.57 0.10 11.52 28.24 Sacnfice 
1529F 3 0.049 51 68 0.40 007 18.48 23 74 Sacrifice 
1539M 3 0.072 52.45 0 31 0.05 18.58 25.03 Sacri fice 
15b-IF 12 0.037 18.00 1.27 0.11 33.53 42.63 Sacrifice 

1571F 12 0.05~ 22.37 1.47 0.11 28.76 .12.91 Sacrillce 
1588t''v1 12 0.053 13.14 0.40 0 .1 2 35 85 46.1 8 Sacriitce 
1424,\.1 14 4 625 33.10 1.43 0.16 ..!6.49 36.88 Radiation Pneumonitis 

1517F 16 4.025 18.99 0.9-1 0.18 29 Sl 47.88 Radiatoon Pneumonolls 

1310F ,- .j 048 :?:!.00 1.1 5 0 05 20.71 52 00 Rad1auon Pneumoni tis 

1420M 25 I 616 16.51 0 .86 0 20 7.77 70.06 Radiatoon Pneumonitis 

1471M 34 I 375 9.25 0.73 0.12 26 92 58.34 Radiation Pneumonito> 
1518M 42 1.880 6.87 0.24 0.07 21.34 67.51 Radiation Pneumonitis 

+lung Tumor 
I ';)2.\1 42 2.13b -1.3 1 0.60 0 08 49.91 42.66 Bone Tumor 

I 308M 41 1 730 3.24 0.62 0.08 41.53 52.70 Bone Tumor 

1459F 51 1.567 4.40 0.15 0.12 30.86 61.41 Rad1a11on Pneumonitis 
+Lung Tumor 

1492f '52 1.202 2 8 1 0.20 0.17 27.02 66.36 Bone Tumor 

1;o.!r 54 3.11 3 0.80 0.39 0.09 33.33 62.51 Bone Tumor, Lung Tumor 

T4B5F 55 1.05.2 0.82 0.35 0.07 3! .13 63.94 Bone Tumor 

1387F 55 0.1b7 1.41 0.22 0.1.? 45.48 49 10 Bone Tumor 

1429M <;y 1.159 4.14 0.35 0.10 37.06 54 .70 Bone Tumor. Lung Tumor 

164f.F 61 0806 0 ~'l ,_ 0 .20 0 .40 ~6 <12 48.42 Bone Tumor 

l b19F 6.? 1.361 os; 0.59 0. 13 3i a~ 58.63 Bone Tumor 

1636M 66 0.634 1.21 0.27 0.52 H.9i 39.09 Bone Tumor 

l-198f 69 0.845 0.59 0.32 0.13 26.63 53.37 Bone Tumor, Lung Tumor 

1419M 7(, 0.873 0.69 0.28 0.39 44 .06 50.70 Bone Tumor. Lung Tumor 

tal Include!> tracheobronchial, medic~;tinal and sternal lymph nodes 
(b) Includes hepatoc. splenic and mesent(•ri( lymph node> 

239pu(N03 ) 4 . The results of these contin
uing evaluati ons are shown in Figure 1. 
Tota 1 1 eukocyte concentrations were re
duced significantly i n the two hi ghest 
dose groups , i.e., Group 5 (mean initial 
alveolar deposition, ~1700 nCi), and Group 
6 ("-5500 nCi). The reducti on in white 
cells in Groups S and 6 is due to an e f
fect on hOSt leukocyte types (neutrophils, 
lymphocytes, monocytes and eosinoph il s} . 
This is in contrast to the effects of both 
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239puo2 and 2 3 8Pu02 , which significantly 
depressed lymphocyte concentrations by 21 
mo after exposure to initial lung burdens 
of .... so nCi or more. The lymphocyt openia 
at lower dose levels of plutoni um oxides 
may be related to the more-extensive 
translocation of plutonium oxide to the 
t r acheobronchi a 1 lymph nodes. 

All f ive dogs at the highest dose level 
and two of 20 dogs at the medium-high dose 
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level died from radiation pneumonitis 14 
to 51 mo after exposure. Histopathologic 
exa~ination of these dogs' lungs revealed 
interstitial fibrosis, alveolar epithelial 
hyperplasia, increased nu~bers of alveolar 
macrophages, occasion a 1 sma 11 emphysema
tous cavities and , at times, very small 
nodules of squamous metaplasia at the 
termini of respiratory bronchioles. 

Lung tumors occurred in two dogs with rad
iation pneumonitis and in five additional 
dogs euthanized because of osteosarcomas. 
Typically, these arose in subpleural areas 
in proximity to areas of interstitial fi
brosis or small cavities communicating 
with bronchioles. They consisted of 
bronchiole-alveolar carcino~as in four 
dogs, a papillary adenocarcinoma in one 
dog, both bronchiole-alveolar carcinoma 
and papillary adenocarci nma in one dog, 
and bronchiole-alveolar carcionoma, papil
lary adenocarcinoma, and mixed lung tumor 
in one dog. No metastases or invasions of 
nonpulmonary parenchyna were observed. 

All the dogs that died or were euthani zed 
after more than 51 mo of plutonium expo
sure had osteosarcoMas. Osteosarcomas 
were present in 13 dogs euthanized 42 to 
76 mo after exposure: 12 dogs from the 
Group 5 dose level and one dog at the 
Group 4 dose 1 eve 1 . The osteosarcomas 
occurred in a lumbar vertebra (three 
dogs), thoracic vertebra (two dogs), cer
vical vertebra (two dogs), a humerus (two 
dogs) , sacrum (one dog), pelvis (one dog), 
facial (maxillary) bone (one dog), and in 
both a hunerus and rib of one dog. Metas
tases to the lung occurred in four dogs. 
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These dogs also had radiation osteosis, 
generall y characterized by peritrabecular 
fibrosis. 

Autoradiographs of liver sections from 
dogs euthanized 3 to 5 yr after inhalation 
exposure to the higher dose levels of 
239Pu(N03 ) 4 were c~pared with liver sec· 
t ions from dogs exposed to l eve 1 s of 
239Pu02 that yielded similar concentra
tions of plutoniu~ in the liver at similar 
intervals after exposure. The autoradio
graphs showed that the nitrate-exposed 
dogs had >99% of plutoniu11 activity in 
diffusely distributed single trac~s (only 
rarely i n 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 i ncreased prominence of hepatic ade
nomatous hyperplasia in the 2 3 9 Pu(N03 ) 4 -

exposed dogs compared to the 239 Pu02-
exposed dogs. 

Serum enzyme assays have been perfor~~~ed 
throughout the postexposure period in an 
attempt to diagnose specific da111age to 
1 iver and/or bone by plutonium translo
cated from the 1 ung. Prior eva 1 uat ions 
revealed periodic elevations in mean val
ues for glutamic pyruvic transaminase 
(GPT), glutamic oxaloacetic transaminase, 
and alkaline phosphatase (ALP); however, 
there were no consistent dose-related ele
vations in these values. Currently (more 
than 74 mo following exposure), ALP values 
in Dose Level Groups 4 and 5 are signifi
cantly (P < 0.05) higher than those for 
the control group. 



• Inhaled Transuranics in Rodents 

Principal Investigator: C. L. Sanders 

Other Investigators: 1- K. Briant. and K. Rhoads 

This project examines the interactions of external and internal radiation from mixtures of radionuclides 
that might be released from the nuclear fuel inventory. 

Accidental inhalation of radionuclides 
rarely involves exposure to only a pure 
material but, instead, is complicated by 
the presence of numerous radionuclides and 
may be exacerbated by exposure to external 
irradiation. To investigate such poten
tial effects, groups of Wi star rats were 
exposed to aerosol s of high-fired 2 39 Pu02 , 
244Cm02 , and a Pu02 -Cm02 mixture (1:1 ac
tivity ratio and 1355:1 mass ratio). Some 
groups also received acute, whole-body 
exposure to 6 °Co gamma rays (440 R) imbed
iate ly prior to inhalation exposure. 

There were no significant differences in 
clearance of 23 9Pu or Z44Cm from the lungs 
or the body between groups exposed to 6 °Co 
irradiation and those that were not (Ta
ble 1). Nor was translocation of pluton
ium or curium to thoracic lymph nodes or 
skeleton significantly altered by garma 
irradiation just prior to transuranic in
halation. 

Chai n-aggregate aerosols result from high
tentperature vaporization of 1 iqui d meta 1 
fast breeder reactor (LHFBR) fuels. The 
behavior of these aerosol s in the respira
tory tract may be different from that seen 
for single-particle fuel aerosols. 

In a recently completed graduate research 
project by J. K. Briant, young adult rats 
were exposed to an aero so 1 produced by 
laser vaporization of LMFBR fuel that was, 
by weight , 17.3% 239Pu02 and 79.7% 238U02 • 

The AMAO was 0. 7 1-1m; GSD was 1. 4. The 
aerosol was composed of a branched-chain 
aggregate. The initial body burden was 

568 ± 100 nCi alpha activity, and the in
itial lung burden (ILB) was 112 ± 31 nCi 
alpha activity. Upper-airway (larynx, 
trachea , bronchi and carinae) retention 
accounted for about 1% of the ILB during 
the first week after exposure. Upper
airway clearance half-life (2 days after 
exposure) for the plutonium/uranium aero
sol was about 30 days; deep-lung (alveo
lar) clearance half-time was about 100 
days (Figure 1). These data indicate that 
deposition and respiratory-tract clearance 
of a branched-chain nuclear fuel aerosol 
is not substantially different from that 
of similar-sized spherical particles. 
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FIGURE 1. Clearance of Initial Lung burden for Rats Expo~ed 
to a Single Dose of Br;mched·Chain-Aggregate Pluton1um/ 
Uranium Fuel Aerosol. 

TABLE 1. Lung and Whole-Body Clearance Functions for Plutonium and Cunum Oxides with or Without External Gamma
Irradiation !440 Rl. 

Lung Clearance Whole-Body Clearance 

Trl:'atment A l(a) n!a) A21a) nla) r!a) Tl A2 T2 r 

Pu Only 40 32 0.85 37 23 7.3 74 0.87 

Pu +Gamma 36 48 0.77 32 18 16 100 0.88 

Cm Only 79 6.2 23 58 0.98 93 13 31 1638 0.93 

Cm +Gamma 30 2.4 68 22 0.95 11& 37 

(alA 1 and A2 = amounts (nCil cleared with half times T1 and T2 (days), respectively 
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• Low-Level m puo2 Lifespan Studies 

Principal Investigator: C. l. Sanders 

Other Investigators: B. W. Killand, ). A. Mahaffey, K. E. McDonald, and K. Rhoads 

This project will produce data to generate a dose-response curve for lung-tumor incidence in rats 
following inhalation of 239Pu02 at levels producing a lifespan radiation dose to the lung of <s to >2000 
rad. A total of 2138 exposed rats and 1070 sham-exposed rats are on lifespan study. Individual initial 
alveolar depositions and radiation doses are estimated determined from 109Yb whole-body counts, 
using a mpu master lung-clearance curve and correcting for early differences in lung weight. 

This study was des i gned to provide data 
for esti~ating the dose-response relation
ships of lung-tumor incidence in rats ex
posed by inhalation to 2 39puQ2 . The sizes 
of the exposure groups were determined by 
statistical analysis of previous higher
dose-level studies and the historical fre
quency of spontaneous lung tumors in Wis
tar rats . 

All inhalation exposures have been com
pleted. Initial alveolar depositions 
(lAD) were close to targeted values (0.5 
nCi 239Pu in the lowest group, increasing 
by a factor of two up to 128 nCi), ranging 
from a low lAD of 0.60 ± 0.15 nCi to a 
high of 150 ± 37 nCi (Tab 1 e 1). The ac
tivity ratio of 169Yb/2 3 9 Pu was about 14 
for the lowest !AD groups, about 5 for the 
middle groups and 0.4 for the highest 
groups . Particle sizes (activity median 
aerodynamic diameters, AMAD) for inhaled 
169Yb or 239puo2 were smallest for the 
dose groups with an lAD up to 32 nCi , 
ranging from an AMAD of 1.0 to 1.6 IJil. 
The AMAD of particles for the highest-dose 
groups was 1.9 to 2.6 ~o~m (Table 1). 

The mean lAD in the 239Pu master 1 ung
clearance curve study was about 9 nCi. 
Analysis of lung contents of rats to 441 
days after exposure indicated that 76% of 
the inhaled 239Pu was cleared fr0111 the 
lung with a half-time of ZO ± 4.9 days; 
the remaining 24% was cleared with a half
ti~~e of 180 ± 130 days. The effective 
half-time of 169Yb in the lung was 14 
days. 

Lung weights increased during the first 2 
mo after exposure (at 70 days of age), 
usually re~aining constant in healthy 
rats, at about 1.6 to 1.8 g thereafter. 
About 80% of the total radiation dose was 
delivered during the first 2 mo after ex
posure. The re 1 at i onshi p between age, 
body weight and lung weight was estab-
1 ished by regression, allowing age and 
body weight to be used to predict lung 
weight during the first 4 mo of life. The 
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TABLE 1. Aerosol Characteristics o( Inhaled lbQYb, ll9Pu0 2 
P.:Ht1cle~. Valut>~ are ml'.Jn :t qandard dev1ation. 

Aerosol Charactemt1cs 
ACIIVIIY RatiO 

lAD. nCo AMAD. ~m GSD 111'~Ybf!l<ipu 

O.bO ± 015 I 10 ± 0.11 2.40 :t (\39 14.;0 ± 2 t>R 

0.98 :t 0.25 l.OO :!: 0 09 .!.40 ± 0.22 14.10 ±0.15 

2.4 ± 0.69 1.60 ± 0.13 2.00:!: 0.06 5.19 ± 0 .04 

5.7 :i: 1.2 1 4() ± 0.08 2.10±0.10 5.28 

7.5 ± :! .0 1.5 ±0.08 2.30:!: 0.12 5.20 

17 ± 7.6 1.50 ± 0 15 2.30 ±0.:!7 0.3'1 

32 ± 7.2 1.60 ± 0.09 2.20± 0.11 0 39 

8.! ± 20 190±0.1 1 2 00:!: 0 .03 () -l~ 

150 ± 37 .!.60 ± 0.04 2 50± 0.08 OAO 

coefficient of determination for lung 
weight predicted by age and body weight 
was 72%. For individual rats, lung clear
ance of 239Pu was si~ilar to that of the 
groups (Figure 1), indicating that a mas
ter lung-clearance curve can be used to 
accurately predict radiation dose to lung . 

A consistent and significant relationship 
was observed between actual 239Pu in lung 
(measured by liquid scintillation count
ing) and levels estimated by 16 9Yb whole
body counting at 7 and 14 days after expo
sure (Table 2). "System check" animals 
provided the basis for these analyses; 
there were four or five of these rats for 
every exposure group of 35. Even at the 
lowest lAD levels, good correlations were 
obtained between actual 23 9pu and esti
mated 239Pu levels in the lung. 

The cu~ulative radiation dose to the lung 
at time t for inhaled 23 9Pu is estimated 
by the equation: 

R : (51.23)(5.15)(1.11 W8C14 ~ ft Y(t) dt 
t (1000) Lt o 



8 

u 
c 

z 
w 
0 6 a: 
:::> 
CD 
(!) 
z 
:::> 
..J 

0 
w 
..... 4 
c( 

:::>! 
i= 
(/) 
w 

2 

DAYS AFTER INHALATION 

FIGURE t. Clearance of Inhaled H9pu from the lungs of Nine Rats Following Inhalation of l69vb, 239puo2. Lung 239pu levels 
were determined by whole-body counting of 169yb activity. Each curve is for an indiv1dual rat. 

TABLE 2. Regression Characteristics of Prediction of 239Pu 
lung Contents, Using L1quid Scinti llation Counting from 
Whole-Body Counting for l69yb at 14 Days after Exposure. 

Regre~sion Res1duc~l Coeff1 c1ent of 
Targel Slope Standard Determination 
lAD n fi ±~1!. '$ R2 

0.5 40 0.79:1: 0.0 12(.1) 0 .018 0.8.2 

60 0.72 ±00091(al 0.057 0.84 

2 34 0.86 ± 0.00a7lal 0.1 2 0.97 

4 5 0 .72 :.t: o.ots<al 0.16 0.95 

8 a 0.74 ± 0.011 Ia) 0 . .20 0 96 

16 10 078 .:1: o.o17laJ O.Y2 0.98 

u 10 0.97 ±0.012 0.87 0.96 

64 9 0.83 ± 0 .024 5.7 0.91 

128 -1 0.88 ± 0.010 2.9 0.96 

laiNot ) lgniiicantly d1fferent based on lik4'1ihood ratio te~t. 
Pooled estimate ~~ 0.78 ± 0 022. 

where Rt i s the radiation dose in rad at 
time t; 51.23 is a constant; 5.15 is meV 
per alpha disintegration; 1.11 WBC 14 is 
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the estimated l AD based on whole-body 
counts at 14 days after exposure (WBC 14 ) 
and cor rected for alveolar clearance from 
0 to 14 days after exposure by the factor 
1. 11; 

Y(t) = o. 764e-0. 0237t + 0_236e -0 . 00227t , 

the lung clearance of 2 3 9 Pu; and 

Lt = - 1. 23 + 0. 0361t + 0.00647Bt -

0.000117Bt, 

the lung weight based upon changes in age 
after exposure and body weight, B . A 
lung wei ght of 1.6 g was used subs~quent 
to 2 mo after exposure. 

About 85% of the radiation dose was deliv
ered duri ng the first year after exposure, 
most of it during the first few months. 
R ranged fro~ 8 . 3 rad for an lAD of 0.6 
nCi at 3 yr after exposure to 2100 rad for 
an lAD of 150 nCi (Figure 2) . The dose 
contributed to the lung by 169Yb was 0.1 
rad at the lowest lAO, or 83 times less 
than the dose from 239 Pu (830 t imes less 
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FIGURE 2. Correlation of Actual .tnd Estimated 239pu levels 
in the lung~ oi lnd1vidual Rats in 0.60- to 2.4-nCi lAO 
Exposure Groups. Each point represents an ind1vidual rat. 

on a dose-equivalent basis, employing a 
quality factor of 10 for alphas). Other 
groups exhibited 169Yb doses of 0.08 to 
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0 . 69 rad, depending upon the 169Yb lAD and 
169 Yb/239Pu ratio . The contribution of 
169Yb was considered insignificant with 
respect to expected biological effects 
from inhal ed 2S9Pu . 

The status of the lifespan study, as of 
September 1983, i s shown in Table 3. Most 
deaths in the highest-dose groups are due 
to lung tumors. Radi ation pneumonitis and 
fibrosis were significant factors in mor
tality only in the 150-nCi group. 

TABLE 3. Status of the lifespan Study as of September 1983. 

lAD. nC1 

0.60 

0.98 

2.4 

5.7 

7.5 

17 

32 

82 

ISO 

No. R.ll'> on 
lifespan Study 

Alive Dead 

994 6 

530 1 

203 & 

% 2 

sa 2 

59 

49 11 

57 3 

35 25 

No. Control Rats 

Alive 

499 

269 

105 

4-1 

30 

29 

28 

30 

29 

Dead 

0 

0 

2 

0 





• Cigarette Smoke and Plutonium 

Principal Investigator: R. E. Filipy 

Other Investigators: W. j. Bair, and R. L. Buschbom 

Technical Assistance: S. D. Harris, K. E. Lauhala, and B. G. Moore 

Cigarette-smoke-exposed rats and beagle dogs retain greater amounts of inhaled 239Pu02 in their lungs 
than do animals with no smoke exposure. Autoradiographic techniques with liquid photographic 
emulsion and cellulose nitrate track-etch film are being used to determine what effect cigarette-smoke 
exposure has on spatial distribution of plutonium particles in the lung. 

The major objective of this project is to 
obtain experimental data on whether ciga
rette s111okers are at greater risk than 
nonsmokers to potential health effects of 
inhaled plutonium. Because cigarette 
smokers constitute a large fraction of the 
population, a synergistic effect of plu
tonium and cigarette smoke might influence 
estimates of the health risk for plutonium 
and other transuranics released to the 
environment. 

Prolonged exposure to cigarette smoke 
caused a significant reduction in the 
clearance rate of 239Pu02 from the lungs 
of rats within the first 6 wk after inha
lation of the radionuclide. Smoke-exposed 
rats and sham-exposed rats that inhaled 
the plutonium aerosol retained approxi
mately 65 and 40%, respectively, in their 
lungs at the end of the 6-wk period. Au
toradiographs of rat lung sections indi
cated that the parenchyma was the primary 
site of retained plutonium in both groups. 
Autoradiographs of the inner surfaces of 
pulmonary airways indicated that at the 
time of death of sham-exposed rats, nearly 
eight times more plutonium was being 
cleared from the lungs via the mucociliary 
c 1 earance pathway than in smoke-exposed 
rats. These data and the methods used 
were summarized in the 1982 Annual Report. 

Groups of beagle dogs were exposed to cig
arette smoke or were sha~-exposed for ap
proximate 1 y 60 wk after exposure to an 
aerosol of 239 Pu02 . Based on in vivo de
termination of 1 ung burdens, the smoke
exposed dogs retained more plutonium in 
their lungs than did the sham-exposed 
dogs, although the difference between 
groups was not as great as for rats. 

We are now developing an autoradiographic 
procedure for location and quantitation of 
plutonium particles in the airways of 
dogs. At necropsy, individual lobes of 
the lungs are filled with air, and 1.5% 
cacodylate-buffered glutaraldehyde is per-
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fused through the pulmonary vasculature to 
avoid displacement of plutonium particles 
within the airways. The lung parenchyma 
is stripped from the major airways of the 
fixed lung lobe to approximately the level 
of the secondary bronchioles (Figure 1). 
The isolated airways are cut into sec
tions, as indicated in Figure 1, split, 
and flattened against sheets of cellulose 
nitrate track-etch film so that the film 
is exposed to what had been the inner sur
faces of the airways. After 6 wk of expo
sure, the film is removed fron the tissue 
and immersed, with agitation, in a 4 N 
NaOH solution at 60°C for 150 min. The 
film is then washed in water, dried, and 
mounted· on glass microscope s 1 ides for 
viewing. 

Figures 2 and 3 are backlighted photomic
rographs of the film after etching. Each 
point of light in Figure 2 represents the 
path of one alpha particle. The film in 
Figure 3 was exposed to the inner surface 
of the bronchiole section numbered "1" in 
Figure 1. There was a relatively dense 
concentration of plutonium particles in 
that section, shown on the film as clus
ters of alpha tracks (Figure 3). 

The concentration of plutoniu111 particles 
on the inner surface of the airways of the 
dog was difficult to quantitate because 
individual particles were not as easily 
distinguishable on the track-etch film as 
on liquid-emulsion autoradiographs of rat 
pulmonary airways. As a first approach, 
the concentrations of etched "holes" in 
the films were subjectively graded from 1 
through 5; those grades are indicated in 
parentheses following section identifica
tion numbers in Figure 1. Particle densi
ties were generally highest in the small
est airways; e.g., sections 1, 3, 6, 14, 
15 and 17. Sections which included major 
bifurcations in the airways (10, 16 and 
19) did not have markedly high concentra
tions. 



FIGURE 1. Diagram of Pulmonary Airways From the left 
Apical Card1ac lobe of a Dog Lung. See text for further 
explanatiOn. 

FIGURE 2. Track·Etch Film Autoradiograph ofTwo Plutonium 
Particles (Photomicrograph). 
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FIGURE l. Track·Etch Film Autoradiograph of a Portion 
of Bronchial Section 1 (See Figure 1). (Photomicrograph). 

Since the tissue is not destroyed by this 
kind of autoradiography, it should be pos
sible to reconstitute the specimen by 
immersion in fixative, to process it by 
routine histotechnical methods, and to 
produce liquid-photographic-emulsion auto
radiographs from cross-sections of the 
same ai niays from which the track-etch 
autoradiographs were made. Our efforts 
along these lines have thus far been un
successful. 

We plan to apply these procedures to the 
lungs from 12 smoke-exposed dogs (six of 
which had also inhaled plutonium) and 
lungs from 5 dogs that inhaled plutonium 
but were not smoke-exposed. First, a sin
gle lobe from each lung will be used for 
comparing plutonium deposition in smokers 
and nonsmokers. Track-etch film autorad
i ographs and cross-sect ion a l, 1 i quid
emulsion autoradiographs will be made from 
immediately adjacent portions of each air
way section. We hope that these prepara
tions will reveal the concentration of 
particles as well as their location within 
the tissues. 



• T oxkology of Krypton~85 

PrindpJllnve~tigiltnr: J. E_ Ba!:ou 

Other lnveHig<~lors: G. E. Dagl(o. H. S. D('ford, 0, W. Murphy, M. ft Sikov, H, 0, Tol;ey, and 
D. H. Wil!ud 

The purpose of !his research i<. to obtain biological d;<ta !o supplement earlier evaluations of :he 
haza~ds oi WiKr expos.1re. The s!udies include bo~h short-term and chronic exposures of rats, dogs and 
sheep to determinl' :issue di~tribution and relentton kinetics !or metabolic modeling. We have a!so 
included dose~effectstt.:.dies in ra:> exposed acutely as newborns o: ch~onically for r-:ost of their life 
span to identify :issues -ill :isk and determine tumorigenic potency. 

This i~ lhe fina; report f<:>r this proJect, 
whic~ termlrntn::( at the er•d of fY 1983. 
Frogre~s R.-porL were p•·esentt!d 'n !h:~ual 
Reports f~r 1~75 ':htoJgh 1~32. 

Higr~lights of the research in.:lude ~'le 'o1-
1owing: l) tt.~~ df'!n:Yl5"t""atiJn of pl1centa:1 
transfe~ and fetal irKO"pontion of inhaled 
3"Kr ir· pregnart s'leep ( To:'icol;. :~l 
Ptnr11acoL 4S: 25::, l978): 2) e. descnption 
Of-Sf,Kr distribution i!Pd retent1cu i'l the 
ra:. {'1ealt:1 £!'~ 43-: 669, 1S82); 3) the 
der:lonstration of d row hanrd potenticd for 
tt'>e fE~~s assc::iahd .,.,·it'l e;Kr ex;:;os<l"t 
during ;::nognancy ( ~ ub:ni tted to Health 
Pf1ys); 4} the identification of baS~Teell 
care noma of the skin as '::Je primary w;.lig~ 
1ancy associ.o.ted with e.><posure o;' 11ewborn 
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r-<t-:.::. <;.o 85K_r- at:to;;phern-:> (submitted to 
ttea~_th .:.,1~. t11e ~Jm:sho~d for indtn:tior1 
of -::his 1es'on appears to be les-s than 1000 
"'ad to the sk_ln SJdace); and 5) the dete~
'lllnatiOil tna"t chronic expnsur.- to 25 Kr lev
els u~ to 10,000 tirre.; tr.e MPC fer- tne gen
e"<~ I populati::tn did not i11fluenco?- IISKr dis
trithitlon, weisht gain or tJmor incidence 
in rat! expvse-d for BOS nays. Sigrificant 
(? 0.05) lifesnortt>n~ng i11 the 101 -times 
f.\PC ;;roup was suggested by on.:= s~atistical 
::est and rejected by anctt>er (submitted tc 
Healtt; ~) F-Indings from theso;o studies 
st:pport the adequacy of tne r>:=ccmmended MPC 
for t5K<' and iqdfcate tt1at a negligib~e 
~azard ;s associat~d witn t~e prese~t ~nvi~ 
ro~l'lentai 1eve·l of M'K>'. 





• Toxicology of Thorium Cycle Nuclides 

Principal lnvestfgator: J. E. Ballou 

O:toer Investigators: A. C Case, G.£. Dagle, K A. Gies, 0. L Haggard. D. W. Murphy. J.' Ry,;~n. and 
H. D. Toi!cy 

The pvrpme of this project i; to inve~tiga~e the biological hazard~ associ<Jted with ur.apium~lhorium 
br('edet fJe!s and fuel retycle pwott'S~ solut'or.s. Initial studies emp:-tasize the rm~tabolism and long· 
term biological effects of inhaled B;LJ.L-•2l) nitrate and oxide fuell'"lilterialS and o~ lJ'P<i, a major, longw 
lived, -·adioacl!vv wasre product. 

Malor Wistar rats expos<>O <:c graced do,es 
of 2\lpa citrate a~ro$Ols (l, 17 or S6 nCi 
initia\ lung !lLJrder; HI!) neve oeen ob~ 
5erveo for their 1'fe span. Retention in 
the lungs, llver Jnd skeleton (::lata fot' 
U;e three dose group.>. wer'e cowbi ned) l s 
Sh~JV~n ir; Figvre 1, togethet with previ· 
ct.sly reported data en re;;,;;nt~O'l of 233U 
(A.nnua~ Repo.-t, 1982). Tne ct.rves were 
co:-~structed usi:lg data frcn beth sacri~ 
ficed and lOfespan rat:., as indicat~::l. 
A'tl;n· 7 days, rntentior. \o/J$ dGscribed by 
eithe"' Clnb~ Clr two-exponential fllnt~iotb 
as detailed in 7aJle l, lo'hich also shows 
lBJ ~e:ent1cr pil''anete'"'S tor cornpariso:J. 
The shortwlived l;;ng-clearar.ce compcnent 

usually associated with atsorot'on and 
mllcot;i1iary processes -was not included if' 
these data, i.e,, only retention :nterva1s 
tor 7 to 2.00 days a'ld >20C days are si>ow'L 

CUlllwlative radiation dose tc <:,ne tisslJe5 
was ca~culated asswring clearance accord
ing to the equations show~ i'1 f-igure 1 ano 
summing ovt>r the hdiviCta! "'at's 1l~e 
span. The esti'llated lung d<Jses were di
¥1de~ toto close ranges for presentation i1 
Table 2 arC are show'1 with t~e correspond
ing ma1-:gmmt-lung-tumor incidence. lne 
over11T il·cidence of maligna:.t tumor« is 
q'iver in detail in Table 3. 
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Malignant luny tumnrs wen!! clearly a5soci
ateO with 2:>1pa inhalation. Tht> dose· 
re'ated respo11se for these le:dons agl'ees 
well witl-t resuHs ohta 7 ned ~o~ltt> inhaled 
ll31lpw, zst~p 11 , ""''Am, l!53Es, nou and n2u 
1itrate aerosols_ The 1owest. 231 Pa dose 
..,.hich ptoduced a lvng h.mor ~o~as .... go rae, 
ace>.Jflt.hteC over- time peduds cf 535 d;:~ys 
(::me pap~11al'y adenocarcinoma) aad 6&3 
day~ (o·1e adeno5qua1110us carcinoma). 

0<>tro,.o>To1\as of the skeleton ~o~ert' un
COIIWIC'l ln these- f'ats, rt>flectlng the rel
at;vely low ("-'1 to 2% IUS) translccatiorl 
of 23 1C~a fro~r 'ung to skeleton c0111paretl 
wltr cthe-:- actwioes we have studied. 
Protactirit.tf'-23.i. was translocated to the 
liver in aamvnts sirtd1M' tc those obs.:rved 
with Z3':lpu ar1d was :>iJl'lilarly lr1effective 
h the induction of liver tumors. Further 
comparisons o* 231 Pa and the- i'igh· 
specific-activity ura;tlU'fl i,.otopes <nu 
a11d zHu wi 11 be :r~ade wtu;n: rartioanalyses 
are t!:'m;:llE:"ted 

5qJ,lm(X<> Ce:~ /1,de'1C'I(jUil!"HJUf 
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• Inhalation Hazards to lJranium Miners 

Other lnvestigutors: 1-!. L limchborn, G. E. D"gie, P. 0. Ja•~">on, R. F. Palmer, and H. A. Ragan 

Tec+nic<~! A".;.!\LHK€: G 8:-odauynski, CR. Petty.J'ld VV. L Skinl!f'r 

This proien 's investig<Hing teveh of uraniJm Mine :;~:r coPfamman:s, w.ing bolh l;ug:e and smai! 
experimental aumah to model humcin n•spxa:ory ~:;steff' disease. Lurg <:ancet and deaths by 
degenerative luns di~Pase h,we reached epiderr.ic prop01tions among uranium mir.ers, but the cause· 
effpct rt?latiom~ips for the~e dheiN'S are baseJ or. inadequate epidemiological data. THs project 
identif:'es <~genh or combination of agen:s :both chem:ca! and radiologkal). a.'1d cheir expos:.~re lev~e'~. 
tha: ptodun: respir<'!tory trad lesio:-~•, including r<':'5pir;nory Epf~hd!al (.rtrcinoma, pr.('U:rinCO~l:osis, and 
emphy5Pma. 

Appl'cximately 2000 mal0, specific-
pathogen-free ;..tistar l'dts are clwrently on 
stuay; the conpletcd 4000 ana 5000 Series 
experimerts (Tables 1 a1d 2) were designed 
to clar'fy the tOles o" t.na'.;tachetl RaA 
ddughters, anti the degree of l'adcr dihlgh~ 

ter d'isequilibricJll', in the aeve~opment of 
respiratory sysU>I'l d1seaM~. The rw.ar~y 
ccrnpleteo 6000 and 7COO Series experiments 
(Table 3) are C~?signea to develoo t'le ~e~ 
1ationst-.ips between r·e~porse and rxposu;-e 
to radon dau:;hters (at two rates of exro
sure) ancl c.;.rnctite ~,:ra'1i\;m or>: (llSt. The 
8000 Ser-ies expet'llentt (hnle 4) ;;~re de-

lABlt 1. R Jlh~-r::,u;~.l''' U·:.m,\r kn~c. f '-" w;;" ~~·~dv r 
R.•h 40ifJ "''"""' n:'<'<~'l'=-11~•. 

.:;{)0 \\', R:.,<JG~ DJU\I,hl("f'; 
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){)!) V\ '. K;doo f'HUj;'1P'S 

lnt•·'m\'(hd!e R.1A l''IJ\f,)(h·q:•r-~ '·.·JII·'v· 
"-'0.! r,;p:i'11 \ \_.r,,.;,"''' Or<• Ou>t 

:;no \Vt ;<,,(to" Ll.<t!l\"t,..., 

11•;;1 R1A ~;N.!Uc hVW'l! "'·'-"'"L; 
"-'0.4 Tt:n~' C>u ,lJfl• \me Dus: 

Tr:;U 

f~tXH,f<?, 

\·',.l,\1th: 

'"- 1? ,m.nni; ·n <!·_Lh ;<WGf• e;..-;:oO<";i q() lui,~·~ 

tb\'1-·;:nk·n;; \<'w'. "'\'I.' .;. dH r<~l :,-; d:>j ::o•no:0J110r ..-,( 

rh· ~"mt-'"<'d r.:>d<m rl,•Jiher> ;.-, 1 ::er m c~ir :h;;t '"''! 
asu'·1 m he· j;,--,-,~'0 t,,.,,:,o,. nt 1.1\ 10' \it.V of 
t•nleG:<iJ; :t fnerg;. \\':;.-king l<w.: m0ntt (\Vi .'•A: '' ,l1' 
,-~rnou<C !o'o\.w;:JIPr>! 10 ::::: w ,1t ~ l·\'v'l (0'1<<"1\f.Jt,,,~ 
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TABU 2. R.>!()p.l) ug'nlt-r O•·+q\Jdrbr·yL ~tudy :.., f{ :.t-; (50tJII 
'><·t,~; ,.,.pt'lm"'I>O' 

c 

ht'""'t:' h•t; rJ<•n<l'• 
!\_u,~\·:<e" i'q·JOI·i•''"~' 

!) . 'l [) ' \1 : 

" ' n :e " '" 
Jel!r< ,:, 

-~\(•fJJ-"' 

lquJ.:;ra_•n l<>LY 

r,·,c:m hro>ur~· \V' 

IJ< 012:: ,, 51::) 

.. ·: t, ,,, .l'·ll' i"' "'" n gro"f' ''";"~""I '_N) ~' .w~ ,c~ snt \.\'~ 
,1r ,: -,) '''t('IY·' ~ot.lr•)lll V~ c).;,! 

·" \\'nr~.q· "'' d •\\ l ' ;, <;'.;·ruwd ,I, ·'"' ; f!lHHI',-,uon ,,f 
:•u! c(;)rt iht'{ fH[<>;" d,,;,;i-tlf'f' ;'1: :llH !II ,llf +dt W' 11 

1<·,(.11 H tlw u<;T•.lk vn''"'-'" ,,j I '1' 11_1' :AeV -Ji 
.HA•·nl·d G·,'ll"f;l 1.\'<•<"<l'lS ln·0' ••Hntt· •\V~IJ- '" ,,, 

'''I"''Jrt• "'''---'·' ,,,,, t\! : 7\J m ~~ J 1 V\ \ , ''"'J"HrJI o'l 
-~---,_, ___ _ 

s i gred to exten:~ the exposur-e-re~pcrse 

n~ii!tlorrsl'ip$ to levels aopropriat>: to 
ct.n~nt exposure cordHions in t~e mine-; 
anrl to l i fe':.ine envi rcnment.a 1 expcsur<>s . 
The 9JOO Seties experiments (Tab1e ~~ con
t."NJ\1 the "low-dose" studi~s at exposure 
rat.es comparable tc for:r~er occupational 
wo;king hweh (lJ Wl) tc f~rlher eva:uate
H£> nypothe,-, is tLat the t!J!tor pr:::babi 1 i ty 
per wol·l,lng level mo"'th (WlM) exposure iw 
creases w~t1 decrease \n expo$ure a~n:i ex
posare ra':.e, Concurrent ex;wsure to vary~ 
irg leve's of ura:rdl.fl or(' dust tests, ir> 
adclitior1, the hypothesis that irrihnts 
{bo~t; specific anc rcmspeci"ic} act sy~:er
gistici'llly with radiaticn expDsures, t.h'"' 
synergisM i;~crea:.irg with decreao;e in ex
posure 1i.>vel. The expos~r~s of SDOO Se
r~es anii'Hls are cLrrent'y in ;::r·ogress; 
the expc-;ureo; of 4000, :::JC:J, GOGO, 7000 
and aooo Se1'ies anlmals <~re ccmoletea; 
some o~ the 7000 a·1d 8000 Seri'es ani!!lals 
iP'e st i t1 ! 1 vi'lg, 



TABU: 3. EspoS'Jrf' Resnon.e i<:01J!,of1)Hp Study l0r R4don
O;;ugh;r- C\f(•nogr·.,e5h ·n R<lh {6<'::00 Se-ivs ""':ner''l'<>nt5) 

>.:wmbtr of 
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1;)()0 VVL R<lJur> 0dug'1rer> 
! 5 m>,-ln.l l:tWI\.un Or<: Dts 

LJ;Xj WL KJdun 0J<.Jgtlkr; 
1 S ms!m" .;nm<.JI'' Ow Ocr 

>:JIYJ \'.'1 Radon Drtug'lkf\ 
1 \ mp-·rn i •• -rH;iurn Orf' Dv.~ 

':COO \Vt i{ylon 0dL>i\/11er> 
1 -~ m~:r/1' c.'f<H~Il.U:I Ow Du9 

Tnu

~~oo'"'"' 
1;\'C\,\Irl) 

:0240 

~120 

12il0 

l2U 

i<1; o''<Jcnbr: oi ,J(,mJh ·; ;uf~in(''l\ tn deteo 'he ;~rc1d1<<t'<i 
,rud;;nce or lung :umr:;-; J\ !.'le 0 U:, 10 I) I lev;:! Di 
~ gr'to;-a'\U:'. ,l,>L'l'ng :,neJ.r'ly n; rt·;.por:w 0<:'1<~ew-> 

0 ",-,d 42C>O \\'LM (',e;; icui-\OI<-' cL /Ni ll. ~ l'\, 'fl:lt1· 
'«N'Dlh "Ktdt!lf<'-

\h) h;HJ~\Jh' ;;:~:1, OJ() f--.fw~. pfJ~n\'D iH"I<Jdoc ~J/ ,;flU' 
IV ;,:ud) "';1 b,' r.:p(•Jteff@ <:0 \Vl <J1f ·,ltlh0vl 

;J('tlixL:- -,~e!!IJU~; ''! .J~$1-IIW<ll p•;-\·lfll" 'JH"'Cj '''PPww

'Jh· CJtJ <701!.1 '""''''· t<Af"'''Jmcnto• 
:d:\\'::•kqg kvel <\V:.< ,, de'·PEd ;,, J:·-~ 'on>hmJ".•im o,

'"'' lh-c--t-hf(l r.~CJ0 HJ:J~httr, n ' ltt\'f ::;t J • thJ: 1'-:: 
't\ull ·n 1h.· u:;;,.\,lle <'f'1iSWH1 0' i,, \ H_i-' M<:\' ''' 
pvtt-'ll9< J-t'I'V'b" \.\<,lfK''l& le<d m~-,,,;M •\\'L,'\.1. ; Y' 
t•A;t>q,re <'q'li<JI<•rt L I !0 he Jt"' -VI/I <:TK~G!rdl·Dn. 
F'w'>>(>d' E\pc~uw at ')(\} \\'1 tpr f.: ;-,:,d,, to '-'/U(l 
\\'! 1-.,j f'i<,Yj.Jt 'o'd J'' i:\\1'_' • I nt idf"fY<'' ()I ( ,1fCH1t:r:l<l 

We lave concl<.~ded :.hat the Jll<lst r.i;;nifi
cart les1ons related to radon da~ghter and 
carnotite oN!-dust exoosures in UP. 4000 
and 5000 Series r>xperi rnents are neap 1 as tic 
an::; non-necplast~c lesions of the- res:.i:'a
tory tract. Hhtco(!t'lo1c;;ic data for 
these lenioos and ':>Utvival times were 
o.howrJ in t-he 1982 Ar.r:uai Rermrt. Prelim" 
lnary h'.;topathologic dat.l for the 6000 
Series sacrifice animals nre shown in Ta
ble 6. 

The unat:..achment fracti'on and d1s!llqt.i I 11!
riun studies showed that the ris<:. or pri 
mary lung tumors signHicartly increas!lls 
with increar.ing radon-d3t..);;llter vnatt:u::h~ 
ment fraction and disequlJ ibrium, 'rhe 
i'lel'li!IJ$e wa.;; of barqerllne significance in 
the disequilibrium &tudy when the total 
nurrber of rats with lung tumCr5 was int('r
compared. One would have expected a 
stronger significance if equil ibr~ IJlll t'adon 
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TABlE 4. L•Jw·fX[YA\Jil' Re;,·onw Re'aio<>~htp $1udy tor 

F!ddor-O;m;:l"er CMunot"""'"' m Rato;, 

hu;r•t<:'r of 
A~Jtr•<~b'J' ·-~~'1:~-!<<c~~~~'-· --
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1, ''1?·~1' U'J( .. rn Ott O;H 

; :::o Wt Rot10•' f\l\'1'(!\kh 

1'i '11~1'11 1 l;:a!H.'l1 C·e C,,t 

!':(' Wt R,;dorr n.._,,;;hter< 
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100 W' R;;c'l11 :J.;_ugk,-.-, 
;:, 'T1g:mJ ,Jramc.tn O•f' ;)u;t 
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l\jX<\JtC. 

\Y! .'\.''c 

80 

20 

\l'NLmbe' of Jn1rnah -~ >Uifklf'rt :::o df'lect •ung (J!1lOfi ~~the 

(JJ5 lC 0.1 '('\(.; :;J-i 11£n<hcan<.e, J>WT-'"~8 ""\"<41tY <_>f 

r~sp;,'1;,e ~h-'•:-r;n 0 .'.nd &40 \V~.\-'1 r,_.~ io<;.t·>ote (i 
Jnd () 1 ~"'» ;;.ontJfi<"OU~ inndenlf"_ 

ihJhp.::sur<' r.1te_ '}() Mr'"-~: pl.:.t-wd p2'n<ldic :i<l( r-IILt •)I 
'It Jn•:tMI, r•on; 11<eup 

;;;Peter.: •'xr;o\\He;-ind•<'Jle J :lOmY ll'lud.cro~e vi 16".-o ~~ 
r,.;(J W\.'1.1 \-Vork"'F :ev<e, ,\VU ·~ deim<''' J~ Jny corn· 
b•"·'''('~ dlf--'! ;;ho".->•ed rddO~ o"J~hh"r, m J l•ter 
v' Jlf il-;<t "- 'i re>t,': in tlw \.':IOTtd\l' r:mi'>'Gn o1 
l J~ 10' \'eV oi ;::own~<ai :t·{·negy V;l:FkPg le,,.,-1 
tnV't'l 1\\\MJ ,, d'l e~;y;.,w;· i'TJt\;li.c">! 1\J ;o() I'' Ht J 

1-'.V~ r:Y>n:-mr.-vion 
;o;Rcpc>al t••oo;;;·P :; to; nmm.::h?Jhl'' ,._cr TAh:., 3 ,-uc,, 

daug'lters (ec;llilihriul'll factor 1) had 
been compil'r'ed vit.'l U:e 0.1 equi llbril.:m 
factor Pxposurt'o conditlOr!>. Howeve~, -e
su]t!> of the anirral expost:re;. concyr wit!' 
moaeling predictions of incr-easing radi<l~ 
tio1 do~e witt> wHttach:11ert -frdcticr at"d 
diseQJilibrit<!f· of rocc11 o:a1.1gtllers. Bil~ 
cause tw!l<:n·s ccmmonly occJr mori! per1pher .. 
a< ly iN artlmahl th;w ln hunans, rac:Jn
datJghter disequilibrium, in particu~ar, is 
thoJght to tle of g"eater significarce ir 
hu:uan exposures. Wher lu:g lesions ore 
compared, a 0.1 equ~llbriJm facto:-- e>;po
sure cond,tiJ~ is ap~roximately equivalent 
to an exposure CDndhio'l with somewnat 
1ess tnan 10% RaA unattachrnent. 

Nasopttaryr\gea 1 squamous n'etap 1 asia and, 
generally, ce.n::ho.11a ircN?ased -.dth in
crease in the RaA unat.tach~ent fraction. 
There was no indication th:at high cisequi
:itrium radon daught!llr ex:po5Ures without 
concomitant b.igh RaA ur~attacnment proe1..1ced 
more nasal carci;oma_ 



The- lLng carcino1'!a$ ir the: uratt,;o.chrnent 
fr-action and disequilibrium studies were 
rougt>ly identified as proximal or distal 
according to the size of asscciated or 
neigt<boring hrontlli 31'ld bronchioles, Trwy 
~o<E:-e !i~l!erally er,tima<;_ed to be about 5U% 
pt•oxlwal (bronchi-reiahd) and 50% dlstal 
(b"onchiole-rllldted). The tdstolcgic 
c)a~sificatfon was ar;:prox'mately 70% bron~ 
chogen j c card 1oma and 30% brent hi c l ca 1 >te
cial" carc'inoma. These data Me •n ccr
shast to the near1y 100% P'"Cxi1:1al ~oca~ 
tlor and bronchogel'ic c1assi:i<::Aticn o+' 
hu:nan hmg cancers. 

The orel<min~ry serial sa:;;ri~ice aata 
shown in Tab'e 6 for the exposor<c-response 
telatiMship study (5000 Series exceri
nents) indicated that, in :nost cases, the 
earHest lung tUI10rs occu:-red approxi
mately 1 Y" fcllowil'g completio1 of exco
svres. At exposure 1evels 'ess than 1280 
WLM, no luPg ca'lcers were roted earlit:>r 
than !8 mo after exposLre. 

TARLE:,. :_,:;,<1:0,~ £-,)'""'"' R 1k Si.!dv ;,, K.«;,;n ~).;u;:('>W' 

(ar(lh(}g''~l"o -; Ill ~.r:< 

>icm·.pe• d 
An· r.vJ•d 
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'.2 Jllf1'4-\ tn r.J<;h KOUC 

\<;Ji\'ntk''lg leo-.••\ '\•\'1) b ;:f!ir,•;:i d XW t(Hi1bcr,\'IC'l tJT 
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TPirty-:"ive beaglE> dogs are cutrrntly en 
study to de:ternrii'le the patllog~n~·c rol0 of 
iri>alation expcs~.:re to cer')otite urariu'll 
ore C.t:sl. We are partlnlarly ir~.eresteC. 
in clarifying t.ne ro'e of the ore dust in 
tf'e production cf the l!H\S1ive pu1mon<~ry 
fibrosi~ observed i'l ar- earlier stu:ly, in 
whic"t beagle dogs ><er~ exposed to radon 
:::augl'!lers and mixtures or .Jt<l"lium :Jre dust 
and cigarette ?mok.e. Thf:' present study 
(chronic, l·ead- en ly exposure5) l!ega1 .. nen 
thP. jogs we no about 2~ yr old, tl.lorg w•th 
routine physical exdminaticns and periodic 
hematologic aro clinical chemistry noea
surements, hlstopatno 1 ugic, radiometric, 
morpnorne tr L::, rena 1 and pu 1 wonary tunc t.i on 
evalu-:~Uon$ wen: conducted Ot'! t.hese dogs. 

He rro;t notable puil!lOnMy le><io'ls ob
served in dogs exposed for ,1p tn 4 yr are 
vesicular enohyserna. pel''bronch~oOiti;; and 
focal pneumocc'liosis. Trese lesions, de~ 
scr'ibed in tne 1931 >\nnt_,al Report, W\'re 
ccntrasteC wi~h the lesio1s- obsened in 
the ear:ie" stJdy, in ~t~l1i:::'< beagle dogs 
were expose::: to mixtures nf rlldon daugh
ters, ur~.niu'!l ore dust af'ld ci;;<~relte 
s:>Joh. three anirrq1s we•'e ki\~ed fcl!o ... -
ir;; 6 yr of expc::.ure to Oetel'rnine a·.y fvr
the" progl'ess io1 o" pulrnorary 1 es i :lnE. 
-:"hese data have r•:;t ;ret been analyzed. 

Rad1owetric aralyses of lur.g tissues were 
pedonred on two of three aelimals killi!d 
each year (thrJJgll 4 r) following the 
-start o" t."'cl'il.lffiwore~dust exposure~. 

f'~evi:::us irrha:atio;, st:!tlies in OU"' lat:ora~ 
tnry involving. three spec1es of animals 
~,rat, hamster ano beagle dcg) cr;d l"''J va
"iet1es of urarium :Jre dust in secl-olar 
e<julliori~Ht (ca•·notlte and pitchblt'nde-} 
!'0\iea'eri consistert s~paratior of -.rariul!'l 
ar;d thcriurr IsotopEs ir; tissue~ of animals 
at necropsy. The patt111rn of hig'l0r reten
tion of thorictm th<H'! Ul"iHYiU'll .. as noted 
<>hrt :y after exposures begar il'ld s~:g
gesled that ,traJl'U'II or!!, .,.hen prese-nt as 
an ai"torre cont.aruinant, st10u!d be re;:;u
latO?d on the basis of its constH~.ent rad~ 
i:::nu.-;1 ides, ma!dng the <::J- 0 Tt) level the 
r::etemtning factor ir- ma:dmt:m p-er!fliss-fb1e 
-:~lr co1centrat'ions. Because the car'lotite 
ore expel'iment;; were ccnfou01dt>a by the 
preseelce of ctiH~r alr contarrinants, such 
as ra~)n daughter~. diesEl ergi'le exba~1st 
and ciga1·ette smoke, and because subse~ 
quent measurements o~ ~i,ers' lu1gs at t~~ 
University o+' Lt:ah revealed that uraniun 
and thoriun isotopes rernalr ih n~ar
equilibriJro, it was decidl'd to :"t1pl'at some 
of tn2se measurements in the lungs of 
beagle dogs exposed to :::arnot 1 te ere dust 
alr;we. Tl;llse data ~Jen.: also shown h the 
i.98Z Annual ileporL Furtt:er ;walysh on 
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"ong-lived radionuclides in two dogs el<
poc.e1 fo~ 6 yr to uranill'll ore d\15t sho-w 
q!.ialitat•vely cOflsister<t cctta., wh'"l an 
aveng;:. 230 Th/2Jl'lU ""atio of 17.1. Tissue~ 
fran: two ether do;;s fomerly exposcj to 
,JI~ xtut•es of 4400 l'llM radon daughte~s Md 
t.r<~r1iuw c~e dust (0112 wEh, the ::Jt~er 
w;tnout cigarette srr.oke} W(H'e a'so an~ 
al_yzed fo" long~ 1 ived rad1orud'des. The 
exposUt'es to radon daughters and uracdom 
ore dust term1nated 1n 1974. Radlometr't 
a'l.alyses 8 yr la-:er 5howed a,, avet·age 
:cMTh/~;li!U ratio of 10.5. The 5ma'ller of 
tre two ratios (8_4 vers~,;s 12. 7) ~o~as in 
the dog expvsed to cigarette smo~<;e. :here 
is no <:\ear::11t eviderce from t~v:-se ltrrited 
data that the Bxpl<l'lation ~or the 1ear~ 

eqwi Jib~i um cOI'ldit ~ ors four;C in the hu:nan 
c.ata rnigh~ be du~e to the loCJqcr time 
e~apsed betw;:.en ~t>l\posures of !.he 11iner~ 
and autopsy o-e their lungs. The previous 
aniwal deta have nl .. ays re-~'lected the 
ll 3 i1Tn;t 16 l! ratios immM--ately follrowlng 
expMures to uranium ore dust. 

'Wn have recently supolen:enteQ servm tests 
with urina1yses to determine the presence 
of kidney dam<~ge in the ore~ctust~ex:oosed 

dogs. Rt>nai fwn:tion was evaluated tc six 
uraniun~ore~dust-exposec ar~ six sham
ex;::srd dogs following 6 yr of exposure 
for 20 hr/w< ttl l:J mg/11l uraniu!'l ore-ct.st 
cnr;cer:at'ons. Tests cor.auctecd on inte
grated urine samp1es Wel:"e: osmula<ity, 
spec'fic gravity, glut:.H;e, crPatinine, 
prc:.eir., sodium, potassiu!l'., c11or'de, 
ali<.<J.1-he and acid p'msphatases, glutamic 
oxal.:JiiCO!t:c trarsaminase, glJtattic pyruvic 
t-ransartirJa!ie aM a m;o·oscopic examir.a
t'on, With the excepticr- of glucose, ;"e
su1ts of t1e tattery of tests ~o~ere eqdva· 
1 ent for the <!Xposed i!!ld shan~exposeu 
ctcgs_ l'"le 11ean ;lwcosP excreted in 24 hr 
by the expose:: dogs wa<; 27 3 ng, verst.s 
10, 1 mg by the sham-t>xpased dogs (P .; 
0.05). T:d~ difference wa~ etpally appr~ 
ent when glucose excretior. \oliH> 0xpres~ed 
aG m:;;/kg of body weight O"' as ll'g/m~ of 
urine. However, the .lbi'!ity cf the \de~ 
neyc. to c:mcenit'3ti: urine follm.--hg de-pr;~ 
vat ion of water for W'l extend;:.d period ;;as 
0ot dl fhmmt between the t-wo treat'l'lent 
groups. P1us, based on this &eries of 
tes.ts, it "'ppears tfJat kidr>ey function has 
not t:een ~;;.omp:-omlserl by prolonged exposure 
to U'~'aniJm ore- th1st. 



• Fetal and Juvenile Radiotoxidty 

Prircipallnvt>Higator: M. R. s:kov 

Other lnvf'stigators: R. L Buschbom, W. C CannQn, D. B. Carr, G. L Dagie, P. L Ha<:hon, B. J. Ke;man, 
D. D. Mtihlum, B.). McC!Jnahan, Mid D. N. Romrnereim 

Tt>chnical A\sistqf'n': J. A. Cushing, B. Hogbe:-g, T. :\.Pierce, R. L. Rommereim, and S. A. Watson 

This project is direc~ed tH ob1Jining detailed comparative inforrr:ation on the deposition, distribution, 
retention, J"1d toxici;y of rad;orudides ;r 1he prenatal and juvE':life marnrral. Becau~e quantitative data 
c-arrot necessarily be exttapoldted to mar, emphasi; is alw directed toward establishing patterns, 
phenomero!ogic interactions, ,md re·;nionships which wi!! be usefui in determining appropria:e 
exposure levels for the rapidly growing infan{ or c-hi:d and for pregnar:t womE'n. 

An experiment to ev<~ 1 uate the pffecfs of loster-rearing of newborn r;;ts on the .ifetime f'ffects of "'"Pu 
exposure has demonstrated that, while longevity!\ primarily dependent on radiation history, growth 
rate and adult body weight are rv!ated to the exposure and fitness of the !os:er dam. Results froM an 
ongoing comp.:l'ison of tf'e dosirnetry and ernbryotoxidty of " 1Pu and J4'Am confirm that the forrrer 
has a grearer efieo 0:1 the U)'tceptus. on rt1e bas:s of dose admi:"listcred to the dam. Studies :n the 
gui<1ea~plg perfusion ~y~tem have confirmed {hat 'T!aternal blood How to the p'acenta is deoeJsed by 
intravenous rlo~es of 30 nCi/g mpu and suggest that the threshold !1es .11 ,appmxirrate!y 5 nCi/g body 
weight. A dost' of 30 nCi/1'( o• "'Am d0es not affect blood t!ow. Clearance of t~e two actinides is 
Similar when blood flow effects ME' rot C0'1sidered. 

The ratio'lale and protocol for M experi~ 
ment to evalu<~t:e toe effects of foster~ 
rearing of neoratal ~-'ats on tile inClde1ce 
cf "'39Pu-indu:ed bone tliii'Jrs were de
scribed in previous Annual Repo~t~ (1981, 
1982)" lr Jrief, pregnant rat5 we,..e in
jected -;ntravenoJsly at 19 days Uf gestaw 
ticn (dg) ,,d:J' 50 n(l/g of .a citrated (70w 
fcld ll'Olar excess) Z3'Jpu so1uticr or with 
a citrate solJtion. il': 1 day d age, tne 
offspring of some l~tten were festered to 
iactat~ng females tf'lat nad received the 
same (o"" the opj::c&ite) exposure ar. the 
dams; others wer~; krp':: with ::l'eir dans. 
Ti'us, 5i_:o; experimental group5 were form.:a. 
as ~howr in Table l. Within each ti'll<;} 
bloc:<, contr:>1 dams ...-en~ ':il:ea 1 no afler 
the la:;t exposed O<'lm tH.d died; s~wviving 
offspring were k1;1ec e:t 3::: mo o" age, 
Al1 arin.ah were r~ecrops1t>d, arc 1eslcrs 
(inc;uuing tJnorsj wel"e pr'epared fw· his· 
topatho'cgical e:o;amination. 

Kap1afl-Mol:!ier surv~val Cl!"V£'5 were comp~;ted 
and plotted, and statistica~ ccmpar~sons 
were made ;;sino the Bres:ow- ac1d the 
Ma'ltel-Haensze· - &tati$tH:s. Result<; 
sb~d that the iorgrvity of cams wa; sig
nificar:Jy reduced by ntp-u e:<;:;c.sure b;t 
was not sigrllficartly affected by rearing 
a teste" Htte"' cf th: same (or opposite) 
ex:Josun! group (Taole 1). Survival of 
ccnt~"cl and exposed Cff5prirg was uni~ 

fornly gn;ater tl'ar tnat of their da'lls. 
Surviva· curves were sig;;Hiuntly de~ 

4S 

presser: in a~~ groups of offspring t'Jat 
we"£ exposed prenatally, but a c:lf'siste-nt 
effect of fostering coJld not be detected. 

latpncy to clevelcpment of grossly detecta
t:le mammary tumors was decreased in an 
9'"'0UPS of exposed pups re 1 ati ve to those 
"'"hich were not expos.t>d prenatally. Latw 
e'lty was shorter in exposed pups fostered 
to a control rroott>er (XC) than in those 
kept w-ith their :;,wn mother (X) or fostered 
to er~ exposec: mothel' {XX)_ These tt,.mors 
have not yet bee1 cor~fi"1led ey h~sterlogi
ca1 BvaluatiorJ. 

Fo:1ow1~g tl'~ pattl'>"n c.rscrib<?d in last 
y~?ar's flnrual Repo~"t fer thl" ;:2riod 
through l yr of age, ..-e~ght curves of tile 
(lf(spring tOtJtimJBd to wore close~y re
flect ;astnatal rearir;; that1 prenatal ex
po~U'"e. J\l~nough lhe dat01 bl':tcme less 
clear at older age~, Decause of cteat'l5 
with n "t.ch group and debilitation ::rior• 
to doat'l, stati$tlcal evaluation U';.ing 
analysis o"' varlance derl\O'lstrates that 
these diffuences a1'e statlstically sig~ 
nificart It is of b:clogict."~ importance 
that t~es,e effects 0'1 gtowth and oOdy 
wei£ft are dissociated from dir~ct effects 
en tJOStf'at"'1 survival attrib\ltabl? to pre
nata 1 /r.ecnata' exposure. 

Radioa'lalysis was per .. ormed on tissues 
frcm ether a:~imals that had received iden
tical ex:pcsu~es, as well as from deced-
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ents, w a·,;cw :::J1culaticn of radi~tior 
doses. Organ burde:~s dna concentr.atlC>'s 
for -r-e-presentative tissues, show1 in Fig~ 
Ut'i;f l, are 'rt grcrNal ag~epnent with data 
fron orevious ex:::wriTIN1ts. furt~er de~ 
tailed data analys.es arr i'l pro;Jro:tss r.c: 
establist> rad>at-io;J doses t0 other rele
vnt ::issues. lo:.al p;utcniu11 cor':ent of 
tr1e oH.,pri'19 j..- t'le ;ro-.;lS reilr<:d by 
pluton'uTI·Pxposed ~emales {partially i'-
lustrated by :iver) 'rKreasPd durllig the 
"irst :'ElY of p<:stnat<'!! li~e. reflect-:no 
continued inta~_e a1d deposition frurr 111ih. 
Jls a rr-st;lt, pcstnata1 -~ve"' (a.rd body) 
burdePs in the XC grou:::s w0re :ess thar 
those ir the X Of f..X go:.~ps ;:wa, to a 
"lrst~or::ier appv·G>cinatlcn, summation of 
body b .. rde:~s ~r We XC at'C ()( ;;roup eq~;a1 

those in tile X a1d )()( gr0~1p~. A si~ilar 
re-:atloh:>-:p bet'.lePn gru;o'> was seen when 
co:ICer-trations in 1 lve" wf're consiC'.'reC 
How''''e~, th10> decrea5e h co·Jcertrat.lo~ 
w1U~ tiff<!: was '!i.;•·e P"f:C pit:>us bee-u~e of 
t.~e ;:rCl,Jre~siv"' ~rcwn-, of the offspr·-:ll{J, 
CHld hepatic c;r:erJtrat1.;;s ·,.pre Dare·;y 
'>igrlif'cant after 3 fllO of age. Clear dif 
•rrence<; i:J ske:E:.a\ depcsil'rm c::a;?d r\ot 
be detect.e•j amcrg t'le tfTPP :Jr-eratally e>
poso:rl £FCJpS, elthougn illl -.·ere !farkedly 
t-igt.er t!'-ic~l'l >n the c:<. grou;.L The ?ones of 
t:tH-' hN.d te'<dC!l t.o ha'Je h q;he~ i r i ti il' 
CJ'lce.lt.ratiof!s tl~a'l t:-~ost-- of t'le a;::pe:Jdic
ular ~ke'eto't (i~ LJ'>trated by the 7ki:ldib:e 
arJ feTiur, rf'spect~vely), aHi ti'e rJif' of 
cecre.ase :ended -::a Dll! 1c><er as tt'e rf'suit 
of s.lowe"' growth in the post:~ata: period. 
Re<eotion ...-ns tenacious atte•· tht "nitial 
rapid declir;e thr:Jug~ 3 me Df age, ar;c the 
<Hllmal;; of the three prenatally e;oos<?d 
!;roup: rrcceived s;gnificant c..;f'leta' £·J<po
sures :N'O~.<g'lout tt"--~: du"'atinn of th(; 
stJcty. 

Results. fro_1t Ol.r prowious eKperim;:>nts sq;
gested t1at Prenata: "'ats were less af
fected by intr<~venuJs exDosures. ot their 
da:ns ~:: 211 Am Unn to 233 Pu, o~ .a.n ad;11" w 
iste.re\1 do:>e :Jasis. hluch of the differ
enc~ "as .tlttri:Jutable to r:lffprr.nces h 
p'!acental transfer dn<:i tlw resl.lt\ng '~"adi
aticr oose ~eteived by the fet,.5, but we 
cou!c not r<.~le Jut ':Pe irlf~wence of <;;train 
d:ffe,..wncr.s, wnit::"l we hili.! cumonstratetl 
with r~t!::on:um. To bettt'r defi'le Urrcse 
f«ctcrs, a< er.oer1ment w;;:s initiated ":.o 
obta'n a cotlterr::orJ.,·('ous cc:mtt~rison cf 
elnt>"'yor:i:: te;;pon:;.e arHi to ob::>in aod.
tionai aosime:r•>t d:>t&. B;;oH;ct or-. 1\f'P~'OP 
'oate ''£dative fet::;.dccerita' CO'!Ct>.ltra
ti&ns, talcul;;ted "rorr tl>,o da.::, o~ vur 
e-;~ri.l:r- EoA::>£-'>"-rrer,~s. rreg11.'1n: r<~t~ st '1 o" 
15 dg ~<>rre i-1trav~~~.usiy injet:ted with::; 
0'" 30 rCi/y ot n~t>L. or ,..,u 30 or 90 
f!Ll:,o o; 24 'ATI_ To ,-Hl<.ICe var'i.>':li:'ty, 
th<> anilr.->ls w.pre bre:C dtving a ?-~·r· p&d::Jd 
in the 1\C1''1ing Jrj ar0 ths c;;;;;r·o~-ii~Jh·'y 

[• h•' y<·:,• 'J<e'' tl',dl• l:•IE0 'JS(!(1 i;• ,_-re·,i(•\,:'
e\;J<!f\1'"'1tS. :-l,c s':.udy i:o mc;;;:i•l<J, t:tC 
SO'ilf'· P.en,_,;tins ~'0·J.~Ionsl•lrs arc· alrvaoy 
<W0i3''0~': ;_';,b;f. 2;. f-'r.:na~j' irdt"'l!t_y 
~.oa~ -;J<·c·il.~ed :.y the :.~!)he~t C>SI! :Jf ;:.~v~ 

ton:u·1 ;;r al"''t<c'.;rr. w..,en Jctnrtr<stered at ':1 
Jg; Uk iq('>TiEe wJs o~ s;;nC]ar lf_,o;qnilude 
ic· bcch snqps d;,s,;it;:; th<e tl--red::ld d'f~ 
"et(::Ke 1'1 .:ldfll1L:~tt,~d doSf<, "'eiq~ts ;;.t 
the ((}~ lg 'et r~es y,pre sffnctr::! '!'11y bi 
e>:e>OSt:n at 9 dg; a sig,,.t\cJ<1t :>~crease 

was see~ :<': .'){' nC:h; p'utornurr 3(>(1 <:!n 
alro~t-rig'lificant drr,to.ose n"L 90 1Ciiq of 
amec;(i~,,n. (l,Jcental wei<J'll was ,;iynif:
car:tly ··ed1.-::ed only after e_<_pcsurP ':::> lhe 
nighht c:he '.lf ;:1utjt:iun at 9 dg :::r 
:::osute ,,t 15 ctg die 'lOt dffect pre:tatal 
mDrta;:ty, fet-.;:1 weiglt, or olacerta: 
weight. 
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TABLE 2. Eff~ts of Exposure of Rats to 219pu or 241Am at 9 or 15 Days of Gestation (dgl on Developmental Measures Evaluated 
at 20 dg 

'l·dg bp<Xures 15·d!l E•~ures 

l39pu .NlAfn nqPu HlAm 

lmpl~nl,. 

lottPr'JI 

Oo••lh>J 
l 1tter1•· 

fetal 
we g<bl 

Control 

7 

12 4 :1:1.4 

1.4 ±1 1 

] 4 1:0.Jldl 

10 nCi/g 

1b 

12 q :1: 1.9 

13 :1:2.2 

3.2 ±O.Jidl 

30 nColg 30 nCiJB 

IS 15 

tl.9 :1:1.2 111 :1:2 s 

2.1 ±3.1! o; :tO.& 

2.9 1:0l(C1 33 :tO.Jidl 

9o ne.'a Control 30 nCiiS 30 nOla 90 nCilg 

12 6 13 6 11 

12.7 :1:25 12 7 :1:1 4 n.1 :1:1 , I)) ±2.3 12.4 1; I 6 

1.2 :1:1.2 OJ :1:0.3 1.0 ±0.8 1.0 1: 1 3 07 :t09 

1 o :1:0 4fd,e1 J 3 :1:0.2Cdl 31 1:0 1!dl 3 t :t:0.1cd1 J.1 :1:0 4Cdl 

Plat.,.,tal 
W t gCbl 

u.44 :1: o oJ'd' o 41> :1:0 n <dl o 18 ±O.OJlet o.45 :1:0 041d1 o 44:1:0 o4tdJ o.39 :1: o.04td1 0.43 1:o.os'd1 o.39 ±O o4tdt 0.40 ±o.o;<dt 

No Sk~lt'lon> 
f\(1m1nt>d 

Anomalou> 
Robs<CI 

'"'Mean±~D 

74 

111 

lbiMean 01 hltt'r meon> :1: SO 

lb7 1110 158 

J)/9 5018 111 

<Osent or wavy: e•prt:>~ .IS numher setus~>lnumber htters ane<:ted. 
td .ell,ralut'> w1th rommon lener do not d1rier sogn•f•cantly cP > O.OSJ 

In agreement with our previous findings, 
exposure to either plutonium or americium 
was not overtly teratogenic. Under the 
condit ions of the present experiments 1 

however, it appears that there is a dose
dependent increase in the incidence of 
anomal ous (bent or wavy) ribs in the ani
mals exposed to plutonium and a tendency 
toward an increase in those exposed to the 
high dose of americium (Table 2). This may 
be attributable to more- intensive skeletal 
evaluation, to larger group sizes, or to 
the sl i ghtly earlier stage of gestation at 
exposure in the present studies. 

As described in last year ' s Annual Report, 
30 nCi/ g of monomeri c 2 39pu (maternal 
pl asma concentration of ~100 ng/g) i s as
sociated with a decrease in maternal blood 
flow t o the perfused guinea-pig placenta. 
Further experiments have confirmed that 
the effect is reproducible and independent 
of the dosing vehicle (Figure 2), and on
going experiments suggest that the appar
ent thresho 1 d is in the maternal dose 
range of approximately 5 nCi/g (82 ~g/kg) 
body weight (Table 3) . Because of this 
usual effect at l o~o~ chemical concentra
tions and the indicated differences be
tween plutonium and americium transfer , we 
empl oyed the same perfus ion technique to 
directly measure the cl earance of 241Am 
from mother to fetus (AmMF). Maternal 
blood fl ow to the placenta was again mea
sured indirectly using the clearance of 
tritiated water. Results indicated that, 
unlike plutonium, 241Am did not affect 
maternal blood flow at doses of 30 nCi/g 
(9 ~g/kg). The Am measured 3.4 ± 0. 7 
~1/min (mean± SE), ~hich was not signifi-

114 71 143 (>9 117 
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7i4 0 212 0 0 

cant ly different from our previous mea
surements of plutonium (2 . 3 ± 0. 6 ~1/min) 
when uncorrected for blood flow. Am,..F 
from six experiments are shown in Table ~ . 
When corrections were made for the dis
rupted maternal blood flow observed fol 
lowing plutoni um administration, PuMF was 
fi v~ times greater than ~F, on 11: ~Ci 
baSlS. 

Based on continu ing questions about the 
movement , coalescence, and localization of 
partic les deposi ted i n the lung, together 
with a suggestion that areas of bronchio
l ization were the most susceptibl e to tu
morigenes is, we are developing a model to 
allow more detailed study . The late
gestation fetal rat is being used because 
of its high rate of bronchiol ization and 
because the lungs are sufficiently small 
to be easily ex ami ned and photographed , 
both in whole mounts and in histologic 
sections. Initial studies involved i ntra
tracheal deposition of suspensions, using 
a glass needle i nserted through the uterus 
and fetal membranes. Reports i n the l i t
erature indicated that prenatal rats would 
i nhale and ingest particulates present i n 
the amniotic fluid. Accordingly, we have 
expl ored the less-demanding procedure of 
intra- amni otic instillati on and have found 
that extensive deep lung deposition of 
co 11 oi da 1 carbon suspensions can be ob
tained by admini strati on as early as 17 
dg, al though reproducible exposures are 
not obtainable until 19 dg (Figure 3) . 
Usi ng this exposure method, we are evalu
ating the deposition of submicron- size 
parti cles of ~etal oxides. 
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Exposure in a Typical Experiment. 

TABLE 3. Clearance of 241 Am from Dam to Fetus (AmMfl 
and its Relationship to Changes 10 Maternal Blood Flow to the 
Piacente!, Expre;sed a~ the Clearance of Tritiated Water from 
Dam to Fetus (T MFJ. 

o.1m AmMF (J .. dlmml 
Intercept, 

Alai 
Slopt>. 

sial 
No. Mf.'Jn ± SE (xJ0-4) (X 10- 4) p 

13.4 ± :!.3 NSICI 

! 12 3±2 0 NS(c) 

32.4 ± -t .5 -1 ~ 48 <0.001 

4 5.7 ± 3 8 -22 393 <0.07 

34.4 ± 4.4 -35 78 <0.03 

b 31.2±25 5 n <0.1 

(J)y A + BX where Y - PuMF ,1nd X =o T Mf· 
!blcorrelatoon coeii icient tor the regress1on 
lclNot signotkant 
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rlbl 

NS 

N':. 

0.98 

0.47 

0.18 

0.32 
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• Hanford life Sciences Symposium 

Co-Chairpersons; R. C. Thompson and j. A. 'viahaffey 

Th(• llnd Ar,nua! Hanford Ufe Sciences Symposium. on tne topic "Life-Spar'! Radiation Effen~ Stu die~ 
in AnimAls: Wha! Can They Tell Us?," was held in Richland, Washington, September 27-29, 1963. 1t was 
attEnded by approximately 150 reg:straOJ~s from 7 countrie5, representing more t'<an 3Q laboratories 
and funding agencie~. F1f':y paper> and mote th.;;,n 5 hr of discusston wert:' packec irto a very lui! 3 

days. 

A p<nel of three emiTJent statis:.icians 
critiqued papers as they were presented 
and led sJmllla.ry discussio11s. This was an 
<tttlaime:;J featurtt of the Symposium, dnd 
the;.e discussions will be inc1uaed in tl'le 
published Proceedings. The statisticians 
on this panel were· Or" Marvir, Schneider· 
man of Clement Assoclates, Arlington, Vir
ginia~-for many years at the U.S. National 
Cancer Institute; Or_ Kenny Cru:rp of Sci
em:e ResParch Systel!"s, Rusti'!, Loulsiana; 
and Or. Leon Rosenblatt of Geneticon, 
Inc., Walnut Creek, California. 

The first session of the Syrnposi.J'II ir
t1Jded eight ovPrview papers ~umrnarizing 

work 1n progresr. in F!ajor laboratories 
conducting lifespan roc!iat·;on effects 
st~.;d}es. Additional papers includeo ten 
fro111 Pacific Northwe~t latloratory, seven 
from the Un~versity of Utah, six froll'! 
Lovelace :rhal.aticn Tcxi:o:ogy Research 
Irstltut>', three from the Untversi'!:y :~f 
Californi.a at Davis, thl"'e.: ~elating to 
French stlld'es, two eoc'l frnm Colcrado 
State Univer-sity, Geof'ge Washington 0'11-
versity, and from tiJe laboraturil?F in Mo;, 
Belgium; ard sinyle papers from Japan, 
Australia, We~t Germany, Eng1and, Argonne 
Nat i oral La:Joratory, Lawrence- L) ver-1!'ore 
Laboratory, CaX Ridge A~sociated Universi
ties, tne Ur:iver'Sity cf cn·:cago, and the 
U.S. Air force School o~' A'.'lation Medi
cine. 

Tf\e Symposium alsn :.€"at'd opening re;r.;~rKs 
f.-on Dr. Alvin T .. ivelpiece, :Jirector of 
the Office of Energy Res~arch, U.S. De~ 
part111ent of En11>rgy (DO€); and a d<>!:.crip
tion, by Or. G. a. Gerbo;.r, of radiaticn 
pr-otection stuaies sponsor>ed by the Com
mission of the L! .. ropean Commun>ties, with 
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special elf4)has~s on the potecnt1al for co~ 
operative studin involving U.S. programs 
a~d European scientists. Special recogni
titm W<l$ given at the Banquet to Harry A. 
Kornberg, who initi?ted tl!e tianford life 
Sciences Symposia in 1952; and to tlerber-: 
"1. Parker, who, cs Director cf the Hanford 
labo..-atories, gave c.or.:_inuing support to 
the deve ]Opt!lent c r the Sympc$ i a. 

If there em; 1 C be said to tie a reo.:rrent 
theme it might have l:leen the inportance of 
not nt!'gle.;:t1ng the factor of time- in the 
evalLation of dose-response relationships. 
ihe day has ;Jassed whe11 raw indder:ce data 
can be reported, even as prelil'linar-y data, 
without raising cr'tical q~estions of 
w!)en, L1 reli'ition to exposure, the effect 
occurred. 

Mar.y :aut ions were expressed concerning 
the myria.:! of unlore,;een and possibly unM 
aprreciateo biases that may int:uence an 
experimental tesu't. 'he leHcn to be 
learned is not that al1 such biases can be 
avoided--the important thi~g is trat tre5e 
biases be recognized, and acknowledged, 
and allow<nce made for them in ~f>e 'nter
pret<'llion cf resl.llts. ThP problem of :m
apprectated bias is particularly prevalent 
when, as often happens in these studies, 
cata are interpreted by persors or s:;roups 
not involved in the collection of the 
aattL Evet<y effort should be ll"ade tn in
•;olve t.he data collectcr in such interpre
tation~. 

The cO'llp 1 ete Proceed] ngs of the Syrnpos i Ufll, 
edited by qoy C. Tholl'ij)so~ ane Judith A. 
Maha"fey, will be publh>hed by DOE a5 a 
volume in V1e:ir ;..l(l:E 5ylf4)osium Series, am:! 
st!ould be avai1ab1e before the end ot 
1984. 
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• Mutagenicity of Synfuel Materials 

Principal Investigator: R. A. Pelroy 

Other Investigator: D. L Stewart 

Salmonella typhimurium TA-98 was used to determine the effect of complex coal liquids on the 
mutagenicity of 6-aminochrysene and benzo{a]pyrene. The potency of the amino-PAH was markedly 
increased in the presence of the SRC- 11 800-850°F and 800+°F distillate cuts. On the other hand, the 
potency of benzo[a]pyrene decreased sharply under the same conditions. Evidently, the chemically 
complex liquids are capable of exerting opposite effects on mutagenicity in these two types of 
compounds. 

The high-bo iling coal liquids are mutagen
ically and carcinogenically active in in 
vitro cellular and small-animal (rodent) 
skin-painting assays. Most of the activity 
associated with these materials appears to 
reside in the neutral polycyclic hydrocar
bon (PAH) and amino-PAH constituents of 
the nitrogen polycyli cs . The skin-painting 
( carcinogenesis and tumorigenesis) assay 
systems respond more strongly to the form
er, while the microbial in vitro assays 
are more responsive to the amino PAH. 

Chemical evidence, in conjunction with the 
results from mutagenesis with Salmonella 
typhimurium suggested that the composltion 
of the coal liquids suppressed activi ty of 
mutagens/carcinogens such as benzo[a)py
rene (BaP). A direct test of this hypoth
esis for ~ typhimurium TA-98 is shown by 
the data presented in Figure 1. In this 
experiment, the mutagenicity of BaP was 
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measured both in the presence, and ab
sence, of a fixed amount of an SRC-II dis
tillate cut. Mutagenicity was expressed 
as the slope of the dose-response curves 
for benzo[a]pyrene (Figure 1, right pan
e 1). As can be seen, the mutagenic po
tency of BaP decreased in the presence of 
the coal liquids; the highest degree of 
inhibition was induced by the 800-850°F 
distil l ate cut (Figure 1, left panel). 

The same type of experiment was also car
ried out with 6-ami nochrysene (6-AC) in 
place of BaP. In this case the results 
(Figure 2) were opposite those found for 
BaP. Both the distillate cuts enhanced 
the potency of the ami no PAH. This is 
shown in the dose-response data for 6-AC 
in the presence of the 850°+F distillate 
cut (Figure 2, right panel), where the po
tency of the amino PAH increased several
fold in the presence of the 850°+F distil-
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FIGURE 1. Effect of Coal Lrquids on the Activity ot Benzo[a]pyrene. 
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FIGURE 1. Eiiect o f Coal Liquids on the Act1vity oi 6-Aminochrysene. 

late (shown by increases in the slope of 
the dose-response curve). The potency of 
6-AC was 1 ess enhanced by the 800-850°F 
distillate (Figure 2, left panel); how
ever, the synergistic effects were still 
highly significant in comparison with 
those of the controls . 

A similar experiment was performed to de
termine if the skin-tumor-initiating ac
tivities of BaP and 6-AC would be affected 
by the matri x in which they were applied 
to the skin . To test this question, BaP 
(50 ~g/mouse ) was applied to mouse ski n in 
either 50 111 of acetone or 50 111 of a 
wide-boiling-range coal liquid (boiling 
point, 300 to >850°F); coal liquid alone 
was also admini stered. After 2 wk, the 
treated area was promoted twice weekly 
with 5 IJg of phorbol myri state acetate . 
The tumor yield per group of 30 mice was 
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used as a ~easure of the initiating activ
ity of the test material. Si~ilarly, 6-AC 
was tested by applying a 25-IJg dose either 
in acetone or in the nitrogen-containing 
polycyc lic aromatic compound (NPAC) frac
tion prepared from the >850°F distillate. 
The results (Figure 3) indicate that the 
initiating activities of both BaP and 6-AC 
were suppressed by the presence of the 
coal-derived liquid. Resul t s for 6-AC are 
in contras t t o those obtai ned in t he mic
robia 1 mutagenesis assay ; t hose for BaP 
were similar for both assays . 

In summary, the SRC-II distillate cuts 
appeared to exert opposite effects on the 
mutageni ci ty of 6-AC and BaP, enhancing 
the potency of the former and i nhibiti ng 
the potency of the 1 atter in the S. 
typhimurium microsome mutagenicity ( Ames) 
assay system. 
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• Cut~Related Studjes of Radionudide Toxicity 

Prindpi!l lnvestigJtor; M. F. Sullivan 

Or her Investigators: R. L Bml:'hbom, R. A .. \~iller. P. S. Ruemmler, and j. L. Ryan 

This projt>ct is concerned with th-e behav1or of radioactive materials that may be ingested as a tome
quenc~ of a reactor accidenl, unavoidabie occupa~ional expos:Jre. or after release lQ the cnvirO'l'llent 
and incorporation into the food chain. Current t>mphasis is on evaluating hazards frorn ingested ac
tinides as a funct:on of ar;i~al age, species .. r l· trltion. and die:, or chemicophys;cal state of the a::linide. 
We are also concerned with the behavior of actinides that Jtf' inhaled and pass through the g.astroin
testinal (Gl} uact after clearance from the lungs. 

Recent experi~nts h01Ve shown that the 
dose deper::!€ncy of tne transfer factor, 
f 1 , for absorption of neptuni.J~, which we 
reponed earlier. is due tD the redudng 
effect of t!;e ir:estinal content on Np(\1). 
The t;v(V) is presunably charged to ~p(IV), 
il:1 cxidation sta:e that is less well ab
sorbed fro11 the gastroi'ltt>s.tina: (GI) 
tract t"tan 1\o(V). By restr:cting food 
Cl'nsumption or by supplel!l(!'lting <loses cf 
Np(\'} adminis~ered tc eitl1er adult or neo
natal roderts with oxidizing or reaucing 
chefl;icals we were ab!e to stimulate or 
pN!vent the inflm•nce of the GI cotJtent on 
thf' Np(V) adrrirdstered. We have a',so 
shewn !:.!'at these supplemental c~ewicals 
influence toe GI at:scrptlor :1f znu in the 
same way. Resw:t!> of other experilllents 
have ~lwwr t1at 238 »v absoq:ticn ~s i~~ 
creasec. i'l ardt:~als that are anemic beG:~uo.e 
of an iron-deficier: diet or age. 

We have tlewonstrated that tho markeC ;Jlu
tnnium ab!>orption in net11atal or weaf11ing 
rats gavagect witt> 2-~ 8 ;>;; is a resu:t of the 
matur'ty of tte irotesline and ~·s not <112'
pendent on the hgesticn of lllilk ilt the 
time of gavage. 

An inhaht;or study w~th rats that re
ceived 't;J 7Np nttrate aertsoh si'awed tnat 
c~ear.cnce f'"O'Il the ~urg was quHe rapid 
(T!.. : 28 days) <:nd ti'at retent ~or in the 
Si<l1:etml was protracted, No tone tJmcrs 
were foJnd during the 2 yr these aCJimals 
~Jere observ~d for th~ occ~rrence of late 
effects. The 01ly neoplasm, otl'er than 
m.!IIMiiHJf or pituitary tumor$, was 11 sinyle 
1 ung carcinoma in a ra~ expcse:l to D 15 
t-~Ci of 2 :! 7 Np. 

_Influent:~ of Fasting and/o"' Oxict~.ti'l9 or 
Rea~.<cing Agents on ti'e 9! Absorption of 
Z37Np -

R~csults reported ear11er (Annlldl R;;;port, 
1982) dem<~nstrated that n~ptu~ium absorp
tion ... as dose-deplltodent. S1nce .1eptuniurn 
can exist as Np(lV), Np(V) o~ Np{VI) and 
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ras been shcwr. oy otners 111 tlis labo~a
tory to be absorbed from the Gl tract at 
various ..-ates, de-pending on the o:dc.atio1 
s'.:ate of tl'e ne;Jtunium- aaministered, it 
seel'!ed plausible that S*.Kh a change ir. :he 
GI tract '!light be responsible for Ue un
expected dose-dependency fo~ absorptio~. 

To dete,.,mi 11e if the GI contents wero re~ 
sponsib"':e, groups of rats Il'1d mice wer<! 
fastec. 24 hr before ard 4 hr after ga ... age 
with either 251Np or 23 &Np 'litrate. Otht>" 
groups of rats and m'ce that were eitiJer 
fed !9 libitum or fasted were give'l doses 
of :J'Ie oxid1Z1ng agert ferric nitrate as a 
supp1errent to n 1 Np. This agent is known 
to 'llaintain neptun'\.111 in its pentavalent 
state o.Jt does not :<,.:idiu: lip(V) to 
\p(Vl). The re11.lt!. obtaine<i w:.en the 
animals were k"~ed a week. later aN< shewn 
lr Table Jt is ac;::;a~ent h·orr. t'le ab~ 
sorptioa anu re:entio~ data :hat fAsting 
r-esJ!ted in a 5-+old increase in rab anc 
an 13-fo.ld inc~ease in mice. Ferric iron 
caused an even Greater 'ncr·ease (&O··fold 
in rat$ arc 15:J··told 1.1 rni::e) in abso~p
tion. 'o demo%trate further that tre 
eff~ct of the intestinal ccrtent was to 
alter the valeflct! of tl~ptur;ium, a redu::bg 
age1t, ferro~s iro'l (feS04), wa~ g111en as 
« supplement to Np(VJ. The resuns are 
aho shown in Table 1. Administration of 
f4!rrous ir·on resulted 1r> less 1eptuciJm 
ab$¢rptitm by fasted rats and mice than by 
fed controls; presumably, due to the re
duction of 237 Np{V) to 207Np(IV). 

-:-:.e irrfluence of tne Hltestina1 content of 
adult <>nimah in l'Jl!dudng the chemical 
form of an isotope is we'~ kro~o~n, but les-s 
is knO'.Ir anout the 'nfluence of the GI 
co:•ten: ot ~~.~ckli,1>JS. Therefore, S\Jck-
1i;~gs -,.ere given 237 Np supple!'lented with 
various concentrations of either ferric or 
fer~ous ircn. The results (Table 2) indi
cate that absorption was stimulated by 
ferric lro'l and depresseo by ferrous ->ron, 
simila~1y to the case fo~ adult rats; ~w
><ver, the c:egNe 6f change was less. 
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The EHec: ot fasting and/or' Oxidi1ing and 
Rea~Cing Agents on t~e SI !\;bsc~of 
2:n0 

<\1tllough c:he abscrption ;;f urani..ri'l' by -lld:i 
in industdal contaminati::m an:ide1ts is 
reported to be as high "s 10%, 1;;1..r study 
on t~e effect of ffiilSS on GI absorplion by 
rat~ (Annual Report, 19$2) did nat SJggGst 
d re11son fo" the contrast1ngly iow abscrp
tic~, 0,\H%, by anirr.ah {A1:ou<~.i Repetrt, 
1974). S1r,ce <)ranium ocnrs in several 
oxidtrtion states, :~ke neptLriull ard p'c
to'lit:ro, ~o~e ;;avagect rats wlth 233 U C'l) 
nit .. atf!, pH 2, supplementeC. by either fer· 
ric ",-.on, ~o~h"ch ~houlc ma~·ntain tt.e <Jtan

iu!'P ln th"' vt state, or iron powde" which 
shouht maintain urani<..m in the IV state, 
The data obta'ned are ~hown irt Taole 3. 
lhey sb)W that fasting resulted in a 
tl'reefold hcrease ii'l GI abscrotion, iron 
powder did not decrease the efi'e;;:!. of 
fasting. bJt ferr'ic iron ca~Jseo a zo~fJ'!d 
increase in absorotior: in comparison to 
fasted contto-,s ard a 50- fold increase it) 
abs:Jrptivn in compartsOfl to ~"ats fed ad 
; \bitum, Thei>e results sJggest that the 
higher report!!d absorptiol' of t.ra'lium is 
.a%ociated "'ith the uranyl (VI) valence 
state, ana tf;e lower absorption commonly 
seen in rats is associated with the I\' 
valence state. 
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Effect of Jrcn DE>fic:ency on Phr~:;.ni .. u>: GI 
Absorption by quts 

Ragar repo.-ted (Annua~ Report, 1973) t'lat 
nice fed an iron-defkie~lt diet absorbed 
more 2.:>1lpu from t!le Gl tract and retained 
more Darenterally ~njened 23 ePu (Annual 
RepO"t, 1914) than m~ce fed a calar::ed 
diet. However, rats fed an iron-def1tient 
diet :1id :wt absorb 11cre 2:nPu nor retait'l 
1001·e when it wa; injected parenterally 
than their control group {fl.i'l">.,ia' Reports, 
1975, 1976). This sugges~ed a differer1ce 
in species r-esponse to ~r'O'l deficiercy cr 
<>n effect cf an \nknown source of dietary 
irorL 

To comp;:we the pffect of ar> iro~-deficie~t 
diet wlth that cf an iroo-replet~ diet on 
23Bpy abscr;;~tion, twc groups o" Nts {Ti.l~ 

ble 4) were fed an iron-d!Jf\cient diet for 
24 days. One-third of their blood was 
witll;!rawtl tc further depress t1eir iror 
stor"es. Some of the rats were returned to 
the ba1ancerr diet ard gavaged with 2 ~8 Pu 2 
days hte<>. Ctno;l's remained on a:l iron
deficient d'et untii they ~o~er"e killed at a 
~o~eek. aftel' 23Spu gavaqe . 

The data in Table 4 douoonstrate that Z-l!.l:!pu 

absorptio:-~ was i:1creased threefold >n rats 
matntaired on tl'e iron-deficient diet un-



TAftU J. lrlllurnt<" •)f f.:~~t·rp :;.rJ 0;.: -:h:.'"lg or Rf'ihll hll Ag'i'r:t~ J>P !J?u A:;;sorpli<>P by Ri!b Cav.J.i\('d w~h ;nlltlVI N.:rate. 
pH 1_:; 

T >>U<' in! Contro \ ;f.; :J! 
·~~-·~- -·~~----

CJrca<;; Of!! 
ln ,., ;' UO<A 

K,d~<'i 0 n0U.~ 

l·'"'"' :I () 5 

Tota Abosrlwoi (_:)):' "1]_02 

h>tCd Ce~'Hul' 

0 f)b 

() <Y.l I 

0 OJ 

(J.ll9 

(1_1 ~ 

(6i ~:.:>fi+Fo:~~-

1-t 

;; 24 

TABLE 4, l~ll,w·1o ,,- t\IW'1'd K6wft•r? how Jn i<vD·Drfh.·l'rt \hct. ~~d vi l>k;od s~wpl.11g, on C. Al~rplm'l ti Fh;bn;um 
(p, V'ieJr' rg RJb (,,n4pt:-d "'t!. 4(: J.<Ci•kg ht;>,_ 1\:it•J'f' 

'-" "' () ! 

\ '~"'-' 

1 U'di ,\IJiO<I•<Y' 

b;) 

0_{, 

Iii 

:ron-Of'nncr>t 
?~rw;-1\•·pfe~ ;c:{J.h! 

" 
c_a 
0 ()(, 

,, ' 
l ± '-~ 

· '' I 'w r'.·"'"' ' v '-~~' ""' J)O:•·:J '' ;I·:;,," '" n.J.,.·'~ll•"''' .'\II \\!Ji0 t.:'k;1 < ' '-L•V> -<II! r ~P'•'f\F 
•h' fh,-,, ;,>t• "' r.; i.-,· ,,,., ,ro;·-m-'<1\ nt ,;,M 1 1 1<'~ •dvrwn t:; ,, n;-•n),l'. •ml>wpler: dw: ior .' <:Lh'' IJ<:rfY\' ;;,,,~_;:v 

ti \ they >~ere killed. :t was not ir" 
creased in rats tliat were first give!l a'< 
iro'!~ceficlent diet, t1e:; ret"cned to an 
lcon-~eplete dii"t 2 days befcrv ~:ll!pu ;;a
vsge. 1~is i'ldicates tnat in the ar.emic 
rats the inc,eased absorption of :<Upu ... as 
not de::::~mdent :.m the de:nal'd for i t't:r<. 
T!stead, it wa5 toe result of the avail
ability of the iron carrier syste'!l ir the 
intestine tllat pn,ofere'ltially bour.d t"e 
avallable lro1 due to the demand by the 
erythroid processes. 

Jo det&rm':re 'f irgestior ot m:::natal 
~<~ 8 Pu~conta:mi1ated excreta by m<r'iihg da:m5 
contributed, via nursing, to the Mount of 
nilpu "0t<tin&d by tuck I i r.g rals ;;avaged 
with uaPt. nitra:e, par-t of q litter was 
separaled from their dam a~d maintained at 
3!:/'C, while thE! retr.ainder of the litte:
was SJckled and killed a day later. -.-he 
results, shown in Table 5, Groups l and 2, 
indicate that t~e weaned ne~nate5 retained 
U.r-ee t itn?s as mucll 2"-8 Pu as those that 
remained with the dan. Although ar<1lysis 
indicateC that much of -:.he 1eor-ata1 ex-
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cro:ta was ingesteC by the dam. hostin!< or 
stressing the .,eanli1gs resulted in l'igt1er 
2~SPu retention than occurred in 'iUCklir.gs 
nurs<)d until deaU._ 

To detemlir.e ... nether the t>ap"id decrease in 
plutonium absorption thal occ1.rs wOen rats 
are weant>d ls. a H!s~;lt of maturaticr. due 
to dietary change o" to age, litters o~ 
rat;; w<H'e divided into g"oupt thet were 
ap;n•ox~mately equal i1 sex cistribution, 
a'ld some arimais of each litter ... ere 
we<~ned at 21 d-ays of a;;:e and gav<~.ged wi ~~ 
Bllpu nit>'ate. Others were ret gava;;ea 
unt i 1 a wE>ek atter they ... ere wea'led and 
were then fed rat chow. A th1 rd group was 
no':: weaned unt i 1 28 cays, whH they wer-e 
gavaged witll H~pu n~trate. 1he results, 
shown in Table 5, Grcv:n> 3~5, indicate 
that abso»ption was tdghest i'r the rats 
;;a11aged at 21 days, It ... a& lo..est in the 
groJp suckled llroti; they were 28 days o;d 
and then gavaged. Weaning anC. feed~q; 
:hem rat chew did not en.'lilflCC matJration 
of the mucosal ~pithe 1 ium. 

fc com;~are the intluenci.> of agE! or. p1 utcn
ium absol'pticr, a group ot young adult 
rats and a groJp of agee rats were ;;avaged 



TABLE 5. lnlluttlte oi A~'<' and J,E't ::;; i'i.J!CniWl' i\lhDrp!J(W iJY ':twkling, W~Jnl;r" OJ Adult 1\,\1', CiN~gcd w16 ."Rp J X•'tdte, 

pH 2 

"'"'l"h\0 C·oup ":) : 

Age J' \\'•'anmtt d;ry:. [, ' 
,, 
" 

i\r:;e d (d<h<'· da',t ' j " Ag;; y ~<'dtlf.n•>'- day;, {, (; d\ 

:"lo. "' >\r/,.,d,, 6 " 
P0:c;,;t 

(d":,,,; " I_].\ 

L'""' J " ' 
Lin w 

'To1,•l Rt>D ·wd '>!' :;,., 
' ;;IT "l•.bl•fhed 

with 2npu nitrale after an aliquot cf 
b1ooC was wiUdrawn fer n;~asureme'!t of' tfw 
voh1:ne :1f packec red blood cells. Tt>e 
'lematocri t of the aged rals was depressed 
t:J a •Hllle bel:Jw t:'!at ot the you1q rah 
(39 vers1;s 4&%), bUt there was ro cti ffer
e1ce in the rete1tion of n»pu in hvcr 0" 
femur. However, the ::,tnotity rteasurad in 
the carcasses of aQE!d aodts was 34 ~imas 
higher tl'an in t1e youogl!!r anl11al:s. This 
sw:;g;~:,ts tf.i!t "f '::n~ ircreased absorptiM 
-was related to th~ s1igh:ly <~r~rrnk condi
tion, the femur, wnich wao; used to ca'cu
late th;: skeletal :i.J!lp~,. col!ter:, was not 
tl<e site for 2.1'1pu depcsiVon in ;t;;;ed 
rats. Furt:u~r stuCy may detern:ne whether 
thes" results are representative of plw 
tcni<m absorption ;;y an age:i popt.lalion o~ 
a'limals an:;!, perhaos, by !tal. 

Behavior arc To~ic 1 ty of IrJ'a1ect .~n'Np 

Ar expenm~l'l d~Si!;N!d to st:Jdy the lung
c~earam:e ctyn<~mics ar.a lm<.icity e-f b'Jaled 
2J 7 N;; was rece1tly co'lcl•JdetL One hcndred 
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Nts w~;re expused in ;;:roups of 25 ~c n 1 Np 
1itra~e ae~-'csols, Their deposited dose-s 
w-ere :), O.J.., C.15 and 0. 3 !JCi, resoec
tive1y. The i1itial h.ng b:.m:ien5 ...-ere 
0,03, 0.0~ aM 0.09 .,ci. These doses w~~·e 
the same as in eurHer Russia'l inl'-alation 
s-tudies that wen.• reported to ha'le caused 
"<..:mercus sk:,>letal neoplas.'lis. Our· c1ear
am::a data (Figul'l! 1) agreed wilh "Cheir 
clearanci' resu1~s, fc!towir:;; a two
!..Oir>}Mrtmerl mocel. The haH~times esti
mated by tli)s :11odel ;.~ere 28 days fer tl'ie 
early period ,wd 8664 days fer the deep 
lur-g c1earanc<?. The early clearance re· 
::.ulted 'r. only 3% rell'ai'lir<; i11 tie -:una a:. 
90 days. Alt'Joug~ the :..a;f~ti;ne for e;-'JT
inating Z3 7lip fto'll the s1...e;eto~1 ctict ro~ 
occur before th!! \a3t a1ima1s ~o~ere v: ieo 
ut 730 days aft€~ expcsLre, no bo~e tuners 
were vbservect. Th's difference frorr tre 
r:;wtlished Ruo.sian data may have :!een due 
to the differe1ce 'n rat str"ains or to the 
sma"l nu:noe~ of our aniwals retained fo:' 
ob::,eNation tr" late effects. 

··-·-----------
, 

,. 12 w 
0 
z 
J 
m 30 
~ 

v ~ 21 3 e o o2r.t ~ 0 7a e--c ooooa: 
z 

" " 20 < 
~ 

~ 
• 0 \0 
• z w 
u 
" w c a 

0 100 200 300 400 

DAYS AfTER 2l1Np INHALATION 

fiGURE 1, 



• Modifying Radionudide Effects 

Principal Investigator: L B. Sasser 

Other !n,..esligators: D. D. _"v1ahlum 

Technical A!.sistan-:e; R. L Rommereim 

This project invo>•e~ a study of the reiatiomhips of physiological, envtronmental, and nutritional fac
tors tha: may affect the metabo:i;rn .:md toxicity of radionudidcs, with the aim of identifying segments 
of the popul,don that may be particularly s£>nsilive to radionudides. We have s!udied place'ltal trans~ 
port and ~uddlr·g as pathways for americium entry into the newborn or juvenile rat. The relative 
amount of WAm reaching the offspring was dependent on the tirre of dosing in relation to the preg
nancy; larger afT!ounts wete transferred via nursing than across. the placer Ia. 

D«ti'! repo,.ted ;weviously (A'lnlldl Reports, 
1973, 1980) oe!l;oristrated that the relative 
amounts of plutonium reaching the off
>,pring vla :he p;acer:.a and by nursing 
were ft.rctions of the teMporal "elation
ship betwe>"n pltJtorit.>fil adm~nistratio'l and 
pt'egnancy. ft "s well dooJmerU!d that th;;. 
behavior o~ plu:o'liutr diffe'"'s :.onewhat 
from that of a~ericivn in thP aju1t. and 
recent data sugges: that ;:reater aMounts 
of p!Ltonlum dre transferred to the fetus 
rcmpared to ametidum. Becau~H! of these 
differences, ~t see!De"d appropriate to in~ 
vestigate tl';e fate of arrericiufr! as af
fected by prPg'HI'lCY and 'actaUon. Tf:ere
f::.re, the objective of t~ese stur.ies was 
to det£-rmine ':he effect of pregnancy t~'ld 
'artat~cr en tete transtec of ame"''ciLm to 
the offspri "9 of the "'i.>L iht> experirtE:>'lt 
was de.s'gned so that fe:rale r-ats WP.re 
dosed whilf 'hl11l;::;ao~s (30 days prior to 
matlnf!), pregnant (19 days of gestation: 
dg), or lactating (1 day after patt>..~ri~ 
tion), :-he .subsecuent trdnsfer of amerlc
iu:n to ·we offsprbg was then meastred as 
a furctio'l of offstring age. T~e protocol 
de~u·ibing this e):;::erimen:_ <'!'ld preliminary 
data Wl"r<:! de't;;~ilea i,l last yedt''s AnnLal 
Rerort (1983); we no'H repct': the comcle
tHPl of the e:<_J;I"riment. 

Appro,:i'matl'!ly 50% of the injected dose was 
i~itially ~etained ln the livt>rs cf a11 
rat5, however, t'ie !ficlogica1 half-tirre of 
241 An in the liver of rah dos.ed when rLl-
11panns was only 10.6 days, Co'!lpartd "'ith 
25.6 and 27 .l days for the preftrant l].tld 
1actating ~;r(lups, resrlectively. Tne Ini
tial concennatior was approXil'lately S% of 
the 1 njected dose per graon of 1 i v<2r, 
whereas the concentra:io'ls ir. all other 
tissues were I% (cr lr>s~) of the dose per 
9"31!1 of tissc~e. however, 'retention by 
kicney, fewc~r, ut&l'US, and 11usrle wfls pro
longed compared to th'lt of ':he 1iver. 
!\rrericlum concentration i~ $ple<"l and fe-

;n_;r actually ircrf'ased s1;ghtly with time 
after ocsing. 

The concel'tratiort of 2 41 Am in m.a11mary tis
sue, !!>ilk, a<!d placerta (trwse tissues 
di"ettly telated to exposure of progeny) 
as well as the a'tlount :rarb fer"Ed to prog
ery are ;;wwn \f. Llble L The initial 
concentration in mawmary tissue ef rats. 
injected while p!·egnant O"' 1act;;ting was 
approxima:_.:ly thN!e ti!l'es !treater thiln 
t"tat ot the groJp injected whilt'! nullip
arous. The "elease of 24 1Am frcm l't:il!l'l1'1ary 
tissw a::ceareo to bE> accer.tuat<:>d during 
lactation; t'le halt-tim@ of H1Am in tho: 
naJ;tmary t:ssue of the "pregnant," ''lacr.a:
ing," am! "rullipa"'ous" qroJps wa$ 7, 9, 
a~d 17 uays, respectively. 

The am:;un of 241 Am tr:msferrec' to the 
11ilk was directl.:l correlated to the tP.mp
O>'al relationship beto.-een exposure and 
~actatioti, !:'veri thcugh the concer.traticn 
of 2-UAT ln :.te mammary t'issoe of the rat:. 
c:~:.ed when pregna'lt or when lactating was 
essentia<ly equivalent, the transfer of 
2" 1Atr lc Ue milk was greatest in animals 
dosed durirg hctatiOI- Thus, it appea'"S 
t1at the ~~ericiu~ concent~'ation of milk 
~as more closely corre'ated wi~h th~ tirc
J1'lbnG blood levels of 2UAm rather than 
wil."l conce'ltratitlns in T~rr.rrary tissue. 
When e:.r:o~ure occut·red r:repartwtl, the re
ta:ned 141 AIIl t<;;nded to bl'can>e bour.:;: in 
vadcus tiss~.hn allC >o'dS less available 
duri119 milk synttno-sis. SJrprising~y, howw 
ever, the concentrat~cr of HlAll in milk 
of -:.he nt..111parous gro~.Jp was sutswntial 
as late as 7 to 10 wK a~ter dDsing. 

ThE rela:he a'!lownt cf americ'um reacl-tbg 
t.t'e offspring was depende,1t on tl'e time of 
dosing in relation to pregnancy. Approxi~ 
mately 0.01% of administer•ed activity .oas 
traBsferred tc eact> /lUP "in u:ero 1 day 
after i '12ectior., whereas 241Am coJld 110t 



TABU L The Con:erilfJIIQfl ;Mean T 5EJ oi Amendv-r :n Mamrrary T·~w;: Miik .. "lax:en!a, and f'wger•y afte- the l'lt<aH"lOu> 
Admm·r~tratmn of ~4 1A:r Clrate -:o Rat> when Prq;nar11 (:9 ::t.~y~ of Ge,t;;tionl, LJctating 11 D,>v Pos;p.>rt:;m). or NqfJ.pJ~ous 
i''d\) Q;,ys f:l<ctorf Conc<";J(IC1; 
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be ::::et<t!cted ir f<t!tu~es w:nose ctams were 
frtjecLed befo>'e conception. Whi"l e;.o;posun: 
occurred during lactation, approximately 
10 times mo"e HlAm was transferred to 
each offspring from l'liik. than was trans
ferred from tt.IJ place~ta ... nen exoosure 
occu··-red late in gestat~~;n. FurthetMore. 
nore 2-l 1Am was "eceived by the progeny vio 
mi lit. H exposure of the uam occt.rred du-,-.
i.'HJ lactation ,..ather than during preg
nancy. 

i\lthough it could POt be detect-ed iP fe
tuses of dar~~-s exposed prior to pre;;nancy, 

~ l:t>± 1.1'-J 
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the 24 1-Aill corUnt of the pup inc"'eas~.>o 
steacily th~ough 18 days of nurs:ng. 
Th*.lS, when exposJr€ octU""etl well in ad~ 
vancE> o+ pregnancy, 24tAm ><as appa:nent.1y 
not transfE>rr-ed across the placenta !H.t 
only tnrough th! mill-;. 

Tt1e <mOUlt of 24 1Am transfer .. ed acro5s tf',e 
placer-ta was <1. tac~or of 10 less t'laP that 
previously reported ~or plutonium, whereas 
the amo1.nt transferred via mi'.k. l day af
ter jr,jectioo >.~as lC times greater than 
tnat found for plutcniurr (Annua 1 Report, 
1960). 



• Synfuels Teratology 

Principal Investigator: P. L Hackett 

Other Investigators: D. D. Mahlum and M. R. Sikov 

Technical Assistance: R. L. Rommereim 

This project was initiated to determine and quantify the developmental toxicity of materials associated 
with solvent-refined coal (SRC) processes. Previously reported studies demonstrated that some SRC 
materials were embryotoxic and teratogenic when administered to rats from 12 through 16 days of ges
tation (dg). The most commonly observed, dose-related, fetal morphologic lesion was " small lung" (as 
determined by fetal lung weight), which was often accompanied by cleft palate, diaphragmatic hernia, 
or syndactyly/ ectrodactyly. Recent results indicate that the incidence of small lung is highest when 
exposure to crude material (boiling range, 300 to >850°F) occurs on 12 or 13 dg. No adverse fetal 
effects have been observed following administration of material boiling below 700°f. 

Recent developmental toxicology studies of 
synfuel materials have had a dual purpose. 
One goal was to determine the interval in 
which the embyro is most sensitive to ex
posure to solvent- refined coal (SRC) mate
rials, as evidenced by adverse effects on 
viabi 1 ity, growth and development. The 
second goal was to determ ine the terato
gen ic potential of a seri es of boiling
range cuts of crude materia l from a pro
cess development unit. 

Previous studies of maternal and fetal 
response to an SRC material (designated 
HPS) indicated that exposure to 0.74 g/kg 
of HPS fr01n 12 through 16 days of gesta
tion (dg) increased the inci dence of small 
fetal l ungs (Annual Report, 1982). Subse
quent studies, performed with the same 
dose level, demonstrated that a shorter 
dos ing interval (12 to 14 dg) resulted in 
a lower incidence of small feta l lungs and 
that a single dose of 0. 74 g/kg of HPS 
delivered on 12, 13 or 14 dg produced no 
observable fetal effects. These effects, 
suggestive of a dose response , indicated 
that both the dose 1 eve 1 of the comp 1 ex 
mixture and the time of administration 
were critical to the i nduction of fetal 
anomal i es. We therefore compared the ef
fects of single doses of HPS, ranging from 
0.92 to 1.85 g/kg and delivered on 12 , 13 
or 14 dg, with those resulting from daily 
doses of 0. 74 g/kg delivered between 12 
and 14 dg or 15 and 16 dg. 

Female rats (Sprague-Dawley, CD, Charles 
River Laboratories) of known gestational 
age were assigned to treatment groups by 
formal randomization based on body weight. 
On each dosing day, suspensions of HPS in 
milk were prepared immediately prior to 
intragastric intubation of a constant
volume dose. All animals were weighed at 
intervals; at sacrifice (20 dg), the 
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gravid uterus, with products of concep
tion, was also weighed. The contents of 
the excised uterus were examined for num
ber and locati on of early and late resorp
tions and of live and dead fetuses . Live 
fetuses were weighed and examined for 
gross defects, viscer al malformations and 
altered morphol ogic development of the 
skeleton . Fetal lungs were examined in 
situ and were then removed and weighed. 

Weight gains of maternal rats t ended to be 
lower in animals that received a single 
dose of 1. 11 g/kg or more and in rats that 
received mul tiple doses of 0. 74 g/kg of 
HPS (Table 1) . Although thymus weights 
were depres sed in all ani~als dosed with 
HPS (Table 1), the increase in adrenal 
weights that had previously been reported 
as accompanying thymic i nvoluti on (Annual 
Report, 1981) was not observed. No sig
nificant trends in intrauterine mortality 
could be attributed to any dosing regimen. 

Fetal body weights were significantly 
lower than those of controls at all dose 
levels on 14 dg, at the highest dose level 
on 12 dg and when 0.74 g/ kg was delivered 
from 12 through 14 dg (Figure 1). Fetal 
lung weights were lower than control val 
ues for all dosing regi mens except at the 
lowest dose on 13 dg and following dosing 
on 15 and 16 dg (Figure 1). Incidences of 
major fetal malformations (expressed as 
the percentage of affected fetuses/litter) 
are shown in Figure 2. Sma 11 1 ungs were 
observed most frequently fo ll owing dosing 
on 12 dg, but a dose-response was observed 
for each exposure day . Cleft palate 
tended to occur more frequently after dos
ing on 13 dg, and diaphragmati c hernia was 
observed more often in fetuses exposed on 
12 dg to the highest dose level. 

In sur~mary, teratogenic events were ~nost 
evident following exposure to high dose 



TABLE 1. Maternal Measures (Mean ~ SE) Following Administration o f Process Solvents o n Various Days of Gestation . 

Dose. Dosing IntervaL Number ot Weight Gainlal, Thymus Weight, 
B_ dt! Aminals mg 

0 12·14 16 47 :t 4(bl 215 ~ t71bl 

0.74 I J.-14 6 38 :t. a<b.cJ 77 ± w<dl 

0 .92 12 7 42 ± 6<b.cJ 114 ~ 1&<c.dl 
13 6 so± 3(b) 146 ± IJ(C) 

14 6 04 ±6(b) 145 :t. 17!b.c.dl 

1.11 12 7 36 ± 9(b.cl 137 ± 1&1C.d) 
13 6 24 :t 61b.cJ 128 :t. 15<c.dl 
14 6 28 :t o<b.cJ 113 ± 151c.dl 

1.48 12 7 28 ± 71b.c) 134 :t J2IC) 
13 6 22 ± 5<cl 1.23 ± ts<c.dJ 
14 6 31 ± 6(b.cl 90 ± 1l(c.d) 

1.85 12 6 30 :t 4<b.c1 116 ± 38tb.c.dl 
13 6 25 :t 71b.cl 90 ± w<c.dl 
14 6 15 :t a<cl 103 ± J7IC.d) 

lalextragestational weight !body weight m•nus we•ght or gravid uterus) gam irom 0-20 dg. 
tb-dJvalw' that do not ~hare a common ~uperscript letter are s1gnific,mtly dnferent IP < 0.05). 
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FIGURE 1. Fetal Body c~nd lung We.ghts follow1ng in Utero Exposure to SRC M. terials During Specific Stages of Development. 
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SMALL LUNG CLEFT PALATE DIAPHRAGMATIC HERNIA 
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FIGURE 2. 1\>r<:entage of Fetus('<, with Mdlformat1ons following in Ut<>ro hposure to SIK Materials on 12, 13 and 14 Days of 
Ge$tat1on. 

levels of HPS on 12 or 13 dg, and fetal 
growth depression occurred most often when 
dosing was performed on, or later than, 14 
dg. 

The protocol for determin ing the terato
genic potential of the di screte boiling
range cuts of HPS was simi lar to that de
scribed for the preceding study. For this 
study, rats were dosed on 13 dg with crude 
HPS at a dose level of 1.85 g/kg, or wi th 
doses of the boiling- point cuts equivalent 
to 1.85 g/kg, based on the percentage com
position of the crude material (Table 2). 
The low-boiling cut (1, 300-700°F} was 
added to each higher-boiling cut since our 
preliminary studies (Annual Report, 1982) 
indicated that the high-boiling material 
was not readily di spersible and might have 
been unavailable for absorption from the 
gastrointestinal tract . 

TABLE 2. Description of Boiling·Rang~ Cuts of d Coal liQuid 
!HPS) Administered in Developmental Toxicology Studies. 

&ulin).\ Pt•rc:t>nt of 
( ut Rangt-. ·~ Crude Hf') 

100·700 71$.':1 

II 700-7:>0 3.3 

Il l -;;o.flou 7 4 

1\ II!Kl·ASO 3.5 

v >llSO 4.7 

Crude 300·>B'i0 ]()I) 

69 

Maternal mortality was high (50%) fol low
ing administration of a mixture of 
boiling-range cuts 1, II and III (300-
8000F, Table 3). Mortality levels were 
somewhat lower (20%) when the 750-800°F 
cut was eliminated and when crude HPS was 
administered (17%). Thymus weights were 
most affected by exposure to crude HPS and 
mixtures of the highest-boiling cuts (IV 
and V) in the low-boiling material. Sig· 
nificantly increased adrenal weights oc
curred only after dosing with crude HPS. 

Fetal body weights were not significantly 
altered by in utero exposure to any of the 
HPS fractions (Tabl e 4). Fetal lung 
weights tended to be depressed in all HPS
treated litters except for those exposed 
only to the low- boiling cut (300 to 
700°F) . Higher incidences of small fetal 
lungs (Table 5) were observed after admin
istration of boiling-range cuts I + II + 

III, I + IV + V or crude material. Cleft 
palates, which were commonly observed fol
l owing treatment with crude HPS, were ob
served in only one litter exposed to high
boiling material. The incidence of a 
physiolog ic variation, reduced ossifica
tion of the nasa 1 bones, appeared to be 
correlated with the incidence of small 
lungs. 

Although the results of these studies are 
preliminary, they suggest that no adverse 
fetal effects are induced by materials 
boiling below 700°F, but that some equivo
cal maternal measures of toxicity (less 
than normal body-weight gains and abnorm
ally low thymus weights) should be studied 
further. 



TABLE J. Maternal Measure (Mean± SE) Followeng TreatmE'nt of Pregnant Rats weth Various Boelang-Range Cuts of a Coal 
lequed (HPS) 

8oel1ng R,lnKe. Numllt'r or Mort.llity. Body Wt'IKht Thymu' Acirt'nal lltl' 
Cut OF Do~m~ "4 G.1m. gl.:ll \\t-Jght. m~: \\'eeght. mg Rf"''rpuon>. ".., 

Vehecle 7 0 36 ± 7 161 ± 1atb• 76 ± &lbl 2.9 ± 1.4 

l(ll). ;'()() I) 19 ::. j Ill ::. t6th.ll !l-l:t 71bl 16.1 :t (>.7 

I+ II+ Ill I()(} /1()11 h }() :!7 ±'I 14U ::t 4 !lb.cl ;'4 :t .,(b) 7 1 ± 7 I 

I+ 1\' -tV \(l().jl)(l ; .!0 31 :t i % ± 1grb.ct ~~~ :t 8rb1 29 .. 1. 11.6 
~ltl->6311 

+I\' \()() :ou 5 0 lh:t 6 '18 :l: jh.J ~~ J: ..!tb) '1.0 :t '>b 
!ltlCl.fl ill 

I + \' lOll ;'(l(J -l I) .!b :t -1 IIJ • :;Ill ll'l :t ttlh.cl 5.1:!: 3 . .! 
>Bio 

H~ 100 >tno 7 17 .!.i :1: b 90 :t l.!(b.ll ItO± 6'" Yb± 3.6 
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TABLE 4. Fetal lung and Body Weeghh (Mean± SEl Following an Utero Exposure to Va110u> 8oihng-R.1nge Cut> of a Coal 
liqUid (HPSl 

8ue1·n~ R.ln~:e·. '() ol Pup,.. r-..o. o! l lh'f' Rodv \'\'ee-:ht Lun~ \\'t>eght lun~ / Body Weeght. 
Cut OF Ex,tmlnl.'d ~ m~ '\, 

\'t>he< It• !14 7 1 .36 :t 0 08 I()<J ::: .;'·'' 1 .:!4 ± 0. JQ(,ll 

ll)(J. i'UO iPI I JO ± 0 13 t 14 ± 7(d) J 31 ± oo;1.J' 
I + ll +l ll ll)(l-/1011 rJ l ()(, :1: 0 . .!8 :"b ± :;lbt 2 411 ± 0.14la.bl 

1 +I\'+ V JI.)(J.;oo .!3. -1 1 .73 :t u 26 b8 :t 10tb• 2.48 ~ o 2ul'-' bt 
11()(.1->llill 

I + IV !00 ill!) 4'1:; I Ill :t 0 20 l\4 .!: (>l.l.hl 1 79 :t u.o;lbt 
II! I{J ll'lll 

I+ V 1110-700 33.'4 3 18 ±0 13 4.! ± 6ta bJ 2.tSS ± o.1o1·'' 
>tl;o 

liP" IOO·>IIiO ~ 1.'6 I 40 1. 0 0'1 77-r. :;the .!.26 r. 0 JOihl 

TABLE S. Incidence of Frequently Observed Fetal Anomal't><> Followmg in Utero E\posure to V.1reous Boiling-Range Cuts of 
a Coal Lequid (HPSJ. 

Atrt>eted Ft t J,e.:Luter. " 

Boeling Range Oedphragm .. h< Reduct'd Q\'ieiJCation 
Cut OF ~mJIILun~o: Hernea Clt·tt Palille oi No'><l: BoOB 

Vehide 2 u 0 2 

i00-700 4 0 () 14 

1+11 • 111 300-8CKI b9 'J 0 72 

I+ 1\' + V J00-700 35 0 ) 100 
tlOO >II .SO 

I+ IV 100-700 li 0 u 10 
soo 85n 

I +V 3()().71)0 14 0 0 14 
>650 

HP~ IOO·>IriO 70 b -l-l ot 
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• Perinatal Effects of Synfuels 

Principal Investigator: D. L. Springer 

Other Investigators: L. E. Anderson, R. l. Buschbom, P. L. Hackett, D. D. Mahlum, and R. A. Miller 

Technical Assistance: J. A. Brower, C. J. Gerdes, K. M. McCarty, and R. L Rommereim 

Studies were conducted to determine the mortality rate and the cause of death for offspring treated in 
utero with a high-boiling coal liquid (300 to 850°+F). Pregnant rats were gavaged with 0.74 g/ kg body 
weight / day from 12 to 14 days of gestation (dg); 54% of their pups died within 3 days after birth. Of 
those dying, 8% had cleft palate, 30% had small lungs, and 31% had both of these malformations; the 
cause of death for the other 31% was not identified. Lung weights (expressed as percent of body 
weight) were also decreased in treated pups through 3 days of age, but returned to control levels by 7 
days of age. The dose administered resulted in moderate toxicity to the dams. 

Rats were treated during pregnancy, and mixed-function oxidase (MFO) enzyme activities were 
determined in liver preparations from 10-wk-old offspring to determine if prenatal treatment influ
enced the ability of the animal to metabolize xenobiotics. Permanent changes in the activity of aryl 
hydrocarbon hydroxylase (AHH) were not observed. An additional group of rats, which were exposed 
in utero, were examined for evidence of hepatic tumor development by staining tissues for foci of 
gamma glutamyl transpeptidase (GGT) activity. Few, if any, of the liver tissues of animals exposed to 
coal liquids were positive for GGT foci. 

Exposure of pregnant rats to complex mix
tures of synfuel derivation may result in 
adverse effects to offspring. To evaluate 
these potential effects, dams were treated 
during pregnancy, and offspring were eval
uated for survival and growth. These data 
were an extension of terato 1 ogy studi es, 
which used similar coal 1 iquids (CL). In 
addition, other experiments were conducted 
to determine whether the CL act as cross
placental carcinogens and whether prenatal 
exposure to the CL results in permanent 
changes in mixed function oxidase (MFO) 
enzyme activities such as aryl hydrocarbon 
hydroxylase (AHH) and cytochrome P-450. 

Rats (Sprague-Dawley CD, Charles River, 
Kingston, NY) were caged with males over
night (four females per male), and copula
tion was detected the next Darning by the 
presence of sperm in vaginal s~ars. The 
day that sperm were detected was des i g
nated Day 0. Females that copulated were 
randomized by weight and assigned either 
to the control or treated group. Pregnant 
dams ~ere weighed on 0, 9, 15, and 21 days 
of gestation (dg) and 1 day after deliv
ery. Oams were treated with a material 
(designated HPS; boiling range 300 to 
>850°F) from a process development unit at 
doses of 0. 74 mg/kg/day on 12 to 14 dg. 

Beginning at 21 dg, dams were observed 
cent i nua lly; pups were continually ob
served from birth through 3 days of age to 
obtain accurate survival data. Pups were 
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removed from the cages immediately after 
death and examined for gross abnorma 1 i
ties; body and lung weights were obtained 
at necropsy, which was performed immedi
ately following death. At birth, all con
trol pups were randomly assigned to groups 
that were sacrificed at 0.25, 0.5, 1, 3, 
7, or 21 days of age. The early sacrifice 
times were included to obtain body- and 
lung-weight data for comparison with 
treated pups that died during these inter
va 1 s. Surviving treated pups were ran
domly assigned to groups for sacrifice at 
1, 3, 7, and 21 days of age; procedures 
were similar to those for pups that died. 
A 11 neonata 1 ~easurements for pups that 
died were pooled at intervals of 0-8, 8-
16, 1€-37, and 37-72 hr after birth and 
correspond to measurements made on pups 
sacrificed at 0.25, 0.5, 1, and 3 days, 
respectively. 

Ex~ination of maternal body-weight data 
during pregnancy indicated significant 
decreases for HPS- treated da~s relative to 
those for controls. Since mortality was 
not observed, these data indicate moderate 
maternal toxicity to the CL at the doses 
used in this study. 

Within the first 3 days after birth, about 
54% of the HPS-treated offspring died 
(Figure 1). The remaining pups survived 
through 21 days of age. Body-weight data 
indicated that pups that died weighed sig
nificantly less than those of the control 
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FIGURE 1. Mortality for Offspring Exposed Prenatally to a 
High·Boiling Coal Liquid (0.74 glkg Body Weighl/Day) on 12 to 
14 Days of GeSlation. 

group. Gross observations indicated that 
8% of the dead pups had cleft palates. 

Lung weights (expressed as percent of body 
weight) for HPS-exposed pups were signifi
cantly less than those of controls at 0.25 
and 0.5 days of age (Figure 2). Randomly 
selected HPS-exposed pups that were sacri
ficed also had lungs that weighed signifi
cantly less than those of contra 1 s at 1 
and 3 days after birth. Frequency distri
butions for l ung weights were prepared to 
develop objective criteria for establish
i ng the incidence of small lungs. Lungs 
that were more than t~oto standard devia
tions below the mean for the control 
group , on both an absolute and relative 
weight basis, were classified as small. 
When classified in this manner (Figure 3), 
none of the lungs from sacrificed control 
animals were classified as small, whereas 
61% of the pups that died had small lungs 
(Table 1). In addition, 29% of the 
treated pups that were sacrificed also had 
lungs cl assified as small. The incidence 
of the malformations was greatest between 
birth and 1 day of age (Figure 3) . These 
data suggest that small lungs contributed 
to the incidence of mortal i ty through 1 
day after birth. The fact that few deaths 
were observed after 1 day of age, together 
with the presence of small lungs in 
treated animals that were sacrificed be
tween l and 3 days of age, indicated that 
some animals with small lungs survived. 
Furthermore, lack of small lungs in 
treated pups sacrificed at 7 and 21 days 
of age demonstrated that lung weights for 
these animals returned to control levels. 
These data suggest that recovery was ade
quate to sustain life; however, it remains 
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to be determined whether lung function for 
surviving treated pups was normal. 

Eight percent of the treated pups that 
died had cleft palates; 3Il had both cleft 
palate and small lungs. The cause of 
death for 3!% of the pups was not attrib
utable to either small lungs or cleft pal
ate and remains unidentified. 

Cross-Placental Carcinogenesis and Enzyme 
Activities 

For these studies, we attempted to deter
mine whether high- boiling CL are cross
placental carcinogens and whether prenatal 
exposure results in permanent changes in 
enzyme activities. Reports in the litera
ture indicate that in utero exposure to 
polyaromatic hydrocarbons such as benzo
[a]pyrene (BaP) resulted in permanent 
changes in the activities of MFO such as 
AHH and cytochrome P-450. In these stud
ies, basal levels of AHH activity and P-
450 1 eve 1 s from SaP-treated pups were 
lower than those of controls; after treat
ment of the offspring with an enzyme in
ducer such as phenobarbital, activities of 
these enzymes in exposed pups were higher 
than for controls. In other studies, lac
tating dams were exposed to pharmacologic
ally active agents such as phenobarbital. 
Offspring nursed by these dams showed in
fert i1 ity, delayed onset of puberty and 
alterations in plasma concentrations of 
sex hormones . Since xenobiotics and ster
oid hormones are metabo 1 i zed by MFO en
zymes, and both of these materials are 
involved in tumor development, we extended 
our studies to include measurement of MFO 
enzyme activities after in utero exposure 
to CL. 

For these studies, pregnant rats were 
treated with a CL boiling from 300 to 
850°+F, and the offspring were observed 
through 10 ~k of age. Activ ity of AHH for 
male offspring was then determined in 
1 iver 59 preparations. The results in
dicated that the activity of this enzyme 
was not a 1 tered by exposure to the CL 
(Table 2). In addition, BaP, a positive 
control, did not produce permanent changes 
in the enzyme activities. All these re
s u 1 ts are opposite those in the 1 itera
ture. The reasons are unclear, although 
it may be significant that the numbers of 
animals employed in the published litera
ture were much smaller than those in our 
studies. These results also point to the 
need to dose animals during lactation and 
evaluate the effects after exposure by 
this route. 

At weaning, female offspring from this 
study were placed on a diet containing 



h ::· .. ;:::1 CONTROL SACRIFICED 

D HPS SACRIFICED 

~ HPSDEAD 

-If SIGNIFICANTLY DIFFERENT AT P<0.05 

... z 
w 
o._ 
ffix 
O..Cl 1/)w 
"'~ 
""> Xo 
Qo 
Wal 
~II. 
Clo 
z 
;::) 
.,j 

2 

0 .25 0.5 3 7 21 

DAYS OF AGE 

FIGURE 2. Lung Weight d~ Percent of Body Weight for Offspring Expo5ed Prenatally to a High· Boiling Coal L•quid on 12 to 14 
Days of Gestation. 

TABLE 1. Incidence of Malformations in Ofupring Exposed 
Prenatally to a High·Boiling Coal Liquid. 

:-..o Pup>ii'.o . Llllt'" 1 'il/14 )ii9 
E-,omone>cl 

Gro"'~ ()b>t-n ·•hoos 
5mJII Lun)l> 01 (,-

Clt>ll Pdlate c n 0.:0 
l;!olh Sm,tll Lu ngs a nd 0/0 Oill 
CIPrt P,1lJII? 

\.o. Alit'< led Pupslbtt OIO l bC 

:\II<'< it'd Lrtt"" 

AiteriPd Pup; p!'r llttt:r 0 12 ± 1 

l,tlpul'' "ICriitced Jt I. 3. 7 and 21 days oi •llt' 
lbiCieit pdldte< and small lung> 

HPS 

o4:1 t 119112 

1\1110 35111 
6/9 b:9 

20i8 1018 

44110 6011 1 

41 ±9 ih:8 

0.05% phenobarbital, a liver-tumor pro
moter. After either 10 or 20 wk of pro
motion, these animals were sacrificed, and 
the livers were evaluated for the number 
and frequency of foci that stained posi
tive for the enzyme gamma glutamyl trans-
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peptidase (GGT). Positive results from 
this study would be suggestive evidence 
for initiation of the liver toward tumor 
development. Results from this study will 
be available during FY 1984. 



TABLE 2. Effect of Prenatal Exposure to Phenobarbital, Benzo[a)pyrene or a High-Boiling Coal Liquid on Basal and :nduced 
Activities of Aryl Hydrocarbon Hydroxylase and Cytochrome P-450 levels. 

Induced or 
ACII\Ity t-.oninduced Control Phenobarbital SaP HD (low) HD (Midl HD (H1ghJ 

AHH Nonindu<.cd 0.221 ± 0.0094 0.232 ± 0.010 0.210±0.017 0.192 ±0.019 0.204 ± 0 .025 0.227 
19 19 17 11 10 1 

AHH Induced 0.728 ± 0.042 0.716 ± 0.031 0.781 :t 0.068 0.644 ± 0.047 0.682 ± 0053 
I<J 16 14 11 4 
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• Health Effects of Synthetic Fuels 

Principal Investigator: R. A. Renne 

Other Investigators: R. l. Buschbom, and l. G. Smith 

Technical Assistance: V. L. Dedmond, V. l. Madden, S. M. Baze and C. White 

The purpo~e of this project is to study the potential human health hazards associated with synthetic 
fossil-fuel technologies. Studies in progress are investigating the carcinogenic potential of cutaneous 
exposure to various boiling-point distillate~ and chemical-class fractions of materials and products 
from the solvent-refined coal technology. 

Epidermal carcinogenesis studies are in 
progress on boiling-point distillates and 
chemical-class fractions of these distil
lates from the solvent-refined coal (SRC) 
technology. Exposure is complete, and 
histopathologic examination is in progress 
of tissues from animal s exposed to 
boil ing- point disti ll ate s of process sol
vent (HPS) from the SRC Process Demonstra
tion Unit at Ha~arville, PA. Skin-tumor 
incidence and latency , based on gross ob
servations of these animals, are presented 
in Figure 1. These data indicated that 
the derma 1 carcinogenic potency of this 
material increases with boil~ng point and 
is due to that portion boiling above 
700°F. 

Recently begun studies are assaying the 
dermal carcinogenicity of two chemical 
fractions from the 750-800°F distillate of 
HPS. These are the neutral polycyclic 
aromatic hydrocarbon (PAH) and the 
nitrogen-containing polycyclic aromatic 
compounds (NPAC) fractions. 

Studies recently completed on recombined 
PAH and basic fractions of SRC-II heavy 
distillate (Figure 2) do not indicate syn
ergistic activity in the carci nogenic re
sponse to these two fractions; skin-tumor 
latency is similar to that observed in re
sponse to the PAH fraction alone (Annual 
Report, 1981). 

Studies on samples of nitrosated basic tar 
fractions of SRC-11 heavy distil late {Fig
ure 2) indicate that nitrosation does not 
decrease the carcinogenicity of basic tar. 
This suggests that primary aromatic amines 
are not the determinant class of carcino
gens in thi s sample. 
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FIGURE 1. Skin-Tumor Response to a W1de-Boiling-Range 
(300-850 + °Fl SRC·II Coal Liquid and to i.t~ Boiling-Point 
Cuts. Al High Dose. 6J Medium Dose, Cl Low Dose. 
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• Tissue Dose in Fossil-Fuel Exposure 

Pnncipallnvest1gator: R. E. Schirmer 

Other Investigators: L J. felice, B. J. Kelman, D. L Springer, and R. B. Westerberg 

Tec"nital Assistanc~. C. A. fankhawser 

The h;df~time for ptasrna dearanc~ of Denzo{a]py:ene !BaP~ in the SpragtJE>Daw!ey rat is approximately 
10 min as estimated fror-. blood levels :o!!owinf; imravpnuus admL'li~lra!ion. B!ood level~ of BaP and its 
po:ar metabolites ro'>e §evt>:r.il houn after percutaneou\ or in;raverous dosing, suggesting thai biliary 
ryding is i:nportant. By both routeo o! admiristra:ion, thE' pt.mna concl!n:ration of polar rre:aboiites 
wJs jjrPater than the torcent·ation of unchanged flaP a: al! time;;. Another observation :n the expire~ 
ment:. w2s th1.t 6-amhorhrys€'ne was ab~orbed much :no1e ~lowly :hto'.Jgh tCle skin than Ba?, 

St:;dies of the percut.ane:::us .abscr;::t;on ar<J 
st.bsequent dispo:.ition of bemo[ajpyrene 
(Baf') ana 6-arntr:Jc'Jrysene t6-AC) have t::een 
iritiated in rats" These CO'IIfJOurds were 
selected as representative of the carcino
genic polynl.lClear aromatic hydrocarbons 
arc: polynlAc1ear arom.;tti::: andnes present- in 
same syr.ftm; pro:::ess strt>ams. 

TCie disoosition of BaP il the rat ~oo~as ex
amim:C. 'jy admir.isterlrg 0.46 ~-]moles :;f 
11C-~abeled BaP (lJ ~Ci tota' activity) ir 
50 fJ] of acetone to lG 300-g (no~:~lna~) 
SpnHr:e<Jawley rats by injectlo1 into a 
c:u.da ~ vei 'l. f;f1ot.'ler 10 rats ~o.~ero dosed 
fc1lo10110g the svme p:'ot:::co 1 b~t using di
;retnylsuFoxide (OMSO) rather tha'l acetone 
as V;e vehicle. Blood sarPples were ther 
c::ne-cteC fro:n th~ t.dil vein at ir.tt'r'>als 
uo to 24 1r after exposLre. A port~on of 
t-he plasrra from each blood sa:uple was ex
tracted ~o.~iL< e:.hyl acetate, followed ::y 
2: l ethy' aceta':.e: <~cetore, and ::oth the 
organic e1.tract a1d aqueous phases were 
cowlteC:_ Co~nts in the organic o1ase reo
resent SaP ar:G sirrp'e oflenclic rretat:.o-
1ites; those remain~ng in the aqueous 
on<tse after extraction represePt hiqhCy 
pohr met&bolites ~.~ct: d$ solfJtes, qh.
CLNn~des, ana gl~tathiJne corjJgates. 
The p I asma concentl'dt; or of ~r;cl'anged BaP 
was then deterlfi1ed by a"lalyzing the vr
garic e;.:uact by means of ~igP-per:'ormarce 
'iquid c~ramato~raphy (~PLC), using a C-lB 
nr;<ers.~t-phase cohmm and fluoro;netric r1~

';;ection. The mobile plldse was acetonl
trile:water, SC:2G. Sevt>r<!l of ti1e flaP 
concentrations were confirned by indepen~ 

rtent measJre!~lmt, using gas chromatog
rap~yimass :soectrometry 

The percutaneous absorption of SaP was 
e:<:amir!!?d by application of 1.15 ~lfoles {25 
JCi) SaP to th>: shaved oa:::k.s of rats ir 
250 fil of OMS:). The dnse \oi<'IS. increased 
for this st"Jd.Y becawse the blDctl levels 
were expected to be li'.Jch lower thJ1f' t'wse 
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fC<J1ld following int.raverous (IV) M:nin'is· 
~ration. Bloc~ samples from anirrals dosed 
pe:ocutaneousiy 01ere collected .:u•d <1'laly1ed 
in t1e same l!'an'ler as tt<e saT!ples f>"OTI tl'e 
!V <'YPetil!flf"iJ:S, 

fhe plasma c0!1C01tratiO'l5 measured in 
these expeJ'tme!1te. a,..e given ~n Ta:~le l. !\ 
significant rrcport1on of the total Bar
related mate;ials in plasma au present as 
po;ar metabclites tha: do nc-: extract ir 
the et'ly1 aceta:-e:acetore system- This is 
t'""ue at the eat·liest times mea;urnd and 
fo" Qoth IV a1d petcLtaneous administra
tion. T.'n~ initial dec1irw ~·n ccncent.ra
tl:Jns of both flaP and polar 11etabolites 
was followed bv a rise ir< com::entratio1 
bet....ee,o 2 arC '6 1r af~er e¥plsUr.o. He 
r1se is lll05':- o~viou5 fer the me~abo":"\ter., 
t:.llt is a:··so P"e.!>ent, at least as ar1 :n
flectitm, ln L'le Ba? rnrc.;'ltration··vers:..s-· 
time c<.~!'ves. Tnc rhe ir concentration is 
be1ieved t.c oe ~~;e to bl1iary recyc>irog of 
BaP and its .Tetabolites, which 1as bee'l 
repcrted by ot'ler investigatcrs. Concef1~ 

tra:ions of :.he ronextra~tat.: e- metabo~ i tes 
1n thl" p 1 asma an> generally g'"'eater than 
thor.e of parent flaP, witn the jiffererce 
being much qrl!!ater when tne oose ts ao~ 
sor-<:ed through the sk.~n rathe" t-han lt•
jecteo intpavenoJ~ly. 

""he 'lalf-time for c~eara:r::e of Baf' from 
p'asma is on the order of 10 J!l~n. est'~ 

'!lated from the ir'liti41 slQpe of the 
p li'lsma-leve 1-versus-t '11e co.~rve. Wowevrr, 
bili11ry !'ecyclir:; nal<.es the effective 
h<!~f-tlme nuch io1ger, reswlting in $~g~ 
nif"cant level$ of Baf' in plasma eve"! af
ter 24 nr. A sillli Jar effect was obse,..ved 
for the major nonextractaole metabulit.es 
.,.he persistence cf plasma le11els may allow 
flaD and its metabolites to aCCUllu1ate :n 
t.1e bociy 1.111der conditions of repeated ex
posure, even ~hen periods as great as 24 
nr separate the exposo.~res, 
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T,,e perCJtaneous absorption of 6-AC was 
studied follow~ng app: icat-:on of L6 
1-1100les of 6-AC ir; 50 ,Jl of acetor~e to t~e 
shaved oacks of rats. Thl? protocol wa1> 
sirnila':" to that described above for tt-e 
3aP studies, but a serial s-acrifice was 
add.:d to abtair skin 5amples for direct 
meas.1reme'lt of v1e a!llow:t of 6-AC rll!main
ing at the site of app':lcation as a fuf't· 
t ion of time_ Plasma sarnp les were taken 
up in aceto'li t.ri 1 e, cert ri f Jged, and ar~a

lyzed by HPLC on a Zorbax C8 reH!'rse-phar.e 
colurm using methanoliwater, 8C:20, fer 
th: mobile phase, and flu:~:romctric de::.ec
tio'l. Skin Sflm;:lle, were extrdcted wtt1 
e:t"lanol, and the extracts analyn:•d in the 
same manner as the plasma sanples. An a-;.
temot was made irdds'iy :.:J use a1 ll'lec
trochemical detector for ~his analysis ne
cause preliminary results obtained on 
oouse sk'n conta;ning 6-AC looked llf.l"Y 
prornis1ng .wd the detector off2rs ve"y 

c =,,-,;,. 
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f'igh sensiti~tity. Hcwevel', interfering 
su!:!sta1ces oresent in the rat tissue and 
p;asma samples preve'lted application of 
this detection method ;Jntil a sc~itable 
;;reSe;laratior~ procedure can be developed, 

fhe tesults o" the skin a,aiyses are pre
sented in Table 2. ""he qJarttity ::lf 6-AC on 
rhe skin fell off ~apidly during t"le firs~ 
1-2 'lr, then became almost constant, with 
51% of the do:;e: still prese'lt at th· sHe 
of a;;:plicaUcn after 24 'lr, The low tate 
of remo,a1 of 5-AC from tl'ie s~io res.ulted 
ill 1.-'ery lew :::lood lev11h. ln sp~te of th,; 
high sensitivity of the flJoromHric pro
cedure (:imH of detectiM is less '!;.han 'I 
picomol<Os/m· plasna) and the relatively 
~igh ::lo~t', bl:Joa leveh; cf fvAC wero;> not 
detectable in this experiment. Add~tional 
deve:op:nent. work wi 11 be roecessar-y to 
ach'eve nigh enough ana··ytieal sensitivity 
to complete the-se measuremer>b. 

2 "' 
4 lv 
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• Aerosol Technology Development 

Prindpallnvestigator: W, C. Cannon and E. F. Blanton 

Technical A%istan!: B. W. Killand 

lhe objeCtive of this p!Oject is to improve :echniques and apparatus for generating, sampling and 
rharacteri:z!r.g aerosols and f01 exposing laboratory animals to airborne pollutan:s. In :he past year we 
have refined r;,kulations lor estimali•lg lung deposition in rodents; evaluated aerosol penetration in 
new, nose-only cr,ambers: and improved methods of sampling aerosols by e!irrJnating charge eflects. 

:rnprDving Est-imates of LUnJl Depositio"l in 
R<:.den:. fxpostJres 

During rodent exposures, ttie deposited 
ael"csol ac:ivity in tnll! )ung (initial lung 
cwrder, ILB) is es:.i~roate:! frorr tl'e oroclu:;:. 
of t1me-we'ghted a~erage concentration and 
expos~re ti11'e . ..-his quantity, ca:led "the 
exoosllr€," h calc-.1lated by 1\luHiplyiny 
::ancenV·<Iticn by ~:ime (min·=l'2i/l), a;d is 
sy.'Jibolized by E. The vahdi ot [ is up
dated by periodic measu~ewents of aeroso: 
::cncentra~io<1 as the ani111als are being 
e>;pMed. A.eroso1 ~oncentration alo')e is 
insu~;>jc~ent to pred:ct lung de;::os.it':on 
s1N:e tile l<1tter is also affected by pa":'
'.:-icle size. However, we ;avi;t !lad no ade
quate !!lelhoc for real-time measur11ment of 
the part~cle size of a1pt-a-emitt!ng aet·o
scls. When t"Je aeroso: partic~e !>iZe is 
differen-::. from that .~seC in previolls expo
sures, we reed ~cme s~'nple ,.ay tc modify 
our estimates of lung burden du"'ing expo
sur-e. 

For some tine 't>e !'ave measure-d total Lor
cent ration with a real-tirte monltor, ca'
cuhting E a"ter each meas.urerue'1t andes
ti"!lat.ing tl'e activity deoostted i·> ':.fie 
lung at that ti'lle. We tflen ter-minated tl'e 
exp::tsure w1en the est~Tated UB reached 
the tar1;et. value. lr; rats, the probabll
ity of 1Lnq deposit~o~ is less f::tr par
t.icloi!:s :arger than 3 ~:11 in aerodynamic 
Diameter tnan fot sna;ler particles. We 
hyJ::Lnes i zed tf.at "'e cculd !!lake more a::
curate estimates of iurs deposi:.ion !Jy 
ig11oring oartic~es above Mme g~ven size, 
d. We calculated a new exposun: value, 
E9, wh:c~ inc'uaes only ,the aer::.sol P.ar:~i
c,es sma.ler thar d, <Hl(, casea de-pos·tHw 
estiitates 0:1 this value. 

We propose to iMtaP a presOt·'ectcr to :.he 
monitor inlet that wll' filtet out tht; 
oartkles larger tiJan d. By c;>lculating 
Ed instead of E w<: will acnieve better 
esti"'<ttes of the uepositec lung bllrdens. 
To discover wl"dch diameter, d, .oould re
st.. H. in the best lung dep:;.sition estirrates 
we have examined ::::ata fr~:m past ae!"oso1 
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e;.posu!"'>l'S. TheH~ exposures included more 
than 2000 rats that were expose:::, nose
only, to plutoniu~ dio~ide aeroso1s tagged 
wlth ytterbhm-Hi9. fh-ls tag a;:ows us to 
measure the bo<ly burden o" each animal by 
in 11ivo counthg and to: ca1u1a::.e lLBs 'Jy 
extrapolAting back to tt'e ti11e of expo
Sllfe. T!'lOt :Jartic1e sizes of these aero
sols, detef'ftined from cascade impactor 
s~~ples co''ected during exposures, varied 
froo an AMAO o~ O,BS to 2:.59 ~m. hom 
these cascade impacto"" data we calculated 
the fractiol' of plutoniUlll activity in r;ar
t'cles sma:Jer than 2 ~111, smaller thar 1.5 
,.Jm and smaller t.1an 1.0 ~m, resoectfvely. 
Multip1ylrg [ by these fract"ons, we ob
tai.; 11a~r;es ct E2.Ji' El 5 and E1 0 , which 
a~"e "Pxposvres" TOr M ccrrj!5ponding 
particle-size CJts. 

By div~ding, byE, t~e <ll'llOuf't of activity 
deposited i1 an ardmal ,.e cctah a factor 
relating exposure to deposition. Tl'is 
fat:tor, wf\ich has the tame units a:. flOf,r 
rate, can be interpreted as t:1e f.'ffeclive 
minute volJrte of tte a'lima.' for lur,g deptr 
sition. To dete"TTIif1e va1ues of E., we took 
samples of an exposure aero:>ol i'lt tlwee 
;;crt$ with filter sar~:p1ers, Divid.i1g the 
"iltflr activity by t~e Hl.11pler f 1ow r.ate 
provi:it>C a direct mear.ure of £. We calcu
lated the mean va'ue of f for each group, 
t!'len, a:. e,.plained t~bove, calculated the 
n-ean val;;e;. o" E2 . 0 , El. 5 ana ELo· 

The body turden of each dniw.a1 was mea
suroi!d at 7 a1d 14 Cays after expCSLN!. 
The meaf1 va 1 ues fo" each exposm·e group 
were determined and are sy!'lbo l i zed by B7 
and 6 14 , f"<!SpectlvPly. we :.lle;) estimated 
t1e ~~B (60) by assuming that. tM clear
ance nrve ;u>tween 7 and 14 days. cou"1d be 
rxtrapo1atect t<l t'ime 0: 

The vaiues !'leasured are a::tc~a11y -::.otal 
body burdll!'l5 but since, by day 7, :rrost ot 
the remairdr<g act.iv~ty is in the lung, B-1 
ard B14 ar~ essentla1ly l;;r;g burde1s. 



For each exposure group we have three iung 
OLrdens and four E values and can ;:alcu
'at:P a total of 12 effective minute vol
umes. We then test tt~<=se values by ca> 
cu1ating estitMted lurtg burde:~s fro~ E 
va hes and compat'e tnem to the 11easured 
lung burdens. Us~ng EL t<d' Ez.n• £ 1 .~:; 
and E , o~..:r estimatet:0 ol lun!f"burdl"ffi' 
were ~ip.;lr 10% of t"le neasJred value for 
the nJmber of times indicated ~n Table 1. 
The ilighest sco,.es 'loKire achieved c~sing 

F~ n and £1 <;· The best cut-off dlanete" 
wi5t;1a be ;;.ppr"Oximately 2. 0 ;;n, 

T.o\;Blf: 1. NumO\'' of btnn«;ed Lvlg Svdo?n~ 'A'•111n 100,;, c1 
trw M~·a~Jred Vdue .vtaxi"lbrr iCMf' I}O>oible ~~ hlL 
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To fJrther improve estimates, ~e will also 
consider w:.ing preselectors :.uch a5 cy
c1ane separators, l"hlch t·a>~e collection 
efficienc'es more closely approximating 
the v::pe" re5piratory tract cf thll' raL 

Cre o• tb~- more important attrlbu~es of an 
aerosol exposure sy;,tem is its ab-ility to 
de<~ve" the aeroso: ""ith :ninima1 cl-anges 
i11 properties" for this reaSO'l we irJVes~ 
tlgated the characteristics of <Jerosoh in 
the "low-pao.t cllamber wh~ch we receqtly 
deve'ooed fer nose-crly aerosol exocs.,~res 
of r·odeats. To asse5S changes in aerosol 
size distribJtions caJsed by the cMnber 
geort1etry we simu~tareou5":y collected 
casca::le-impac~::~r samplf'S a~ t"'e ::ha~ber 
inlet and at an exposure part. 'he plu~ 
ton'w• act-'vlty of the 23 9Pu02 aOrrQ-:;cl .. as 
analyzed by C(:u~ting l!.s H-keV x-.-ays. 

Because the ilrpactoH were natchect for jet 
diameters and flow rates we coulct directly 
compare stage activ"ties to de:ernire t'le 
pe·wtratio."i factor cf t1e chdmber for 
eight aerosol size ranges. Tnese data 
were collected during :s :rat exposures, 
figure l shows the mea~ values ot the ra
tio of the expsure-part ifllpactor~stage 
<Jctivity to the inlet i'!ipactor·stage ac
tivity, p1 ctted against tt'le rridpoil)t ctiam
ete"' of the st<lge. Standard devi<Jtions of 
these ratios arl! plotted<):$ errol' hars. 

From figure 1 we can est;mate that tile SO'..t 
cut-point ot the chamoe~' is 6. 5 ;>Ill. As ar 
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uample cf r10"" this mig'll affect expo~ure 
ael'osols, we have estimate-d the- ae•·osol 
less in the cha10be'" tor two 1ownomally 
cistrlbu:.ed ael'oscls hav}ng_ !\MADs of 1.5 
and 3. 5 ~o~m; both have a geometrl:: standan! 
deviat-ion of 2.5. The los~ ef the first 
aerosol would be 13% and of the second, 
32%. Altho~gh ttds loss: wol!lC occur 
mostly in 'large p<):"ticle$, fcl" 'fmici! the 
proi;labi\ity of ·ung deposit~on is very 
sNll, in studie-s iwo:v~ng upper
~'espiratory-tract deposition, :.he loss of 
tile large:---siz:e aerosol particles 0100.ld :::e 
q~ite sigrifica~t. 

The 10-nf\1 cyclone co~~~ro•1ly usee. t.o measure 
respirab"le par~icl(> concentratio:.s of air
berne ael'Osols n:ay unaerestimate these 
conee•1tratiors b.;cause o'" .:lecLrcstaUc 
char"ge. We have demonstrat~d exi)eri~rent
al:y (Annual Report, 1982) that such 
cnar(;:e ef"~cts do 'lot ccct:r when cyclones 
are coated with a conducting material or 
are fabricated from r.ooducthg .1ylcr.. 

We 'lave stc~die:i th~ol'etical trajectories 
of charged aerosol part1::hs appl'oaching a 
charged nylon cyclone to assess the ef
fects of ctarge on the sampling effie:tcy 
cf t~e irstrc~!N~rt. ~igu,--..e 2 shows t.heo~ 
l'etical tra5ectories calcula~d ~or 3,5-pm 
unit dens'ty sphe"es, each carrying 2:)0 
e 1 ectron-: c charges, as thlt!y approach a 
nylo'l cyclone carrying 3 statcoulombs of 
charge uni fornly distributed ever lls cy
~ indrical surface. None of the particles 
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that apnroached the cyclone in a directioN 
para::el to its cylirdrical axis WOJld 
reach the sample in'.et, and tbe collection 
efficlency wou1d be zero for the case. 

Both tt'-<i theoretical :::akulations and ex
po<!rime1tal met~surements indicated that 
est~'ltateb of respirable aer(lsol conce~tr.t~-

a· 

t ions fliay be as much as 20% less than ac
tual values 01hf\n nonconducting cyclOrJ~s 
are used, 

Otl'er nla;,tic aerO!>iJl :oamplers may also 
have adverse charge effects; we wi 11 use 
these methods to see if those samp1ers 
also Nquir<> mcCificat'on. 





• Bio logical Effects of Magnetic Fields 

Principal Investigator: B. j. Kelman 

Other Investigators: C. S. Abernethy, D. W. Carlile, J. R. Decker, Jr., D. R. Kalkwarf, E. G. Kuffel, 
D. D. Mahlum, J. R. Skalski, and J. A. Strand 

Technical Assistance: M . Orgill , T. A. Pierce, and R. L. Rommereim 

The scope of this project was greatly reduced in the past year. Previously, the objective of this project 
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, ferti l ization and embry
onic development in trout, synthetic membranes, and long-term exposure of mice. Reports have con
tinued to appear in the literature describing biological effects of magnetic fields, but the current data 
base remains extremely weak, primarily because of the lack of appropriate controls, especially in 
whole-animal studies. Our lifetime study in mice, begun in FY 1982, continued this year in a facility 
which permits exposure and sham-exposure of animals under nearly identical conditions. 

Additional studies were carried out to determine the nature of the interaction between rainbow trout 
ova and sperm and magnetic fields that leads to enhanced fertilization. 

Faci 1 iti es 

The primary facility used in lifetime ex
posures has been described in previ ous 
Annual Reports ( 1979-1982). However, 
si nce it is unique (it all ows l ifetime 
exposures wi th concurrent contro 1 s), a 
bri ef descript ion is incl uded below. 

A 1200-ft2 metal building has been reno
vated to house two identical beall!-bending 
magnets (type 18036), which were obt ained 
on loan from the Stanford Li near Accelera
tor Center (SLAC). These magnets, which 
~e previously used at SLAC, have poles 
that measure 45.7 x 91.4 em, with a gap of 
17. 8 em. This provides a relati vely l arge 
cavity with a uniform vertical f i eld. In 
addition, the space on either side of the 
poles can be used for exposure to gradient 
fields . 

An environmentally controlled unit , de
scribed in a previous Annual Report 
(1980), has been placed in each magnet to 
house the ani ma l s. The envi ronmental 
units are matched in size, lighting, temp
erature , and humidity. The mode of opera
t ion has been such that one magnet is en
ergized (to provide the exposure field) 
whi le the other is not . This permits con
trol animals to be maintai ned under condi
tions ~hich are as similar as possible to 
those encountered by the exposed groups . 
Either magnet can be energized, thereby 
all~ing locations of control and exposed 
groups to be exchanged between 111agnets, 
minimizing potential differences between 
units. 
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Trout Egg Fertilization 

Previous s tudies conducted i n this l abora
tory confirmed that fertility of trout ova 
~as significantly increased in the pres
ence of 1-T magnetic fie l ds . In order t o 
determine whether this response was dose
related, trout ova and sperm ~ere expcsad 
to field strengths of 0, 0.1, 0. 5, and 1.0 
T for periods of 5, 15, 20, and 60 min. 
These exposures were completed in FY 1983 
and were evaluated during the remainder of 
the year. No valid statistical conclu
sions can be reached unti l an additional 
replicate test series is completed. How
ever , i nspection of the availabl e data 
i ndicates a slight but cons i stent trend 
toward increased fertility wi th increased 
strength and duration of exposure to a 
magnetic f i el d. 

Lifetime Exposure to Magneti c Fields 
Li fetime exposures of female COl ~i ce to 
homogeneous 1-T and gradient 2-T/m fields 
were continued. This study was begun on 
April 13 , 1982 when mice were 5 mo of age ; 
25 mice were placed i n the gradient field, 
50 mice were placed i n the homogeneous 
field, and 75 mice were placed in the con
tra 1 magnet. 
Each week the mice have been transferred 
from the energized magnet to the nonener
gized magnet; the nonenergized magnet has 
then been energized, and the previously 
energized magnet degaussed. Thi s proce
dure controls for any slight differences 
which may be present bet~een the two mag
nets. 



At the initiation of the experiment, the 
mean weight of the mice used in the study 
was 31.2 g, with a standard deviation of 
0.7 g. Figure 1 shows weights (mean± SE) 
of the four groups of mice as a function 
of exposure duration. Weights of the mice 
exposed or sham-exposed to the homogeneous 
field were not different over the period 
shown. At 536 days of exposure, mice ex
posed to the gradient field weighed 41 ± 2 
g; those exposed to the homogeneous field , 
43 ± 1 g. Mice sham-exposed to the gradi
ent fie 1 d weighed 40 ± 1 g, and those 
sham-exposed to the homogeneous field, 45 
± 2 g. 

Mice exposed or shan-exposed to the gradi
ent fields gained weight more slowly dur
ing the first 40 days of exposure than 
mice exposed or sham-exposed to homogene
ous fields. The origin of the difference 
is not readily apparent, although we 
strongly suspect it is directly related to 
crowding among the gradient-exposed ani
mals, a problem which initially went unde-
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tected. During the early phases of this 
experi ment, some of the animals housed in 
the gradient area of the magnets may have 
escaped from their caging units and joined 
other animals in the gradient group in 
their cages. These animals did not cross 
between gradient and homogeneous parts of 
the exposure chamber. We have hypothe
si zed that the crowding and consequent 
deprivation of both water and feed re
tarded the weight gain of the gradient 
animals. However, it is clearly evident 
that no difference exists in the weights 
of animals comparing exposed groups with 
their appropriate controls. 

The mortality curves (Figure Z) for ex
posed and sham-exposed animals do not ap
pear to be significantly different. At 
536 days of exposure, mortality was 26% 
(13 animals) in the exposed homogeneous 
group, 34% (17 animals) in the sham
exposed homogeneous groups, 20% ( 5 ani
rna 1 s) in the exposed gradient group and 
28% (7 animals) in the sham-exposed gradi-

DAYS ON EXPOSURE 

FIGURE 1. Weights o( Rats Exposed or Sham-Exposed to Magnetic Fields. 
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FIGURE 2. Mortality in Rc~t~ Exposed or Sham-Exposed to Magnetic Field~. 

ent group. No significant differences are 
apparent between groups if mean time to 
tumor is considered. In the sham-exposed 
homogeneous group, mean time to tumor was 
331 ± 36 days (±SE). In the exposed homo
geneous group, mean time to tumor was 271 
± 51 days. In the sham-exposed gradient 
group, mean time to tumor was 315 days in 
the two animals with tumors, and in the 
exposed gradient group, mean time to tumor 
was 327 ± 37 days . 

Detailed histopathological evaluations 
have not been comp 1 eted on a 11 ani rna 1 s 
that have died. In the sham- exposed homo
geneous groups, evaluations have been com
pleted on 11 animals : five died of malig
nant lymphomas, one of Asner cell carcin
oma. Oeath was not related to carcinomas 
in five animals. In the exposed homogene
ous group, evaluation of 10 animals has 
been completed: cause of death was malig
nant lymphoma in three animals, granulo
cytic leu~emia in one, Asner cell carcin
oma in one animal, and rhabdomyosarcona in 
one animal. Death was not related to car
cinoma in four animals. Histopathologica l 
eva 1 uat ions have been comp 1 eted on six 
animals frorn the sham-exposed gradient 

85 

group: two died of malignant lymphoma; in 
one animal auto lysis was too advanced to 
allow determination of the cause of death; 
and three other deaths were unrelated to 
carcinomas. In the exposed gradient 
group, five animals have been evaluated 
for cause of death: three were due to 
malignant lymphomas and one to Asner cell 
carcinoma. To date, there does not appear 
to be a difference in the pattern of tumor 
type between exposed and sham-exposed 
groups. 

At the present time. no significant di f
ferences exist between exposed and sham
exposed animals. Too few animals have 
died to allow conclusive evaluation of 
this experiment. However, at the termina
tion of the experiment, we plan to perform 
extensive necropsies and prepare the tis
sues for in-depth histopathol ogical evalu
ations. Electrocardiograms and clinical 
chemistry results wi ll also be evaluated. 
Because of the unique applications of 
lifetime studies hazard evaluation, we 
plan either to replicate this s tudy or to 
perform another li fetime study, using an
other strain of mouse with different ge
netic characteristics. 
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• Metal-Membrane Interactions 

Principal lnvest!gator: R. P. Schneider 

Other lnvestrgators-: H. Drucker, R. A. lindberg, <Jnd j. E. Morr:~ 

Technicai.Assistance: M. J. Steele 

Using d:fferent model t.ys:ems in N-evro>pora cnma, two stvdi<'s within this project examine the role or 
membranes in regulation of metabolism and entry of metals into cells. We studied the regulation of an 
aspartyl protPdH' secreted by Neurospora and found that the enzrme ~~controlled in a diHerer.t 
"nanner from !hai oi previously investigated pro~eases. The amount .md cellular location of this 
enzyme vMies for 0ach of the three 5t.:tte~ of derepression u'lder wHch a is synthesized. Data from 
zir•c-uptak-e ~1udies suggested that zinc i~ recognized by !f-e up!ake systefT' as zinc d:rate but that th<' 
ttl rate does not ente· 1he cell with tne zinc. After exposure of cets which nave a h1gh zinc-~ptdk<: rate 
b-ecause tr'!ey hac been deprived of zinc to 10·mM zinc, the cvlh lose the ability to transport the metcti 
wah" 1-aH-tirr;e of 12 min. !f the ce:ls are transferred :o zhc-fre(' medium, tl":e rate of loss o! the 
upraAe system is !'lowed fiveto!d {ha!f~time of 1 b;. These .e-xpelimems indicate tha1 !\leurospora has a 
sensjtive control system for re'iul;~ting accum..J:a1ion of zinc. 

In spite cf the ut:iQuitns, increas1ng 
presence Df toxic m&tals ri~Jrived troT the 
production of energy in t.Me erwiromre">t, 
little is kncw1 of thei"r interactions with 
membrane up-;.ake and regula~ory sys'-:ems. 
Tte ionic fcrms of ~tost to;.d:;: metals pene
tr-ate ce~~ membra11es slo-wly; therefore, it 
seems likely that rM.ny of the~r effects 
are exerted at t!1e rrenbra'1e level cr are 
determined by membrane-regulated entry 
~ntc cells. Thus, information on the ~n
teract'"cn of metals wHt defined 1!emtwane 
functions 1ray be expected to aid in pre
dicting potential effects of trace metals 
from fossll-fue1 utiliza:.io:1 ard process
ing. 

Ushg different model systems, twc studies 
within thiS pr~;ject examine the role of 
membranes in regu1atio'1 of metat::;llism ard 
thei"r role in regula~i1g entry of tmdc 
meta~s into ce1ls. 

Regulatio.1 of [)(tracell:>l.;.,T 2.11y~~.~ 
Neuros-pora crass-a 

\ole have ~rvestig<~ted the regulation of 
several lulilf' '"'Y''" nrodoced by 
t~e fungus to better 
understand external 
environment can control gene expre-ssion. 
We ~ave found that ~. crassa secretes sev
eral pro teases aM ·nuc1eases in respc!'se 
to llrritation of the elementa:l nutrierts 
obtainable ~rom pr:>teins 3nd nuc~e"ic 
ac~tls. We :""Ja11e a~ so found t.hat regulation 
of an extracellu'ar add protease is more 
complex than that of E:"lll:ymes st.Jdiect ear
l i er, 

Three of the P"llteases ~nvestigated are 
derepressible for at'!y Of tOe three ele-
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nental nutr~ents :hat Take up protein 
r1.e., starvation for S, C, or N results 
in "turning on" the genes fJr these pro
teases). However, regulation of the ex
tt'ace 1 1 u 1 ar aspartyl protease, is 'lot 
coordinated with the other p~otease.s, 

figure l sh(IWS that the pre tease is dere
pressibl~ fer S but is only presert in 
small amct.rts whe1 N is limited, arc ls 
net detectaole w1en C is limiting. A 
curve s'milar to tha~ representing S-
derepressior; is gene~a~ed ~or a11 three 
states of derepress"'on if the fi1trates 
are assayed for act~vity t'rom the other N. 
~ p"otease5. 

To determine at which ~eve1 this enzyme \s 
reg.Jlated, we exal'lined the intracellular 
levels created by the various s-:.ates nf 
derej;re:;sion. We dld t~is lly ~arvesting 
myce · i a ilt SO'IVO'Ira l : i me points during de
rep"essi[ln, then freeze-drying, grlndif1g 
and extr3ctlng so~Lble ~11ymes, and assay
ing them for act-lvity in;~ibitJ)b1e by the 
spec;fic inh'ib'tut· pe;:statin. T'le rl"su1ts 
are st;own in Figure 2. Apparently, de
repression nccurs with starvation for any 
of the tl1ree e~e:nents (C, S or '<). hi;;n 
1eve1s of e111y100 are ;;ynthes'zed and se~ 
creted when S is 1irriting; however, only 
s:na;l awo.mts are synthesized under N
star'vatio.1. Ur:irl' C-lirtitat.ion, 'ligh 1ev
e1s of eqzyme ar·e fcn,nd in the cells, but 
syntM&is stops art.! no SBtretion t.a!(eS 
place Set"etion of this pt'Otease would 
lead to rapid "lnattivat1on Lf!der (;
starvation b<!cause of thf' high ;lH cau'ied 
by secretion of ammonia when amino acids 
are broken down as a C-sourr.e. Further 
wcrk must be d.ore to determ"in£ tM ce11u-
1ar location arc function of C-derepressec: 
acid orotease. 
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This pl'lJtease and its cellular location 
are r~gulated in a mare complex manner
than the other preteases of N. crassa. 
Ce ~ l u 1 ar location is probably regu i a ted by 
control of transcriptional initiation 
site. However, the mechanisms that con
trv1 tne total levels syntnesized have not 
yet been explained. Possibilities include 
promcter strength, the rate of degradation 
of newly synthesized mll:NA, or the rate cf 
e~zyme turnover 

Uptake of Zinc. by N. crassa 

Previous studies (Annua.l Report, 1981} 
have shoom that depriving N. c\"assa Of 
;o;inc causes it to synthesi'ZI'l atllgh
affinity uptake system for this element, 
In addltiun, we showed that the uptake 
system has a f)alf-ma:dmal uptake rate at 
1.5 nM if free: zinc is the substrate a;nd 
L5 IJM if the substrate is the zinc
citrate complex. 

last year, additional studies !llere per
formed to ascertain the fo~ of t~e metal 
recognized and b(lund by the tr-ansport sys
tem {f .e., free or che1ated zinc), Uptake 
of zinc \o'as meat.ured as a function of zinc 
concentratio~ in the presence ~f two dif
ferent concentrations of citrate, 1.3 and 
8.2 111M. The ccncentration of free zinc is 
6.3 ti>nt:r. lower in 8.2- than in 1.3-I"'M 
citrat~; thus, t~e uptake rate of zinc at 
the higher citrate concentration can be 
predicted frOB that at the lower concen
tration of citrate if free zinc i;; the 
term recognized by the system. In fact, 
the uptake rate of zinc, although l"Educed, 
was much hig1er than predicted by the tree 
zinc concentr11tion (Figure 3). The mast 
reasonable explanation is that the trans
port -eceptor recogn' Les zinc citrate as 
toe sul;strate but transports Of1ly !,he zinc 
into the co111l . 

P"evious studies showed tt-at the HC ci
trcte is not t<~:ken up in amounts ;,uffi
clent ~c acco..1nt for zinc uptake. The 
reduction of zinc uptak~ observed b 8.2-
lllM citrate (relative to that in 1.3-mM) 
may be the result of COII!petititm with zinc 
citrate at >:he recognition site. -his 
infol"!llation i:i; required for planned stud
iO!$ of tr.e transport of toxic trac~ meta1s 
hy the zinc-... ptake system, fer w~1ich po
tential alternative substrates must be 
provided in an acceptable chemical form. 

We 'lave st'.own that when 2C-mM zinc is 
added to the medium containing derepr~ssed 
N. crassa, the cells lose the ability to 
tNMpQrt radioactive tine, 'With a half
time of 12 min. furtbermore, addition of 
an inhibitor of protein ;ynthesis to dere
pressed cultures does not r~sult in. the 
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ln~s of upta~e ability. 1~1~ demonstrates 
t!lat tf'le syste;fl is not continuowr>ly beir;:; 
synth11siz~ct Md degraded; i.e., loss is 
rot caused S~'llply by n1ocdng synlhesis. 
"'hus, t~e loss is specFical1y caust'"d by 
the pres£nce of z.irc and protects the 
cel~s from accumu~ctirg toxic leve~s of 
that elemen:_ 

We tave a1sr; conducted stuaies to exarrim.• 
recovery f .. om th rinc--indtx:ed loss of 
transport <~bility_ We added 20~:nM zinc to 
zinc~starved cells, removed samples of 
cells frorr the fli;~ll-zirc Nlol!dium, washed 
them, arJ rneasu"'eci their abi 1 i ty tc trMs~ 
port r'!lc (as a funct<o~ of title) in the 
ne't! tfnc~free !ll€dium. fl.fter on1y 0.5 min 
i11 rned~urn containing 20-mM 1-inc, t'le eel's 
continued to lese the :-.ranspc-r:- fLJJiClion 
for 3 hr (ft~ure 4}. However, ti)e time 
re::juired fo1· loss Gf the uptake sy~tem .... as 
five tirres sic~r (t;~lf-ttme : 50 :rnr) 
than in the prese-!"ce of external zinc 
(ha1f··tifle "' 12 men). The t'ate of Co$5 of 
the system in zinc~free medlurr was inde· 
pendert of t:ve length of time the ce11:> 
~ere incuta'::2d in ?i>mM .nne. This >oug
gests thal the rate is a·,so independi!nt of 
the htrace1Jt.1ar 'levels of zi·lc accult~
Jated dur~ng the tig~-zinc phase. Since 
the rat.e-of-tnnsprt loss is dependent O'l 
lhe presence of extracellulnr zinc, wh:n 
sudctnly co1fronlm:: with tig'l extracellu
lar levels, the uj;take system of zinc
deprived cells is rapid'y if1actlvated. !f 
the extracelLJlar .:rinc disap:u~ars (or is 
a!l taklf>n L?) ann the ce'1s contai11 ade
quate zint stc"'es, the uptake 5Y5tem is 
inactivated fhe '::irres more 51owly. In 
thHf! ccnditions, the thre-at of olie!"ac.cui'!'l-
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ulation is rf!ftoved, and the c~Jls safely 
reta~n the ability to accvmulate zinc. 

In the, natural environment, N, crasM 
probably grows in conditions ofextreme1y 
low 1.inc concentration ar>d is at l~ast 
partially derepressed for zinc uptake in 
most situations, Exposure to low levels 
of zi'lc for u little as 30 sec provides 
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suffich~nt Line for th€ cells for 3 hr. 
The rnechanisns investigated in these stud
ies allo~ for fine-tuning zinc-uptake 
ability in conditions of varying availa~ 
bility of th0 element. These data are 
requi.red for design of experiments that 
will permit p~diction of the factors af
fecting bioaccumulatlon of toxic trace 
metals by the zinc-uptake system. 
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• Blood lrradiatot Development 

Prindpa! Investigator: F. P. Hungate 

Other Investigators: l. R. Bunrefl, T_ L Marthiora, W. f. R!emath, and R. E. Weller 

Hfiti!Ly of chronic blood irradiation w :s:.~ppressing early rejection of k:dney transplants is still being 
:ested. In these rew tests, donor kidneys ar€ obtained from stra1ns of dogs other than those in the PNl 
beagle colony. Assessment of <;tray radiation dose has indicated a need both for additional shit'!ding 
and a more efficier.! distdb-..~~lon of shielding mass. Hardware design is b€ins adapted to provide for 
effecth·e irradiation of blood volumes in humans, which are greater than those in dogs. Wo;k is in 
progress to dev~?lop .analytical ted .. nique; in dogs similar to those now available for evaluating !ym~ 
phocyte populations m rniJ:e and in man. 

This year, 1rajor "mphasis was placed on 
request~ng ~ermission from the appropriate 
Huma'l Subje:ct$ Committees to evaluate the 
efficacy of the blood irraoiator in clini
cal trials, A crucial pa~"t of this re
quest is defir.ing radiation doses to the 
patient and lo attending medical staff. 
An eval~<ation of such doses was 11ade Jslrg 
TLCs, X-ray film, a gamma analyze~, and a 
calibrated iorizat.1on .;:hariler wit1 its 
associated electrometer. Tl'e results ir
di eaten t1at s i go if kant impt·ovi?'Jient 1 n 
<.hield'nr.; design wi11 be required. A co'Tl
pJter code 's belr:;; usee to evaluate 
brmrss:-rah1ung doses and i::ent~fy opt~mal 
ccnf~gurat'~cr.s for placenent of sh!elding. 

We idertitied the preser1ce nf energetic 
ga!llf:la radiatiM fro!'!' 16 llTm, apparent1y 
produced by the n + 2n reactiDn. Ho'olever, 
t~e ra:::-iation from 1 "11Tm is a minor conr 
ponent ccmpared to bremsst.Nhlung. 

Kidney transplants in dogs continue; we 
are now usirg strahs other than the 
beagle as lddt.ey dcnot~ ln or-der to max~
mize Lhe tll!jection "ESpor,se. in the only 
test completed at thh ti'lle, an un'-reateu 
an'lll'al died 9 days after tr<~nsp1ant, but 
the animal with the blood irradia~or Jived 
41 days a"to:r transplant, when it was 
killed. Rejectio11 was evidMt in both. 
He treated aniMa"i re::~h•ed no blood ir·· 
ratiiat~on durlng the last 4 wk M ih ::re 
because shunt flow had stopped, and the 
irradiator wa~ remove:i !.4 days after 
trarsplant. The proionged delay in rejec~ 
Von following ri!woval of the irradiator 
provictes strong eviderce for t,;e etfec
tive;ess of chro"'ic irradiation in sup
pre!i>slng rejection. Similar evidence de-

rives frjm tne observed cellular deplet~on 
of 1yt~pho:::ytes throughout the dog's body. 
Two an'mal& died during surgery as a re
su1 t o<' defect he anesthesia eo,uip!l!ent, 
whid" is belns; replaced. Add<tioral ani
~~:ais are being ::-ested as rcpid1y cs they 
can b~'< schedu'l eO. 

To provide ra:iiation intensities suitable 
for humans, whicn have about 10 times more 
1>1ooa than dogs, we have designed and ini~ 
tiated fabrication of individual irradia
tcrs tflat rave <Ill "active a~ea 10 twice that 
of tl'ose used on dogs. We are also oe
sig;,ing connectors that wil1 permit using 
tw elongated units side-by-sid'i. Sucn 
J:arallel ;lacement will facilitate shield
ing. The irradator, which will be worn on 
the arfll or leg, can also be more easily 
connecteC to tne artery anG vein of the 
limb. If l'igller radiation do$e ratu are 
required, they can be achieved by placing 
more l<.ll>t;r in the units anu./or prolongitlg 
the perioa of activation. (We now acti
vate the units. fo" 4-5 ddys; effective 
activation can be extended up to :25 days.} 

At tll~s time tMre are no Sl.litable means 
of identifying lyJOphocyte subsets in dogs, 
as there ana for mice and ~urn,;~ns. To de
velop st.ct1 a capability, cells from a 
bpag1e dog having <1 lymphOINI are being 
cultured with the expectation that mono
cloflal a~tHK•dies to these cel1s can be 
de~eloped. The antibodies will be used in 
subsequent tests to more suitably evaluate 
the efficacy of vario~;s dose regimens. We 
hope that uata fro,'ll th~.>se tests wil'\ aha 
enhance the potentia1 rol~ of blood irrad~ 
iatio; for co1trollir;J t!"ansplant rejl"~· 
tfor as well as for other clinical appli
cationL 





• Radioisotope Customet List 

Prindpa! lnve~ligator: M. ?. Richards 

The purpose of this program rs to prep;ne and distribute the annual document entitled 'Uq of r>OE 
Radioisotope Cu<;tomer'> wit I, Summary of Radioisotope Shipments. 1 h1s document lists th~ FY 1982 
Commercia! radioiwtope production and dis~ribution activities of DOE faci!ities at Argonne Nation<~! 
laboratory, Padk Northwest Laboratooy, Brookhaven Nationallabora;ory, Hanford Engineenng 
Developmenllabora:ory, !daho Operations Offke, lo> Alamos Scientific Laboratory. Oak Ridge 
."<ationallaboratory, Savannah River Plar:t, and UNC Nudear lndusuie~. The report IP~L-4759i was 
published in August 1983. 
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APPENDIX 

• Dose-Eitect Studies with Inhaled Plutonium in Beagles 

On the following pages data are presented ior all dogs employed in current !ife·span dose effect stud~ 
ies wlth inhaled mpuOt, lHPu01, and mpu nitrate. Information is presented on the estimated initial 
alveolar deposition, based on external thorax counts and on estimated lung weights {0.011 x body 
weight) at time of expos.ure. Information is also provided on the current tnterpre{alion of the most 
prominent dinkal-pathological feature~ associated with the death of animals. These data represent 
information presently available, and are presented as reference material for scientists who desire to fol
low in detail the progres'i of the$e experiments. 
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l4G ,;; 
HG.S 
143.& 
142.7 
142.7 

142.7 
l 49.2 

146.6 

146 .s 

14.3 .8 

152,3 

171, ~~ Pt"ocessir-.9 
169.8* Prccess1ng 

162,2• staten> Epiloept. Nephroscl 

147.3:* Pul. Ihrombo>:!llboi.ism 

167,9~ ~rocess1ng 

19.5• Oral Tumor 

148,1* ;;.utl<J Tumor 

lJ;.S* Nephrosclerosis 

13S.7* He~ar.9iosaroo~a, Liver 
1$3.5* Lun-g l'til!lor 

l2l.{l* 
1Hi,2~ 

107.9* 
147,0 
12.2 

137,3 
U,6 

126.3 

U2,6 

115.5 

62,5 

Sacr!f:_ceC 
sacrificed 
Sacr it iced 
ProC>:B$H'g 
Secrifh:eO 

Hemangiosan:oma, Spleen 
S<tcrificcd 

ftocmd tell Sarcoma 

Sept:iCC11\ia 

Kid1ey,kaliqnan~ Lymphom~ 

" lncl:ccatNI age in r>OIItl~s since birth, all othrr <I<J>'S .tre in rtcnths slr.ce expo$'.lro::, 



OOSf. GR0111' 

D-1 LOWE$1" 
D··l LOWES':' 
0-l :.OWES~' 

D-1 LC'WES1' 
D-1 LCWES1" 
D-1 LOWEST 
D-2 LOW 
D-2 LOW 
D-2 LG'W 
D-2 :..ow 
D-2 LOW 
D-2 LOW 
D-2 LO'o'l 
0-2 LOW 
o-2 tow 
D-2 LOW 
D-2 LOW 
t;-2 LtlW 
;)· 2 LCM 
D-2 LOW 
D-2 :LOW 
D-2 LOW 
C-2 LOW 
D-2 t£iW 
D-2 LOW 
o-2 t.Oioi 
:::-2 f/)W 
0-2 LOW 
::>-2 LOW 
:>-1 HB.:J-LC"' 
D-3 11£::>-LOW 
D-3 :<!E:D-LOW 
D-3 MEO-LOW 
P-3 MED-t,t;W 
0-1 ME:O·· LCW 
D-3 MEn-LOW 
D-3 MED-LOW 
P-3 l'lED-LOW 
:J-1 MEI:-t.OW 
D- 3 M£:J- LC'W 
D-3 MED-LOW 
D-3 Mf:D-LOO 
D-J !'lED-LOW 

DOC 
tH.:.iHl E' !>_ SEX 

7?!< 

"' 893 
807 
841 

'" "' B4;! 
1& 7 
92? 

"' 871 
874 
754 

"' 748 

"' azc 
i!J: 
e-a1 
780 
B59 

"' ;rn; 
806 
g_:_ 3 
Si7 
w 
802 
781 
!7l 
m 
186 
7 52 
823 
SS:J 
m 
B38 
795 
Sl'l 
SSl 

"' 834 

M 
p 

" ' ' " " M 

" M 
M 
M 
M 
M 

' F 
F 

' ' F 
F 
M 
M 
F 
F 

' ' ' M 
F 

' M 

• 
' M 

' M 
M 

' M 

' M 

:JOSE-EFfECT Stl1DlZS WI':'H lWlALED P\J-239 O:HD£ IN BLI'..GLES 

lNITIAL A>VEOLI\R D£f'OSl'rlCN 

' 

NCI/G 
LONG 

0. 0& 
o.o;; 
(), 06 
(). 07 
0, Ui 
C,(li 
0.17 
() • ('17 
t\. ~i) 
O.OB 
C.09 
0. 0 9 
J.ll 
O.IS 
I)' l 5 
0.16 
0.16 
0,:!._7 
0 .H! 
o.n 
0.22 
0. 2:2 
0.23 
0.24 
0.25 
0.2~ 
0.29 
0. 52 
0.33 
0.38 
0. '0 
0.42 
0.42 
0.43 
0.44 
o.u 
J .?6 
1).46 
o. 49 
0. 52 
o.S4 
o.ss 
0.68 

NC!/ 
RG 

{).62 
c.o 
c "61 
o. 73 
u.;s 
;) • 7 f 
o. 74 
0. 77 
Q,lH 
0.92 
1.00 
C',% 
1. 24 
!.6~ 
1.63 
1.75 
1. 7!! 
1.90 
z.oc 
2.G9 
2.40 
2.41 
2. 57 
2.65 
7. 74 
3,20 
3. 24 
:; • 5C 
:!.64 
4 ,17 
4. 40 
<.59 
4.59 
4. 77 
4.8::. 
4.1;!5 
5,10 
5 • 0 9 
5. 40 
5.67 
5.8~ 
6.43 
7.44 

WEiCHT AVE" 
(YGJ (~?l DATE 

D.C 

'. 0 
14 ,C 
E.G 
'.0 
il. 0 
t3. 5 
u.s 
12.0 
12.0 
u.o 
!3 .5 
13.0 
::.1. (l 
11.5 

"' "' 10.0 
10.5 

9.C 
10.0 
14, s 
H.C 
7.0 

"' l(;,G 
:o.s 

8 .0 
11.0 
11.5 
10.0 . ' . -'- ~. ¥ 

13. ~ 
13 .c 
u.~ 
: 3.C 
14.5 
ll.C 
lb.O 

8 • c 
ll. 5 

9 • " 

HI.? 02/09/71 
2LJ 10/07/"11 
J4.~ Hl/07/H 
14.€ 01/09/71 
17,7 C6/0fl/71 
'5.9 11/!0/71 
2G. 2 OJ/04/71 
18.6 0?/06/Jl 
11!.2 12/21/70 
16.0 06/Cfl/72 
17 .J 06/0ii/71 
16.9 07/06/71 
16.8 07/0fi/H 
19.5 Ol/19/71 
l7,5 06/08/71 
19.5 Cl/19/?1 
15.6 0?/09/71 
19.1 07/06/71 
17.9 06/CB/71 
17,7 lC/C?/71 
18,2 Gl/19/71 
lB.:! 07/06/71 
18.5 12/11/70 
17.9 10/07/71 
} 5. 3 03/04/71 
15.1 OJ/04/71 
17.\1 1C/C7/71 
UL2 l2/21/7C 
16.1 04/?6!71 
17.3 12/21/70 
19.2 Cl/20/71 
19.0 02/lC/71 
19.5 (1)/04/71 
10,6 :2/1!/70 
16.B C4/26/7.i 
!7.7 l0/07i71 
20.2 OJ/04/?1 
t) .8 06/06/7: 
15.(' Ol/2G/7.: 
16,!) t<l/24/71 
2:.3 10/0?/7: 
l6.C 06/N:I/72 
17.8 <16/Cil/7: 

DATE 
oe 

Dtt.TH 

Cli/M/83 

Oi/24/B: 

04/0:,jSO 

87/07/72 
06/25/B3 

Ol/HI/iS 

08/19/Bl 
OS/29/H 

04/()8/82 

1D/~9/62 

06/23/78 

::12/20/81 

05/27/[!1 

02/22/79 

08/26;79 

09/06/83 
05/V/70 

fH/06/77 
1)7/05,179 

MGN'!'ES S ~~CL 
HIHAt.I\':'ION 

9/30/63 OEA'IH 

151 • 1 

147. ") 

:so,9 
146 .8 
15$.! 

l46 ,8 
~4<),8 

:Mi.il 
147.1 
:.n.s 
145.8 
153,) 
l4L<l 

1 ')() .9 
141.8 

149.2 

152.J 

150.9 

149.2 
141' 8 

147.7 

143.8 

J 4G. e 
12.5.1 

100.7 

1.0 
14.4 .6 

83.7 

127 .c 
42.6 

134,5 

; 3 9. 9 

9J") 

147.5 

93 "1 

J Cl. 7 

151.5 
24.9 

I) .9 
96.9 

COI'IMEN~S 0~ UeAD DOGS 

Sone "1.'\lmor 

Sacrificed 
?rocei$in,-

Stau.s Epl hcpticuii 

Unkno~;~n cause 
Sacrificed 

?heoct;rol!'ocytor.>a 

t.uno:; 1\.ur.or, Kidney TU.M':r 

Prr.>Ct>t.Sln(J 
s .. crificf'd 

ti&Crlficed 
Pyur-?tra 



I:-OSE-ETffCT STUD:ES \II!TH !NhALEt PU-2.:>9 OXIDE rN l'lEAGt.tS 

JOSE GRVUP 

D-l MED-LOW 
0-1 HED-LOW 
0-3 M£tl-LOW 
:J~3 XED-LOW 
P-1 M.ED-LOW 
D-) HED-LOW 
D- 3 !'lED- LOW 
0-3 MED-LCW 
P-4 MEDIUM 
I:- 4 MEPIIJM 
D-4 MED!UM 
0-4 MEDJUM 
D-4 MEDlllM 
P-4 '"EtllUM 
D-4 M.EDIUM 
D-4 MEDIUM 
D-4 MEDlUM 
D-4 MEDIIJM 
D-4 MEDlUM 
0-4 MEDIUM 
P-4 MEO!VM 
U-4 MEDlUM 
U-4 MEDIUM 
P-4 MEDCtM 
D-4 Mt:::at:M 
P-4 MEDU!M 
n-4 MEo:oM 
0-4 MEn!LM 
D-4 ME;'/IUM 
D-4 MEDIUM 
c-4 ln:n:t:M 
D-4 M!WltM 
0-5 MED-H rGlf 
C-5 PI£0-H!Cil 
D-5 MED-htGH 
D-5 MED-IllGH 
D-5 !'!ED-IliGH 
D-5 MED-HIGR 
D-5 MED-H!GH 
D-5 KED-HIGH 
D-'.i I'ITD-HJGH 
0-5 MEtHliGH 
P-5 MED-Il!GH 

OOG 
NUMIH?R SEX 

797 

"' 327 
6!17 
750 

'" , .. 
'" '" 6C9 

"' e35 

"' SH 

'" "' "' 8H 

'" &33 
8lC 
794 

"' "' see 
805 
812 
8)7 

'" 8!6 
777 
801 
767 

"' 727 

"' "' 759 

"' '"' "' m 

"' 

' F 

' H 

' H 
F 
F 
H 

' ' F 

' F 
H 
F 
H 
F 

' f 
6' 
H 
H 
H ,, 
' M 
H 
H 

' H 
M 

" ' " F 
F 

" F 
H 

' ' F 

Ili!T!AL AL.VECLI'IR D?FCSITION 

NCI 

"' " " 14{: 
118 
12l 
; 35 
127 
200 
157 
!06 
16.3 
189 
140 
ZSE 
lEl 

"' "' "' ,., 
301 

"' HIS 
2&8 
27(; 

4J8 

"' 494 

"' 546 
547 
liSl 
703 
7 33 

018 

'" 80! 
737 

"' 1281 
980 

t;Cl/G 
L'JNG 

0,70 
o. 7 2 
O.H 
0.85 
0.9) 
1.12 
L.'.7 
L36 
1.35 
1. !E 
l.F 
: • 4B 
1.4'} 
1. 50 
1,6{; 
1.74 
1. 71! 
1.79 
: • 8 5 
2. n 
2.3'3 
Z.£.0 
2.64 
2. 'H 
2. ~9 
1.12 
3.1:0 
LHl 
3..59 
3 ,€2 
3,97 
4. 32 
4.73 
4.92 
s. n 
5. 39 
s.n 
£.13 
~ .li 2 
5. 70 
~.92 
e .04 
e • 4 s 

Net/ 
KG 

7.73 
1. 94 
8.09 
9,3} 

10.26 
l2.JO 
12,86 
14' 94 
14,81 
14.95 
15.05 
16' 3 (I 
16.43 
l(i.4i 
HL29 
19.16 
1'),':.7 
1\1.74 
20.32 
26.:1 
26 '21) 
2:8 .£5 
2!0.06 
2'LSO 
31.7£ 
34.27 
35,04 
37,38 
39.52 
39.80 
43.68 
47.57 
52.08 
54.08 
58.£4 
59,25 
62.92 
67,42 
72.82 
13,70 
76.17 
iHl, '8 
;<3.33 

loiEIGl'T AGE* 
il':Gl (MO) DATE 

1:.o 
9,5 

11.0 
:5.0 
1; . 5 
lC. C 
lC .5 
e.; 

13.5 
1C.5 
:c.s 
10.0 
11.5 

8 -~ 
14.0 
8.5 

14.0 

u.s 
u 

:1.5 
l 5.5 
H.O 
10.0 
a. s 
7,5 

12.5 
:3.0 
12.5 
to. o 
12.5 
"-LS 
12,3 
lJ .o 
.: 2. s 
u.o 
13.0 
22.0 
1:.o 
11) .0 
12.0 
14.5 
10,5 

)6.4 0:3/04171 
21.3 10/IH/71 
.:6. 7 04/76/71 
19.5 1C/3C/7ll 
19.6 tll/20/71 
17.8 l 0/08171 
l7 .6 116/Ci.l/71 
15.9 11/10/71 
17.4 C7/06/7l 
1S.3 03/04/71 
111.2 12/21/70 
16.4 04/26/7: 
l6 .) 04/Zi.l/71 
'5,1 C3/C4/7l 
17.8 06/08/ll 
111.2 06/0!1/71 
17,1 10/N!/71 
18.1 06/08/71 
17,) 06/118/71 
16.5 0.(/26/71 
B.J 03/C4/71 
17.7 03/C4/7l 
21.3 10/08/71 
64.0 10/09/71; 
14.6 02/10171 
le. 5 06/CS/H 
17.1 04/26/71 
l7 .3 116/0ll/71 
16,C 11/10/7: 
H ,8 04/25/H 
2:l.Z 03/04/71 
18.1 C4/26/71 
19,'3 03/04/71 
17.7 06/08/71 
18.8 10/26/70 
l6 .c :1/10;;: 
18.2 07/07/71 
HL3 12/21/?C 
17.4 07/07/71 
1$.9 11/10/71 
1'9.2 u;:onc 
18,8 07/07/71 
17.4 07/C'l/71 

OATE 
0' 

:?EATH 

05/0fl/~0 

05/28/8; 
01/07/82 
i'lS/25/iS 

10/17/19 
:11/Ui/lil 

07/02/79 
01/26/Sl 
05/24/!!2 
04/(14/$3 
09/09/Sl 
02/17/!!1 
01/25/Sl 
10/16/70 
09/0'</Sl 
01/22/52 
11/U/79 
07/Cl/30 
10/Z6/S: 
05/U/71 
OJ/2:6/80 
11/10/77 
02/08/79 
G4/29/8:) 
ll/10/"16 
02/CJ/81 
li5/02/79 
06/02/15 
11/02/79 
06/04/81 
04/0l/71 
07/21/TI 
10/H/77 

* Indicates ;tge in nont11s since b:rth, all otb.!r "'geu ate in rnonthE sir,ce exposure, 

MONTHS !liNCE 
INHA:O!'.TtoN 

9/30/03 DEf<'l'!l 

:50.9 
143,8 
14~ .2 

152.J 
143 '7 
147.7 

146 .a 

149.2 

147.7 

114.3 

l.H.9 

122,8 
!16.5 
ee.a 

Hn.s 
:.:. 7. 3 

n .a 
::5,6 
13:2.5 
143 "3 
:26.2 
11'9.5 
12J .6 

"' :JS.9 
LJJ.S 
i02,(> 
:oe.a 
119.5 

0,5 
10!?..7 
7S.S 
95,2 

106.7 
/2.5 

llO.!l 
93.8 
S3.4 
99.9 

:14.8 
4 • ., 

n.s 
7$. s 

CP~~EN~S ON DEAD DOGS 

Caul. V"'lve .hl5Ufticien.cx 

H~ltgr.ant Lymphoma 

l.vr Citt, Thy T., Addison 
r.unq Tumot 
Ret:c91~m C~ll Sarcona 

Lnq Tmr, Thyroid Ader.om111 
t.ung Tu:nor 

Lung TJ.;mCt 
ErnnchopneurnUnia 
::..ung Tu:nor 
t~e::ritis, Adr & Th'>' Tu.mor 
Lun;; Tumor 
Pituitary ~r, cushin9's 
::.,unq Tu:nt:>r 
Sacrificed 
Lll~<J TUlliO r 
Ssophagea1 .1. r.un9 T~.:.r.or 
Lung Tumor 
Lung 'l'umo r 
Lung 'l'umor 
Sacrificed 
Lung Tumor 
Interst~tial Pneumonitis 
Lung Tmr, Intestinal Tmr 
l.ung Tumor 
t,1,1ng Tumor 
Or i Bladr £. Lng S. Adr '!Jir 
L~.;.ng 'l'llmor 
Llll'l9 TUIIIIH 
Lung '1umor 
Lt:ng T:nror 
Sactific~d 
Lung Tumor 
Lung Tumor 



DJ$£-EFFEC:T sru:::u:s WITH lNHALt::; PIJ-239 OXJD£ IN BEAGLCS 

HHTII\L ALVEOLAR DEFOS1T10N !NHI\LATION EXPCSUI<E ~CJN'l'HS SHlCf. -------- ·------------------ -------------------- 01\T£ INHALATION 
DOC NCI/G NCI/ WEIGHT ACE"' oe --------------

nose GROUP NUI'.UER EEX NC! LVNG KC IKCl (MOi UA'IE DEATH !J/30/8) DEA':'H COMMENTS ON ueAD DOGS 

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

D-5 HED-HlCH 820 ' 647 8.56 94.11 9 .D ULZ J6/Cb/71 06/01/79 $S.S Lung 'fu)llar 
n-s M!H.l-HlCU m p lllP !1, 1S 103.22 lJ. 5 21.1 10/Cl:!/71 ()1/12/16 76 .s L~:ng Tv!llor 
D·S M£D-HIGU "' p $4:) !'1.0.5 105.00 8 • ' l7 .8 10/CS/71 U/04/78 85.9 :.\HJ9 TlJrnor: 
n-s MED-IUGH '" ' 10S9 9. 90 108.90 lC .o 16 '0 ll/10/71 09/:00/79 94.3 Log "'"'· Ost~o~rt~rcp~t~y 
D-5 KED-Il1CH 'HU " 1394 10.14 111, '12 12.5 11L9 OZ/C<;I/11 12/03/75 S'Lfl uwg 'rumor ,_, 

M£D-HlGH 804 ·" 1J44 lC.lB 112.00 1?:,() 20.5 07/C7/71 GB/18/74 37.4 t/.:ng TUI't!)r, Rad. f'mllum. ,_, 1'!£0-HIGU ,, ·- " 1767 10,71 117.80 15 .o 16.8 07/07/71 09/03/76 61.9 LL.!'Ig 'l'umor 
D-5 Ml\0-HlGfl 760 ' BiB 10.89 119.!33 11.5 19.J 01/20/71 08/15/'1 3 30.8 Radiatio!'l P!'IE!ll'Mlflitis 
u-s M.ED-H!GH '" r rna 11,41 125.52 10.5 15.6 02/09/11 09/:7/75 "" ' ,:; • .<- '"' TIT'' Osteoart~r:opathy 
0-5 KED-HIGH 76l ' 1460 l2.C l !J"2,7J ll.J 19.3 !11/20/71 11/02/7~ 69,4 Lung Tu:nor 
D-5 MEO-HICll 709 " 1726 12.55 138.08 12.5 l9.ti 11/10/10 OJ/31/7: '·' Sac! i!'lce.:l 
D-5 M£D-H!GH 772 " HFJ6 14.99 164.!17 11.5 19 .s C:Z/09/7:: 06/26/75 52.5 Log ''"'. os t~oa: t f1 Hlw;t~y 
U-5 M£0-HIGH 702 ' HiD 15.29 168.20 10.0 19 .s 11/10/70 C3/3:/71 '-' sacrificed ,_, MED-!HGH "' F 1 ~ll 17 .l1 ~an.ss '-' lii.S 11/lC/70 04/01/71 4.1 sacrificed ,_, 

HIGH m F 7448 23.43 2.'57.68 '-" 18.5 12/21/70 10/02/76 69.4 L\1119 TU!IlC::' 
n-< lilGll 811 M 3164 23.37 263.67 l2.C 19.2 C:/07/1) OJ/26/73 20.6 itadiaticn Pr.t:Ul'lOOitiC 
D-6 HlGII 829 ' 3515 24.58 270.38 13 .c 19.1 07/C7 /L 09/13/73 Ui.3 Radiat1cn Pnel.lmonitis 
u-6 HlGP '" ' 3101 31 .32 344.56 '-" t 6. 0 11/H/11 06/13/H H .1 R"Oiati(>r. PlleUJIIOilitis 

~ 
:1-6 H!CH 4JS ' 3840 31,25 36S.71 1 o.s 75.5 ll/05/7C 1:/12/70 0-2 Sactifice.:l 

0 '"' HIGH 913 M 4$0() 3 5.64 332 .oo u.s 11.4 0'/l9/72 i)$/:C8/12 l.D Saorifleet. 
~ n-6 fHGH 90€ f 66J2 63.46 6;<6.11 '·' 1 '}. 9 1l/C9/h l:/U/72 12.5 RcH:liatl¢!'1 PmH.JmCnitis 

D-6 H1CH "' F 551;; 66.85 '1)5 • .33 1.5 16.C H/10/il 02/12/71 15.1 Rldiation ?neumonit.ie 
:1-6 H!CH 141 ' 1416 !f7.03 106-lLOC 7 .iJ H.l.i Ol/~D/11 (ll/13/7:2 n.e Radiation Pn€UJ11Dilitis 
D-6 HIGH no M 142€7 103. 7( !.:_41.36- 12.5 :. 5.9 l~/10/71 10/12/72 11,1 Radiat~cn P!Hli,;l'lO:litis 

• lnOicatt<;; . ,. io moe~th;:; !:!inC<} hirth, ~~~ otOltcr ages a<e io pontns since e)lp-:;tmrn • 



noS£ GllGUP 

CON'l'R:JL 
CON't:ROL 
CONTROL 
CCNTR:JL 
CON't.IIOL 
CONTROL 
CONTROL 
CONTROL 
CONTl<Ot, 
CONTROL 
CONTRCL 
CONTROL 
CON'li<OL 
CO~TRO:C. 

CONTROL 
CON'lROL 
CONTROL 
CONTROL 
CONT?OL 
C0"~<"11'10:, 
CONTROL SACRif:CE 
CONTRO~ SACRIFICe 
CONTROL SACRlFlCE 
CONTRG~ SACRIF:CE 
CO~TROL S~CRlPICE 
CONTROL SP.CR:f'ICE 
CON'IROJ, SACRH'IC£ 
CONTROL SACR!FtC~ 

D-1 LOWEST 
0-1 LOWES'l 
D~ 1 lJJWEST 
0-1 f,(r!iZST 
D-1 LOWiii.S':' 
D-1 :.ctioft S T 
0-l LO'ri"EST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWf.ST 
D-1 LOWES'l' 
D-1 l.OWES'l' 
D-1 LOWI':S':' 
P-1 ;:.OiHST 
D-1 LCMEST 

DOG 
NUMUEE SEX 

"' "' :ne 
990 

"'' lCCS 
}(;(17 

1C24 
!038 
lO~S 
1CS4 
1061 
1093 
1097 
1112 
1116 
1186 
11'17 
U09 
1225 

'" 1011 
1013 
1087 
1119 
1223 
u:n 
1;!:2!1 

"' 1003 
1023 
1039 
l 044 
1055 
1063 
1105 
111H 
1215 
1:230 

95] 
100& 
119} 

959 

' r 
' r 
' ' f 
M 

' " 
f 
f 

• 
' ' ' ' • 
' ' ,, 
' r ,, 
M 

' • • 
' • 
' ' f 
' ' f 
' • 
M 

• 
' r 
• 

HCTIAI- 1\f,'.lEQJ,AR DSPG<ilTION 

NC1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

' 0 
0 
0 
0 
0 
0 
c 
Q 
0 
c 
c 
0 
c 
0 
0 
0 
0 
0 
0 
0 
c 
0 
0 
0 
0 
0 
0 

' ' 3 

NC:/G 
[,Ut-.1(; 

0 ,00 
0. :JQ 
o.oo 
o .on 
(). :w 
o .en 
1;.00 
0.00 
0 .cc 
c.oo 
('. (l(l 

0 .00 
0.00 
c. on 
c .oo 
o.oo 
c. on 
c .00 
0.00 
c.oo 
c.oc 
IJ. 00 
0.00 
c.oo 
o.oc 
o .on 
D.OO 
0.00 
0. oc 
0.00 
o.oo 
n.co 
o.oc 
o.co 
o.oo 
o.co 
o .co 
c .00 
o.oo 
O.Ll 
0.01 
o.01 
o.oz 

Ncr; 
KG 

0 .co 
c.oo 
i.l.OC 
0. co 
G.OC 
o.oc 
0. DO 
I) .co 
0.0() 
(}. 00 
:;.co 
o.oc 
c. co 
~.cc 
0.00 
c.co 
~.iJC 
o.oo 
(). c 0 
J.DO 
o. 00 
0 .co 
{l,(JQ 

o. 00 
J.GO 
0.00 
o.oo 
o.oo 
o.oo 
0.00 
~. OC· 
0. {l J 
o.oo 
~.cc 

(l ' (I J 
o.oo 
o.oc 
I). 0() 
().co 
0.1.4 
0.15 
tl,lf 
o.n 

iNHALATlP~ EXPOS~RE 

WEIGHT l'.GE* 
(KG) (M:li DATt 

:)ATE 
CF 

DEATH 

:!!ON'THS SINCS 
1'S"HALATION 

9/10/83 DEA'TH COMHE~~s CH DEhP DOCS 
-----·-- ~~------· ----··--- -~--- -------------------------

10.5 
14.0 
!2.5 
11.0 
1: • 5 
.:_ J.C 
14.5 
10.0 
:o.s 
15.) 
l z. s 
: 4.C 
13.5 
12.5 
~ 3."' 

19.6 01/lfl/73 
1'<.6 n.:tltl/73 
.l9.2 Ol/H!/13 
17 ,!,) Ol/18/i3 
l7 .o o:/18/73 
Hi.8 01/H!/73 
16.7 n/18/73 
H.4 C501/7J 
liJ,$ N/18/H 
19.3 H/:e/74 
1S.4 04/18/74 
19.3 :2/19/72 
19.6 n;:e-;13 
:9.8 04iH!/14 
19.2 12/19/72 

l 0/(11/82 

01/08/79 

07/C7/!!l 

C4/ 10/77 
06/Cl/78 
05/23/79 
12114/76 
01/U/76 
05/l::./15 
12/01/76 
10/H/7!1 

04/26/17 

02/14/eJ 

148. "" 
1411.0* 
1 n .9" 
147, S" 
145.4* 
145. )* 
145.1* 

141.3* 
140. 6" 
14C.4* 
140.1* 
133.5~ 
133.0~ 

13 2. 7" 
Lil.e• 

12~ ,4 
128,-4 
l2S.4 
129.4 
128.4 
12&.4 

124.0 
:u .4 

1:?..4 

! 28.4 
1LL4 
l23. ~ 

136.3* Froc~ssing 

i'LIJ* Sacrificed 
83.9• S<lcrit'ic~d 
95.8* :~crificeO 
1,>0.0"' Sacrificed 
47 .s~ sacriflc~d 
31.9~ Sacr Hiced 
49.9~ Sacrificed 
12.'1~ Sacrificed 

93,6 Brain T"ntor, Hean: 'l'umor 

36.3 Sacrificed 

• lndicate~ ag~ in ~onths tlnc~ birth, all Gther ag~s are in months since exposure. 



DOSS-EfPECT STGD!ES ~lTB !NUALED YJ-238 OXIC£ IN DEACLES 

POSE f,;RQfJP 

D-1 :.CMEST 
D-1 LO'",.;'ES't' 
D-1 LOWES'f 
D-1 LOWEST 
L'-l LaiEST 
D-l LOWEST 
P-1 LOWF$'1' 
D-1 LOWEST 
D-1 LOfiE'ST 
D-1 LOWEST 
D-2 LOW 
D-2 LOW 
D-2 LOO 
D-2 LOW 
D-2 LOW 
D-2 LOO 
U-2 LOW 
D-2 LOW 
:J-2 LOW 
u- z ;,rnrr 
D-2 LOW 
D-2 LOW 
C-2 LOW 
D-2: LOW 
D-2 LOW 
D-2 r.cw 
D-2 LOW 
D-2 LOW 
D-2 LOW 
D-2 LOW 
D-2 LOW 
o-2 r_.ow 
D-2 LOW 
:::-2 tOW 
D-~ M£0-Lc:M 
0-3 MED-LOW 
D-3 ME;)-LCW 
D- 3 IH:D- l.0\4 
D-3 M£::l-LOW 
0-3 Mf:D-L0\0 
fi-3 ME!t-LCW 
Ol-3 MED-1.£JW 
1;-3 ME!D·LOO 

L:CG 
!'<UJI!f!ER St'X 

1 06!< 
1095 
92~ 
92.3 
SS9 
925 

1204 
m 
m 

l1C6 
1055 
: (182 
i:ee 
1JHI4 
1~90 
1222 

!171 
919 

1229 
107\l 
1214 
9~5 

:o:o 
1~16 

1060 

"' :046 
1050 
::ne 
12Ci 
1196 
1139 
m 

10€6 
1089 
'n2 

131 {l 
1312 
1311 
1219 
1:3.7 
:l5B 

' ,. 
' ' ' ' ' p 
p 

' ' • 
p 

' ' • 
p 
p 

' • 
' M 

' p 

' ' ' ' F 

' ' F 

' ' ' ' F 
p 

• 
' ' ' ' 

INITIAL ALVf.CLP.R DE'P~SITION 

2 

' ) 

' ) 
5 
6 
6 

' 5 
6 

11 
11 
1l 
10 
15 
1l 
u 
1£ 
22 
17 
17 
17 
l6 

" 22 
30 
27 
ll 
29 
22 

" )8 
)6 

54 
<1 
40 
54 
58 

" " 7l 
73 

NC!;C 
:.uNG 

0.02 
c. 02 
0.03 
o.tn 
D.OJ 
O.IH 
I! • 0 ~ 
c .c~ 
0 .OS 
0.05 
0.0~ 
('.06 
3.0~ 
0.07 
0. Oil 
c .10 
0.11 
o.::r 
O.ll 
C,l2 
0.12 
,) '14 
0.:4 
O.H 
0 .16 
;) .18 
o. ?l 
o . .22 
0.22 
0.22 
0. :u, 
0. 2 s 
0.2£ 
0.27 
~ ,J: 
0. 31 
0.13 
0.14 
0.14 
~.36 
0. 4 ~ 
0, 4l 
Q. 43 

NC!/ 

" 
C,2:4 
0.19 
tL31 
0. 35 
0.32 
0,40 
0.43 
o. 55 
0.50 
C.50 
0. 60 
0. 6'l 
0,71 
o. 76 
0' 8} 
1, 07 
1. 24 
1.16 
1.19 
1.33 
1,36 
1. 55 
1.55 
1. 52 
1.77 
2.00 
2.:11 
; ,45 
2.44 
2. 4 2 
2.5~ 
) .ao 
2 .Sl 
2.92 
3.36 
J .42 
3 .64 
3.72 
3. 74 
4.00 
4.38 
4. ';() 
4. 71 

INHALATION EX?OSCFE 

WE!Gwr ACE~ 
(!(G) ;MO) 0!\TE 

B.J 
10' 5 
10.0 

&.7 
9.5 

u.s 
14.0 
:.1. 0 
12.0 
10"!) 
10.0 
16 '0 
l-'>.5 
l7 ,() 
12,0 
l4' c 
- 0. 5 
9.5 

l3. 5 
16.5 
17.5 
:1.0 
11.0 
10.5 
11.0 
n. o 
13.0 
ll. 0 
9.0 

12. () 
a. s 

lC.:J 
13 .s 
13,0 
16.0 
12.0 
11.0 
14.5 
15.5 
u.s 
10,5 
lf .o 
15 '5 

l.b.l CS/31/JJ 
16 ,;; 0!/31!73 
19.5 ''/'01'1 
19.5 ii/Jo~'72 
~s.s U/~9!72 
19,'\ ll/30172 
:7,7 n/26/14 
l9.2 12/19/72 
1a.a 12/:9/72 
15.4 05/3~/iJ 
ll:l, 3 05/31/7 3 
:a.o osnl/73 
lB,-4 02/2!/74 
17 '5 05/3:./13 
l7.3 OS/.H/7! 
:9",0 H/18/74 
19,2 12/1~/72 
UL7 1:2/19/72 
16 .a 02/26174 
:CB,l 0.'>/3l/i3 
19,3 ~4/l&/H 
19.2: lZ/l~/72 
19.1 0'2/2:2/73 
18.:2 02;'22/73 
19.3 1}4/18/74 
17,$ 02/22/73 
19.0 12/19/72 
Hl.l 02/22/H 
HI.J 0:2/2:<!73 
19,0 05/3i/73 
17.6 02/2£/74 
17.9 o:?/26/74 
20,0 04/11'!/74 
19,2 11/30/72 
l!L3 05/31/73 
17.3 05/31/73 
19.? 12/19!72 
16.5 0/04/75 
18,5 03/C-'l/75 
16.5 03/04/"!5 
19,0 04/18/74 
Hl.l I)J/04/7'5 
17.7 11/06/73 

DATE 
OF 

1/F.ATH 

06/H/B:J 

12/27/72 
(:1/26/73 
0.3/05/!l1 
02./17/13 

Ol/C4/77 

oJ/:v~:n 

H/04/79 

')S/l2/75 

:14/25/79 
l2i28/"!2 
06/:21/83 

04/01/77 
CJ/26i79 
04/fl3/78 

04/0l/H 

'* ln<licat(JS <>01!- in ;ncn~hs slrce blrt~, all ether ag(JB ate 1r. month£ sire<! eJ;posurt, 

MCNTBS s:NCE 
;NHALA'!'ION 

9/31)/83 DEATH 

124,!) 

115.1 

129,3 

124.0 

115.1 
124.0 
124.0 
113.4 

129.3 
115.1 
1?.4.0 

1::.9.3 
127.2 
121.2 
113.4 
127.2 
129,3 
: :n .2 
127.2 
124.{1 
115.1 
1_ l 5 .l 

124.0 
129.3 

118 .B 

120.8 Frccesoi:'lg 

O,if SacrHiced 
1.9 Saorific'id 

!H!.S l!i<me 'l'lliiiOr, Ftbrosat::oma 
2,'). Sacrif lced 

48,5 Sacr it: iced 

117.4 Pt;:;cessing 

78.1 Par,.,lysls, S-pinal Crd Des 

124.5 Processing 

12.8 Sacdficed 

£ (1. 2 Sacrificed 
0.9 Sanific~d 

120.7 Processing 

24,9 saccificed 
48.7 sacri:i:::ed 
37 .o Srocrificed 

24,9 Sactlficed 



DOIH>EFf'.EC': STUDIES W:TH tNHII.LE:D ?U-B!l OXIDE. TN £\EAGLES 

JNITIAL -"L'<lEOLi'R CEPOS!'!'!ON !NHALATlON D:.POSURS ~ONTHS SiNCE 
____________ M ___ ---

. ._ ______ --------.-··---------- DATE lNHALATlOl'.t 

OOG NCl/G NC/ WEIGHT l1CE* Of --------------
OOS£ GROCP N:J.Mflf.E "' NC LUNG NC (KG: \KO) DATE DZ.A:Y 9/3D/f!J DEA':'E COMMENTS ON DF!AD """' -------- -------- -------- -------------------------------------------

D-3 KED-I,OW 1166 H 76 0.41 ~. 75 :e.c 1i. 3 11/Jfi/73 :.:s.a 
D-3 -"!ED-LOW J_)i]':J H 60 0.44 4.SJ l z. 5 18.5 ~3/04/15 102,9 
D-3 l'l!:n-LOW 13ll! M 67 C.45 4 'gl) !3 .s 18.::. 03/04/15 03/0!J/76 12.2 Sact:ficed 

D-3 )!ED-LOW "' F 41 C.50 5' 41 1.!) 19 '2 ll/10/72 0~/25/H :. • il sacr ificf!d 

o-3 KED-LOW JJH • " [}.53 5. 79 14.5 1B .l 03/04i75 102' ~ 
N :liED-LOW 960 M " 0.54 5.9:: ll. 5 u.t 12/19/72 11/01/M 94.6 Malignant Lyt~p'lorr,a 

P-J MED-LClW 107 2 • 98 0.54 3.94 15.5 :s.: :)5/31/7) C!</22/i'-3 123.7 Pt¢Ci'<SSil'l9 

D-3 MED-LO'* 1190 F 71 0.54 5.:12 }2. c :a.1 02/25/74 lB, l 
D-3 .MEO-LOW "' H 75 :1.55 6. 00 12.5 _;_ 9. .1 11/30/72 02/20/73 3.0 sacrificed 

D-3 MEO-:.OW u:s M 90 0.55 6 '00 l?.C 18.1 03/04/75 03/31/77 24.9 Sacrificed 

D-3 KED-LOW "' M " C.58 I)' 33 12.0 19 • () 12/H/72 l :29.3 
D-3 MED-LJW 1 041) M S4 G.SJ &.72 12.5 16.2 02/'22/B {l3/J)4/Sl 9£ ·" Parathyroid Adeno11><1 

o-3 MED~!-OW 1CS9 ' 71 0.65 7 .10 10.0 l7 .e O:l:/22/73 M/1)8/81 125.5 Prcce.ssi"\9 

D-3 MED-LOW 1319 • " 0.67 LJJ 13.5 1&.1 j}/tl4/75 :13/09/75 12.2 Siler if iced 

G-3 !!EO-LOW 1108 F 34 0.69 7,64 :1.0 16.4 05/31/7.3 :24,0 
:J-3 MED-LOW lCDD ,. 70 o. 71 7. 78 '-0 :e. 1 12/19/72 12!11. 3 
D-3 Jo!BD-:.ow lC56 " " c. 71 7 '16 12.5 17.9 02/12/73 127.2 
D-3 !1ED~UJW 1004 M 116 C.73 8. 0() 14.5 l'J ,6 01!18/73 128,4 
D-3 MED-t.Ofo' 1026 M ll6 e. 78 9.59 ::.. s 1 'il. 2 01/1&/73 "!_2:8.4 

Q D-3 JIED-l.OW 1043 ' " c ,B 9 9 .so l 0. 0 18 'l 02/2<!/75 09/2l/8~ 102.9 Err.pyema, p • T. ' C;;stling's 
~ 

D-3 HED~f,QW 1CJl F 76 0. 92 1C.B 7 • .5 19.1 02/22/73 127 '2 
D-> MED-LDW 121 2 ' Ill !.19 l3.06 s '5 17,6 ::12/26/74 115' 1 

n-• MEDIU~ 1116 H "' (! '87 9. 56 i3.5 ; 5. 5 10/06/73 119 .s 
D-4 ME:DIU.M 12:21 F 124 :.13 :2.40 10.0 :.\l .0 04/lS/74 113.4 
D-4 M!illrHI 1195 M 228 l.J!l 15,:!0 l 5. (j lS ,1 01/26/7 4 11!>.1 
D-4 J~FD111H 1C31 H 162 L4C 15.43 10.5 16 '3 11/30/72 12/08/72 0.3 Sacrificed 
D-4 Met! TUM Hl53 F "' 1,42 15 .Sil 9.5 17.9 02:/22/73 l].7.2 
D-4 MEDIUM 397 • 20J 1.60 17.65 11.5 19.6 Ol/18/13 l26. 4 
D-4 M£U1UM "' F "' l. 76 19.40 10. {I 18.8 12/19/72 06/20/&1 126.0 Proceosir:g 
0-4 MEDIUM 1117 M "' l.I6 19' .:01 l3 .5 15.6 11/06/73 118 .s 
0-4 l'IEDIUM "' F m :. 79 :9.64 11.0 1!1.~ 11/30/72 01/25/13 1.8 Sa:::rit iced 
D-4 MEDlU!o! 1103 ' 260 ~.ll'l Ht ,eo 12.5 16.5 05/31/73 04/0S/83 ll8 .2 ProCe$111nq 
D-4 MEDIUM 973 ? 271 2.24 24.64 1:.o 19' 2 12/19/72 129.3 
D-4 MEDIUM 931 F m 2.39 26.27 :_;_.o 19' 1 11/:)ll/12 12/28/72 ,., Sacri~iced 

0-4 MEDIUM 1091 r 243 t-.60 2lL~9 8. 5 17.3 05/31/73 124.0 
D-4 HEDIOM 1114 M "' 2. 70 29.6& l 4. ~ 16.4 05/]1/73 124,0 
D-4 MEOlUM 1062 M m 2.93 12.:02 13.5 17 .s (!2/22/73 127.2 
D-4 MEOlUM 934 M '" 3.06 3.3.63 13,5 H.~ ll/30/72 03/01/73 3.0 Sl!lCt.!fiCi'<d 
D-4 MEDIUM 1081 M 341 ).()"J 33.61 16.G :s.o 05/31/73 01/lS/80 79.6 He~mny1osarcoma, Ht.art: 
D-4 MEDIUM 1030 ' 340 .3,25 35.79 9.5 _;_g .l 02/22/B 04/14/83 ta, 7 pg)C<;!SSing 
D-4 P'IEDt!JM 119!! " m 3.50 3!L50 14.0 17.9 Q;.'/26/74 115 .l 
D-4 M£DIUM '" ' 365 l.6'f 40.55 9,0 19' 2 12/19/72 06/0"1/83 l 25.4 PrCC('!!Sing 
D-4 M£Dilll'l 1156 M 673 4.08 44,&7 1 5. () 17.3 11/llii-/7 3 lHI.S 

• le'ldicate,s .,. io rtonths sir:ce birth, ell ott:"r age!! "' in rronths sine~ ewpr:sure. 



OOS£ GROOP 

0~4 MEDIUM 
D-4 MEDIUM 
D-4 ME:OlCM 
0-5 !(EO-HIGH 
0-5 HSD-HIGH 
D-5 MEO-HI::';H 
D-5 HJ!:P~HTGIJ 
D-5 M£0-HWH 
0-5 M£D-EtGH 
D-5 MEO-Il!Cll 
0~5 H£D-ti.:OB 
0-5 I!.ED-IllOfl 
O-S .IIIW-lliGH 
0-5 MEO-HIGH 
D-5 MED-IJIGR 
0-5 M£0-H.::GH 
D-5 KED-HI:..Il 
D-S MED-HIGH 
D-5 MED-It!Gil 
tH\ MEO-E!GH 
0-5 MEO-IUGI1 
D-5 KFO-H!GH 
0-5 MtO-HIGH 
D-6 111(>!1 
D-6 P!(>jl 
D-6 !UGH 
D-6 UlGH 
0-6 lllGH 
0-6 ll!Glt 
D-6 E:CR 
D-6 H~Cif 

D-6 HIGH 
D-6 HIGH 
D-6 111GH 
D-6 lllCH 
D-6 H:GH 

DOG 
tlUMSP..<! SEX 

122(] 

"' 'Hl1 
1191 
;_: )7 

1{)35 
lJ 92 
lHO 
HPl 
~.:. 73 
1178 
!047 
l1C9 
1150 
.:. 211 
1096 
1218 
1092 
1027 
_115 

974 
1079 
10:'>9 
1002 
- ;157 
1 0() 9 
1042 

'" l006 
975 

~J3'7 

1H3 
:ns 
1064 
116;;> 
1175 

' .. 
" .. 
• 
F .. 
" ' " ' " f 
f 

' F 

' M 
M 
? 
F 
M 
f 
M 

' " ' ? 

' f 
" M 

" M 

' F 

OOS£-E:ri'ECT STUDIES Wl'l'H :UHAL£D ?t'-2:18 OXIDE IN BEAGLES 

!N!TIAL ALVEOLAE D£l'OSI':'"ON 

NCf 

s:s 
$55. 
m 
sn 
700 
57l 
7 54 

1014 
1269 
H23 
112!> 

''" UH 
!34<1 
1764 
:476 

1S4S 
2l4S 
lBB'!\ 
1718 
2620 
UlCJ 
2907 
311& 
3530 
2959 
H53 
38HI 
3958 
4&:.4 
1691 
!l479 
9453 
fj959 
5201 

Ncr/G 
::.oNG 

4.28 
4.39 
4. 67 
4.48 
4. 71 
5.46 
£.53 
E .SS 
6.79 
7. 75 
e.s:: 
8 .c: 
a .85 

1C .18 
11.06 
12.20 
l2.9S 
13.44 
l3. 95 
14-. 'lC 
15.62 
15.88 
l6,Sl 
18 ,88 
2C.9H 
26.4[\ 
28,H 
3LH 
31 • 4 9 
36.C7 
4¢.13 
53.78 
57 • ; :J 
63.66 
70.2!1 
75,1£ 

~lCli 
KG 

47.09 
46.26 
51.42 
49.25 
5~.85 
6 0. J l 
71.81 
72.43 
14.65 
85.2 5 
'<3 • ., 5 
94.74 
':}? .JC 

1:2.oc 
l2l.66 
134.HJ 
!42.50 
147.64 
l53.4J 
163.9.:. 
111.80 
174.67 
1$1,(;2 
207,64 
no.s: 
290.4~ 
3:_~.47 
345,):1 
H6,JS 
396 .so 
4.!!5.4J 
:'>91.62 
62S.C·7 
iOO .22 
773.22 
S26 .BO 

INEALA':'!O'N f-XPOSJP£ 

WEIGHT AGE" 
(KG) :Me) !::ATE 

lLO 
:1.s 
12.t 
12.0 
13 • 5 

9. ~ 
: J.;, 
14.0 
! 7. 0 
12.(j 
12.0 

9 '5 
1:.:. 
12. I) 
H.5 
11.0 
:2 ,() 
12. 5 
14.0 
1:...:. 
HLO 
15 .c 
l 0. 5 
14.0 
13.:. 
12. j 

"' 10 ':) 
11.0 
: :J. 0 
10.0 
13 .0 
l3. 5 
l3. 5 

3.0 
7. 5 

19.0 04/l'.l/74 
16.8 i2/l9/72 
19.0 ~2/19/72 
l!L8 04/lS/74 
17.7 11/06/73 
1&.2 02/:12/?3 
Hl.l 02/2fi/74 
lS.2 11/06/73 
18.1 05;'31/73 
17,3 ll/06/73 
:6.6 11/06/73 
lS.: 02!22/73 
16,4 05/31/7:' 
:7,3 11/06!73 
17.6 02/26/74 
16.6 05/31/73 
l/.1 021<6/74 
17.3 05/31!73 
19,2 iH/18/73 
16.1 05/:l:l/7) 
2().. 2 01/113/73 
:s.o 05/31/73 
17,8 32/22/1'$ 
19.£ 01/11)/73 
17.9 02/22!73 
19.6 Cli18/'!3 
iB.! 02/12/73 
19.6 01/18/73 
19,{. Ol/18/73 
20.2 01/18/73 
l!J. 2 C2/22/7J 
lS.2 11/0€/73 
19.2 01/18/73 
16.7 Ol/lB/73 
l7 .3 11/G€/73. 
16.6 t:/06/B 

DJI.TE 
or 

DEATH 

03/2:/77 

OJ/29/63 
12/14/b: 
t·!/1!1/Sl 
02/09/82 
Cl/06/83 
Hl/OS/82 
CS/06/80 
C'9/22/!l: 
OS/17/$2 
05/06/78 
04/24/81 
Hl/23/78 
l2/Cl/7S 
07/11/78 
05/24/78 
02/12/78 
!_1/0:.;'79 
o:/:Cl/SO 
0)/~"1/79 
c 4/01/1fi 
l:/'C.:l/78 
07/04/76 
D:/18/79 
Oi/25/78 
!_1/21/76 
:2/05/77 
(J3fl1 /77 
04/14/7:' 
12/lS/76 
[)2/24/7$ 

!'IGN'UIS SINCE 
!NHI\LAT!ON 

9/30/83 DEAT'R 

113.4 
129.3 
~ 29.3 

111!:.8 
127.2 

3S.l 

109.0 
97.2 
'H, j 
99 '1 

110,0 
115.4 

S6 .2 
94.5 
911.6 
.59.2 
85.9 
64.8 
70.4 
6~ .3 
64.1 
56.4 
60.3 
64-l 
72.4 
62.4 
68.6 
41.5 
n.o 
6$.2 
68.9 
49 .0 
49.9 
50.8 
51.4 
~1.6 

COMM£NTS ON D£AD DOGS 

lrterstitia1 Pneumonitis 

Bone TUillCt 
Bone Turr,er 
Bone Tumor, Lunq TJmot 
Sor.e TU!llOt 
Bone ~nor, Lung Tumor 
Vertebn1l ::isk Hernlat·lnn 
Bone ' Lng Tmr, kddiscr.'s 
!'!nne Tumor, Lunt;; 'l:' .. m.or 
Bone 'rumor 
Addison's nisease 
Uone 'l'u:mor 
Bone Tti!riH 
Bone Turoor, LUng Tc~:r.or 

Bor,;;; Tumor 
Bone Tumor 
Addison's, 3,1, ~u~or 
Bone Tu~or, ACrenal ':'umcr 
'!lone Tumor, Lung Tumor 
l:!one TJmor 
k.-"19 Tmr, Osteoarth:opathy 
'Bone Turror, !.unt;; T1:.r.oor 
Addison's Disease 
Bone Tumor, tung rumor 
Bone Tumor, lung Tumor 
Ucne Tu:nor 
lbne Tumor, J.ung ':'umor 
L-.1119 Tumor 
Bone Tur:un, :.Unq ':'umor 
Bone Tu~or, Addison's 
r.ung ':'ultiiH 



nmA::..so P'::.IJ':'ONHTM N:'l"RAT£ tN DOGS 

:NITlM ALVf:OLAR ~!';POST'rlDN lNHALA't'tON SXPDSURF 1'\0N':'ES SINCE 

----------------~------·-·- - -------------------· Di'.':'E lNfil\LATICN 

OOG NCJ/G NCl/ WEIGHT AGE'"' cc -------··-~----

OOSE GROUP lWM9tR SEX NC! ~UNG FG (KG) iMl VA.l'E OFATfl ~/){.1/83 DEA':'E C'OI'IMJ::.TS ON OEAD DOC' 
-------- -------- -------- -------------------------------------------

CONTROL 135(, ' c D,Ofl 0.00 .:..12. 7"' 

CO"til'ROL 1165 N c 0.0{1 0 '00 l12.E" 

CON':."ROL D7G ' r o.cc 0. ~0 o ~I :vau 70 ,$* Pne'.l!"Onia 
CON'l'ltt.lL BBB N r t .co (l, 00 09/l.:../Bl 66. , .. Sacdfic~d 

CO!M'ltot 1393 N c G. 00 l).OO :: L 3* 

CC lft'll.OL 1405 ' c 0.00 o.oo 110.9• 

COt."TI\01, 1409 ' 0 (l.OO o.o:t 11 o .s• 
CONTROl. 1418 M ' (l,i)(i 0.00 11 o, s• 
CON'rROL 1475 M 0 v.ov 0. 00 CS/02/82 96.5* St-atus E.pileptiCJ.:I'l 

CON''riWL 1450 ' G 0 .cc 0 '00 E/04/81 f\7.4* S>'~Cfi:ttr:ed 

CON'ri'!OL 1455 ' ' C.H 0.00 l()!I.S* 

OON'!'FOL 14(!3 ' 0 c.oo 0.00 lOS. 'J. • 

OONTROL 1509 ' ' 0.00 0 31C :i08.1* 

CONTROL 1516 F' c 0. co {1,0;) 101. a .. 
CONTROL 1525 " c o.oo 0,00 107 .6* 

COI<TROL 1526 ' 0 ~.00 o.oo 107.6* 

CONTROL 1528 ' 0 o.oo 0. 00 107 ,(!" 

CONTROL 1543 " 0 o.cc 0.00 106.9* 

CONTROL 15£3 ' ' o.co 0.00 96 .a~ 

- CONTROL 1571 ' 0 o.cc c.oo 96. 7* 
Q 

CONTROL 1517 M 0 0.. 0 0 o.oo 96. 7"' 

CONTROL 15!14 F 0 0.00 (1,:)0 96 ,6 ~ 

CONTROL 1594 F c 0,0-J o. 00 9€.6* 

CONTROL 16JB M 0 n.oo o.oo 96.3* 

CONTROL 1633 F c 0,00 c.oo f\9.6 .. 

cmnRot. 1638 ' ' n.co o.oc 119. 3* 

Vf:HlCL£ 1361 N 0 Q. G 0 c .co "' 21.0 C2/l3/76 n.s 
VEfi!CU: 13111 

,, 
' 0. 00 0.00 9.5 HI .a 02/13/76 91. s 

VEfllCI_€ ::392 " Q o.oo 0.00 13 .o 22 .o fJ4/~2/76 89.3 
V£!HCLE 1406 ' Q 0.{10 o.oo 13. 'j 21.6 04/22/715 89.3 
Vf:3ICU Hl2 " ' 0. :JO c.oa "' 19.0 G2/lJ/'J6 91. ~ 

lff:iUCLE 144'1 " 0 0.00 0 .00 n.o 23.3 06/2)/76 8?.2 
VEHICLE 1457 F 0 o.co 0 ,oo li ,0 20.6 04/22/76 i'l9.} 
VEll!Ct.t: 1491 F 0 o.co 0 ,(;1) "' 21.6 06/23/76 ll7 .2 
VEHICLE 1504 ' 0 o.oo o.co l 0. 0 2C.9 06/:?3/H 67.2 
V&lllCL£ 1514 ' 0 0,00 o.oo 14.0 2C .9 06/23/76 CB/06/82 73.4 !';alignant LyMphoma 
VEKICLC :524 " c 0. OD 0.00 12.C 21.5 07/27/!f:; 86 .1 

VEIHCL£ ISH r c 0 .0:) O.OG 9.C 20.9 07/27/76 JJ 6 .l 
VEHICLE: 1542 " c 0,00 c.oo 12.0 2C.8 01/11/lf> 86.1 
VEHICLE 1 S66 " 0 o.oo I). 00 a.o 18.3 03!:-5/"17 78.5 

V£!UCL£ ).57!1 ' 0 0.&0 0.00 10.5 18.2 03/:5/77 78.5 

VEHICLE 159) F 0 (),(!) o.oo }1,0 lf!.C :J3/15/"17 79.5 

Vt:l'IJC!.£ l6{ll r 0 o.oa c.oo 6 • ~ lS.O 03/1 '>/11 78.5 

' Indicates ,,. '" l0Cll'_th5 sir.ce Pi rt.h, •ll other age a "' '" rro:~ths ¥-:r.ce cxp<Hiare. 



INHA':.E~ :PLIJTC~:UM I<!TRAI'£ lN OOGS 

INITIAL ldNEOLAi\ ~EPCSI7'ION INHAtA'!'lOf! EXFCSllRE MON'I'HS SINCE 
------··---------~-- -------- --····-----------. ---- Di\':.'E INHALATION 

bOO N::-J/G NCl/ IH:JGHT AGE"' " --------------
DOSE Gl<CtlP NUMO:&R m NCJ LUNG " :rc: (MO) OJ.TE DEJI.'!'H 9/30/fJ.J DFP.':"H OOMKE:N'J'S ON D£AO """ ---~-~------------ --·· ----- _____ .. __ 

-------- -------.... ______ ----------
VflllCLE 1620 ' D t .co c • 0 (J .1 2 • () 2:,! 12/01/77 69.9 
VEHICLE 1634 ' ' 0 .co o.co l 0. 5 1 !).6 12/01/77 69,9 
VEIHCLE 1651 ' ' 0. Q() o.cc 1 LU 1!<,2 J-2/0l/77 69.9 

D-1 LOWEST 1416 " ' 0' 00 o.oc ! 2. 0 22,1 0Sj20/76 ea.; 
n-1 LOWEST ! 45$ 1 ' o.oc 0.00 l o. 5 21.5 05/20/76 08.3 
D-1 Ul~£ST H89 ' ' 0.00 O.OD 8.C 20.5 05/70/"1(• sa.J 
D-1 LOWEST 150: ' 0 c.oo 0.00 H.C 2:1.4 O'.i/20/76 83.3 
,_1 LOWf:ST 1515 ' D c ,co c.oo l3. 5 .:_".a O!i/20/76 0?.3 
D-1 LOWEST 1573 ' 0 () . c 0 c. co :1.5 19.4 04/19/77 77.4 
0-1 L{J\o;£ST 1581 M 0 o.oc o.cc 16.5 l 'L 3 04/19/77 ii. 4 
b-1 LO'I'E(;l' l59f; M ' 0.00 o.oc 14.0 19.2 04/19/77 77.4 
D-1 LOWEST 16{l(l ? l 0.01 0.11 1.!.. 0 ;,!),:: 04/19/17 77,4 
n-1 LOWEST 1603 M 1 tl.tH () .12 14.0 19.2 04/19/17 11 .4 
:l-1 LOWEST lJ39 f 2 0,02 0,22 '·' 11.5 lC/16/15 11/13/75 '"' Sac:o if iced 
D-1 LOWEST 1519 M ' 0.02 o .1 a 12.5 l9.S 05/1()/76 66.3 
o-1 LOW£$~ 157\1 ' ' C.01 c .1 7 :0.5 .:. 9.4 o 4/19/ n 77.4 
0-1 LOWE:ST 1465 F ' 0.03 (), 15 11. J 2:.0 05/20/76 68.3 
D-1 LOWEST 147C f 1 0.03 c.n HI, 5 21.0 05/10/76 f!S. 3 
D-1 LOWEST 1507 M ' 0, OJ 0.32 14.0 19,8 05/20!76 88,1 
D-1 LOWES 'I' 1592 ' ' 0,03 0.29 : 3..5 19' 2 04/19i77 77.4 
D-1 LOWEST 1607 M 5 O.OJ O.J 5 :1.0 19' 3 C4/19/77 r!.4 
n-1 LOWEST l3JS M 5 0' Q{ 0. 42 11.5 18 .o lG/16/75 11/13/75 u S~cr ifie<!d 
D-1 LOWEST 1487 ' ' c .0 ~ c '46 13.0 2(1.5 05/20}1'6 Sil,J 
D-l I.ow'EST 1583 r • (). c 4 C ,4C ,., l'ol ,2 04/19/77 ?1,4 
D-1 LOWEST 1351 M 7 1). OE 0.6: :Cl. 0 17.2 10/16/75 11/lJ/75 G.9 sacrifiCEd 
D-l LOWEST 1565 F ' 0.06 0.67 ll.5 19.4 04/19/77 77.4 
D-2 LDW 151) M ' :1.00 c.oc 11. ~ 19 .a 05/20/76 88.3 
U-2 LOW 15:20 M l n.:n G .12 1 0. 5 19 '5 CS/20/76 88.3 
0 .. 2 LOW 1415 M 2 0 '02 O.:<.(l 1:.s 22.2 05/20/76 !1!l,1 
n-2 um 1575 M ) C,C1 0 ,19 14.0 19.4 04/1'1/77 77. t. 
0-2 LOW 1466 F 5 C.CJ 0 • 3 7 14.0 :n.o 05/20/?6 il$,3 
o-2 lCW 1606 ? 5 O.IH C.42 12.5 19 '(j 04/19/77 77 .f. 
D-2 "'" 1579 M ' 0, OS 0. ~9 14. ~ 19.3 04/H/77 77.4 
0-2 LOW 1590 F ' 0. 05 0.51 12. ~ 19.2 04/H/77 77.4 
P-2 LOW 15!15 F ' 0.06 0.63 :2 ,(} 19.2 04/19/77 77,4 
0-2 LOW 15110 ' ' 0,07 C,82 ~ 1.0 1 9. 3 04/19/77 77' 4 
D-2 "'"' 1591 M ll 0' tl1 0.76 15.0 19.2 C4/l9}77 77.4 
D-2 cow 1417 M 11 c.oe 0.89 1:2,0 22.1 05/2C/76 138.3 
0-2 LOW 1423 M 10 (),OS C.S7 11.0 22' 1 05/2C/76 lHL3 ,_, LOW :567 ' 10 o.oa C,I!J l2 .1 1 'L 4 04/19/77 77,4 
o-2 UY, i472 ' 10 0. 0'1 LfH 10' J 2l.C 05/20/76 SS.3 
D-1 L:Y• 150} •• ' :) • 0 g 1.03 8 '5 1!1.8 O'i/20/76 ea,3 
D-2 LOW 1&02 M ·s 0. J9 1.0:< >1' 5 19.2 04/19/17 77.4 

• Indicates age io :ncr:tt:s SinCe birth, <Ill Otl:'Jft ages a<e io II'Q"Iths sincl;' +"PO::>uce, 



INHALE;;: ?U.lTOI'itUM Nl:'P/\7£ xs OOG' 

TN;TtliL ALVfOLA?. !>!iPOSlTlON lNhALATlON EX?OSIJR!i MOt<'THS SINCS 
·------------------ ------ -------------------- DATE INH.ALA'l'!ON 

uoo NCI/C NC:/ Wf:lGli'l' AGE* OF --------------
ooss GMUF NUJISER "' NCl L'J~G '0 (KG) nm: OAT£ DP.A.':'H 9/30/83 D3ATH COMMENTS "" OIWJ DOGS 

-------- ------~- -------- ------------------~-----· ------------------
D-2 ""' 1484 F ll a .10 l.:Jfl 1 (). c 20.5 C~/1.0/76 8fL2 

n-2 now 1599 r lC 0 ,1 0 Ll4 "' 19.2 04/19/17 77.4 
D-2 cow 1490 F 16 ~ .15 1.65 9.5 :w.s 05/20/76 IHI.l 
::-3 MED-LOW 1336 • " 0.14 1.52 13.5 18 .0 lC/H/75 ll/13/75 0. 9 Sact·ifieed ,_, MED-LI;Xoi 1341 F l9 fJ.H l. 78 J_(l,S 17.2 1C/:06/75 ll/U/75 0,9 sacrificf!d 

o-1 MED-LOW 16C5 r " 0.2C 2 .19 ll. ~ 17,8 iD/15/77 03/24/82 6 0.:; Sa<:rificood 
0-l !'\ED-LOW 1386 ' " 0.2: 2.36 14.~ :P.C 04/10/76 89.3 
0-) J!ED~ LOW 13!'!9 ' " 0.23 2.5 4 10.5 21.9 04/10/H 05/04/"'16 o. 5 Snetificed 
D·l MEO-LOW HJ3 ' " 0.24 2.63 11. c IS.2 Cl/2C/76 92.3 
D-3 M£1>-t.OW lU'\ ,. )4 0. 24 2.60 13 ,t) 2:0.0 04/ZQ/76 05/0Sj?!': 0.5 Sacrificr.e: 
o-3 MED-LOW 156\< " " 0.29 J .17 14.5 HL3 CJ/15/77 78.5 
D-3 M[D-LOW 1595 ' " 0. 29 3.23 15,5 18.0 C3/15/7J 'lll,S 
n-3 MED-LOW 1390 ' 43 a •. 1o 3.29 1:! .n :H .9 04/20/76 05/!:4/76 C·. 5 sa.c;riflccd 
!:-3 MED-!,OW 1391 ' " (1.30 3.26 J6.5 21.9 04/20/7? 89.3 
:::~3 MED-LOW: 1567 ' 53 !) • 31 L4C 15. s 18.1 03/7..5/77 ?S.S 
o-J NED-LOW: 1359 ' 50 0,32 1. 57 14.0 20 '2 Ol/20/76 Cl/23/71;) 0,1 Sact"ificed 
f)-) Mf:U-LI;Xoi 154C ' !.\4 O.J~ 3. Sl 15.~ 20.7 07/22./76 !Hi .J 

o-J MFU-J..(M 1344 r H 0. :l-3 J. 6(! ll. 5 17. z 10/16/15 H/l4/75 l.O Sacrificfld 
o-J !"irD-LOW 151.19 r H o. ?.4 3.75 11.0 lB.O CJ/15/T? 06/06/IP 6:LI;! Sacdfieed, Lun9 TUlliO r 

~ 
D-l ME:J-LOW 15!1!1 " 50 O.J6 3.9S u.s .:_s.l I.H/15/77 03/22/78 .:_;;:.:: Sacrifi<:e:i 
0-3 pu:o- r,ow 1529 ' " J.J7 4.&8 10.5 1:0.5 1;1/22/76 ~C/19/7~ "' Saerifi?:ecd 
0-3 P'!Bil-LOW :574 ' 46 0. 3.'l 4.21 ll.C 18.2 C3/15/i7 78.5 
D-3 HED-LOW 1}75 F " 0 '4:1 4. 35 1:.5 19.1 Ul/20/'16 01/ZJ/16 0.1 Sacri!'iced 
0-3 MED-LOW 156 4 ' 40 0. 40 4.44 '·' l6 .3 03/15/77 03/40/76 11.2 Sa::rifl~fld 

0-3 HEO-LCM 1444 r 49 0.41 4. 50 11.0 21.0 04/20/76 S9.3 
o-l l!t;D-LOW 1439 r 5J 1). 42 4. 61 ll. ~ 21 • 0 04/2J/7f 89.3 

o-J !(ED-LOW 1523 F ss 0.42 4 .(i J l2.C 21.3 37/22/76 !l6 • 3. 
P-l !'!ED-LOW 1 SJ9 ' " 0.4: 4.99 u.n 20. i :;nnun l0/20/76 3.0 Saetifl::ee 
H MED-f>OW ntw ' 0 0.46 S,Pb 12. 5 :9.: Cl/20/76 91,1 
<H MEO-t.OW 1407 F :;o ;) • :, l 5.51} "' .:_s,5 Cl/20/76 01/23/78 C.! SMtificed 
o-1 MED-LCIW 1589 r " i). 53 5.81 10,0 :s .2 03/:5/77 78.5 

o-J liED-LOW 15"'16 M " 0.5) 5.86 12.0 l!!. z 03/15/77 tl)/17/82 60.1 SacriHcf:d 
n-s l'!ED-J,OW 2.5!12 ' 57 0. 54 5,96 9.5 16.1 03/15/77 'Ia '5 
O-J MEO-LOW :..571 F " 0. 57 6.72 :I.tl 18 • 2 OJ/15/77 03/21/78 12.:2 Saocrifl<:td 
O-J MED~LOW 1427 r " :) .62. 6 .81 .:.o.c 21.1 04/23/76 89 -~ 
o-3 MED-WW 1521 F " n, n 7. 73 10.1) 2::.) 07/22/76 :3/Hl/76 2.9 Sacrif<.ced 
o-1 Ml!'O-t.<JW 1363 • " 0.74 6 ,Q ~ 10.5- 20.2 ?1/20/76 92.3 
0-3 MFD-1~ 1604 ' 85 0.74 8.10 10.5 18.\l 03/15/77 78,5 
D-3 J!!!O~WW 1530 F " 0.76 s. 4:: u 20 .$ {!7/:<:2/76 M.3 
D-3 M!:lO~LDW 1458 F n O.H 8.68 7 • 0 2~.5 04/Z0/1$ 89.3 
D-3 Mt:U~r..ow 1598 F " J.(l6 ::.1.65 '.o 1!!.0 03/15/77 03/10/82 59.3 San ificed 
L-3 Jf!:O-LOW 1422 r " 1.12 :17..35 '·' liLl 0~/20/76 92 ,) 
0-4 P'IEDIIJH 1637 ' m l. 45 l5.9!r ~ 2.0 18.9 : l/07/77 7C.7 

• Indicates aga ia months since birth, "' ether l'I<J•Hl "' i:'l 1110ntns since ~;;xpD!mre. 



t NHAL£:: PLl1':'0N:OM ~1'1'0':;\':'E " DOGS 

:tUT1AL 1\:...VEOLAR :::eros;:-ro:. INHALA':'!O~ EXPOSURE H:JN':'HS SINCE 
-~----------------~-------- ··----------~ DATE INffl\Lt.TlON 

DOG NC!/G !<CI/ WElGflT A<;E<> " --------~ ---·--
DOSE GFOCP X1Ke£R m !KI :..UNG KG (YG) om~ OA':'E DEATH 9/30/$3 ~EATH COMMENTS ON DEAD OOG' --------- ··-------- -------- -------- -------- -------------------------

D-4 H£P:U!'I: ~ 404 K 260 .:.,4$ 16.25 lti-0 21.5 C4/IC/It> 89 .J 
n-4 HED1UM l52:C ' 201 :.49 16.37 12.5 21.3 1)7 /22/76 86.3 
n-4 MEDIUM 1656 K 211 :.54 16 .90 12.5 HL4 11/07/77 7>).7 
0-4 MEDIUM. 1379 • 278 l.H 19.1& 14.5 19.1 01/20/76 9:<..:! 
0-4 MEDIU/11 1362 • "' 1.87 Jt .54 1} ,(I :w' 2 ~1/20/76 92.3 
0-4 MEDill/11 1639 ' "' 2 ,(l ~ n.st ll.:J liJ. 5 ll/07/77 70.7 
D-4 KEDlllM 1647 • m 2. 0 ~ n. s& 11.0 l8 .5 ll/07/17 70.7 
D-4 MEDl\:M 1640 ' 3C7 2. 06 22.71 D.S 18.5 11/07/77 70.7 
n-4 M!:OIIJM .:.645 ' 257 2.13 23.39 :.L 0. lB .5 ll/C!/77 7C. 7 
o-4 MEIHI:It!. 1534 ' 295 ? ,14 2337 :.1,;; 20.8 01/'i.?/76 &6.3 
D-4 MEDIOM 14!' ? 23 :i 2. }5 25.66 ; .0 18.2 (ol/20/76 92.3 
n-4 MEO:QM Hi:ll ' 277 2.<10 2.6. 36 l 0.:, 2().3 11/':JifT! j(). 7 
:>-4 MEOlUM 1385 " m 2.42 26.63 14.0 19 .o Ol/20/76 92.3 
:>-4 MEDIUM. 1408 r 3'" ~- 2.62 28. )7 11.5 lf!. 5 01/20/7£ ':12 .3 
H MEDIUM. H2fi- ' na 3.12 14.36 11.0 :n,r C4/20/i6 89.J 
0-4 M.£DIUI'I 1535 ' 3:45 3 .13 H.4a 10' 3 '}0.7 07/22/76 86.3 
P-4 KEOIIJM 1<14-6 r 354 3 '22 J5.40 10.0 :;n. 0 C4/2G/76 89 .3 
D-4 ME:Olt'M 1364 M 463 3 '2 4 35.65 13.0 2C .2 01/ZC/76 92.~ 
o-4 MP.D!UM l]87 r 345 4.48 49.30 .... 0 19.C 01/20/76 OS 13/80 54.8 Bone l'Ulll<'l r 
D-1 I'IIW-hJJ;H l129 ' 363 7. 30 36.27 1(). a 18.0 Hl/16/75 H 14/75 1.0 $Jocr i fic<;:d w o-5 M£0-lHGH ;H€ • "' 4.42 4!3.:-9 n.5 17. i >J/16/75 11 14/75 1.3 Sacri!ice<d 
0-5 l"lED-HIGH H4B M 811 5.90 64.90 12.5 18.5 ll/lJ7/!7 70.7 
D-5 MED-H:Gi:l 1347 ' '"' 6.95 76,47 9.0 17 • ~ J\l/lf>/75 U/14/75 1,0 Sacrificed 
P-5 Mf:D-H1GH H59 ' "' 7. 20 19.22: 12.5 1(1 • 3 11/07/77 7 J • 'I 
n-; Mt.D-HIGO 1636 ' 12:2 B .48 9J .25 lJ '(I 18.9 lC../07/17 05/03/83 65.8 Bone 7umot 
H M.Et<-f!I0H 1621 ' UH 8.66 95.2.6 14 .o 10.3 ~:/07/77 7 0. 7 
D-5 JoiEO-HlGll lf4~ ' lC£1 8. n jl6 .45 11.0 18.5 l:/07/77 ll/ll/82 £0.: '2¢r:e 'l'lH'IOt 
D-5 KED-IIlGli H1s M 1176 9.62 :35.85 13.0 13.2 Ci'i/21/76 05/29/Bl 59.2 Ben~ 'l'\.1l:l0(. Lung Tumor 
D-5 MED-H!GH l t41 K l~~"' 9.6( ~~6.24 12,0 18.5 11/07/77 70.7 "'~ D-5 1'1£0-HICE :<i£0 "· 1518 10.22 112.41 13.5 Hi • j 11/07/77 70,7 
D-5 F.£0-fllGff :~OS • 1716 l c. 7E 1HLJ7 14,5 20.9 Q{)/2J/!5 01/24/SC 43 '3 anne ':'t:mot 
D-5 M£tl-!l1Gll H55 ' 1094 : l.OS ~21.5<) '"' 16.4 :1/07/77 70.7 
0•5 MED-H:::;H 1652 F D20 l2 .DC :3~.95 lC .C 18.4 H/07/77 07/20/83 68.4 !:lone Tumor, r.onq ':umor 
D-5 MED-H:GH ~619 ? H9CI l2' 32 lH,5o 11.0 2G .2 11/07/77 01/21/83 62.5 Bone Tumor n-s F.EO-RIGff l5l2 " 24ll 14.~1 1Hl, 71 ] s. () 20.9 06/23/76 12/23/79 42,J Eon"" 'l'JJ!\Qt n-s MEO-Ill<lft 1419 " 1559 14.92 164.ll 9.5 23.3 ()5/23/76 10/21/82 76.0 Bon~ 'l."'.~rrvr, Lung Tumor 
D-5 1'1£0-HlGH H~S r 2018 16.68 123.45 lLO 21.5 06/23/76 04/09/82 69.5 Bone '1'\.!mor, Lung ':"urnor 
D-5 lo!£0-HTGH 1502 ' 3008 2C.;>S 221.80 u.s .20.9 06/2}/'/fJ Oli21/81 55.0 Bone Turro::. Lung Tumor 
D-5 F.£0-hiCI'. :485 r 1Hc :::.18 233,00 lC.O 2~. 1 06/23/76 12/30/1!0 54.2 bon~ Tumor 
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IN 1'1 11\L ALVEOLAR Df:PCSl'UON lNlll\LATlQN EX?OS:;RE I'!Oi'l'l'HS SI~C£ ------- ---------··----- ··---- -------------------- DAT!:: INHALAT!CN 
COG NCI;:3 NCI/ W!:'IGHT AGf:" OF --------------

DOSE GRO"JP NUMBER SEX "C! LUNG " if:G) IMO) Dr<TE DE A Til 9/30/0 ::lEATH COI'li!ENTS ON DEAD ooos ---------------·--- -------- -------- -------- ----------··-------------
0-6 H!GH 1420 M 3840 JC .J6 333,91 : l. 5 23.3 06/23/76 07/12/78 24.6 Radiation Pne\lmonitis 
o-6 HIGH '-511 ' 5lS5 49 .62 545. 75> q. ~ 20.6 06(21/76 ll/02./77 Hi. 3 Radiation PneuJI'Ioni tia 
o-6 HIGH :51() ' $9!59 S5,{)9 506,C2 i 1 '') 20.9 J6/23/7E H/C9/i7 16.5 PaC:ia:::.ion Pneumonitis 
o-6 HIGH :4H M 7H!l 6S.B3 7€8.12 :0.0 H.2 06.n3/76 IJ!l/31/77 14.3 Radiation PnE<umonitie 

* Indicates a9c in lr_ontbs ti~ce birth, all otL(tt age-s ar4 ir, nonths since exj,Xll';ure. 
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