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PREFACE

This 1983 annual report from Pacific Northwest Laboratory {PNL} 1o the Departmeant of
Energy {DOL} describes research in environment, health, and safety conducted during
Hscal vear 1983, The report again consists of five paris, each in a separate volume,

The five parts of the report are oriented to particular segments of our program. Parts
te 4 report on research performed for the DOE Office of Health and Environmental
Research in the Office of Energy Research, Part 5 reports progress on ali research per-
formed for the Assistant Secretary for Environmental Protestion, Safety and Emergency
Preparedness, tn some instances, the volumes report on research funded by other DOE
companents or by other governmental entities under interagency agreements. Each part
corsists of project reports authored by scientists from several PNL research departments,
reflecting the multidisciplinary nature of the research effort,

The parts of the 1983 Annual Report are;

Part 1: Biomedical Sciences
Program Manager - |. F. Park 3. L. Feltor, Repart Coordinatorand
Editor

Part 2: Ecological Sciences
Prograrm Manager - B. E. Vaughan 8. £, Vaughan, Report Coordinator
C. M, Novich, Editor

Part 3: Atmospheric Sciences
Program Manager - €. £ Eiderkin N. &, Laulainen, Report Coordinator
i. L. Downs-Berg, Editor

Part 4: Physical Sciences
Program Manager - ). M. Nielsen R. M. Garcig, Report Coordinator
I. E. Danko, Edéitor

Part 5 Overview and Assessment
Program Managers -~ S, Marks R. W. Baalman, Report Coordinator
w. A, Glass and kditor

Activities of the scentists whaose work is described in this annual report are breader in
scope than the articles indicate. PNL staff have responded (o numerous reguests from
DOL during the yvear for planning, for service an various task groups, and for special
assistance.



Credit for this annual report goes 1o 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 whe edited the
individual project reports and assembiled the five parts, and ta Ray Baalman editor in
chief, who directed the total effart,

W. 1. Bair, Manager

S. Marks, Associate Manager
Environtment, Health and Safety Research
Proagram
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FOREWORD

This report summarizes progress on OHER biomedical and health effects research
conducted at PNL in FY 1983 1o 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
ard 7or developing energy-related technologies supports the DOF goal of increasing
and diversifving national energy resources and decreasing risks to human health,

The report is arranged to refiect the PNL program refative to OHER programmatic
needs and budget categories. Thus, the first section is devoted 1o an evaluation of
possthie health effects among nuclear workers, The next three sections, which con-
tairs 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, provide a basis for predicting human risks in the
absence of relevant human exposure, This vear 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, sccasionaily, higher) than the sum of the potencies of
the individual components.,

The mutagenesis section is primarily concerned with the results of microbial muta-
genesis studies 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 carcing-
genic procasses,

A variety of studies relating to noncarcinogenic and nonmutagenic endpoints are
summarized in the section entitled “Systems Damage,” including prenatal (teratclogy)
and neonatal studies with both synfuel materials and radionuctides. Pharmacokinetic
studies to determine the absorption, metabolism, and distribution of poliutants are
also reported here, The resuits 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 requir-
ing scientific contributions fram many research departments ai PNL. The personnel in
the Biclogy 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 tast.
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& Statistical Health-Effects Study

Principal [nvestigators: £ 5, Gilbert and L. £ Sever

Other Investigatarns: 1. A, Buchanan, §. Marks, and HLE. Tolley

The principal objective of this program is 1o analyze the mortalisy of Hanford workers and 1o deter-
mine the effects of radiation exposure in this popuistion. A secondary purpose is (o improve method-
otogy for assessing nealh stects of chronic, low-level exposure 1o harmivl agents ar sybstances,
particularly i an occupationad setting. In the past year, results of updated mortality snalyses have hoen
published; documentation of the computer prograrm used for these anglyses has beer compieted; and
an article encouraging the type of methodology used by the program is near completion, Research
methads te better characterize uncertainties in the analysis and limitations in the use of the Hanford
mortality data have heen injtiwred, 1o addition, identification of cases {or the birth-defects case-contre!

study has been completed,

The primary objective of ibis program ig
to gnatyze the moriality of Hanford woerk-
grs and, particuisrly, to assess the e*-

fert of radiatien exposurs in this popula-
tion. Mertality dete have been updated Lo
include deaths up to January 1, 1979, and
resutts of analysis of the uptated file

have been published in Raglation Research.

The most interesting resuly in gur lazest
tpdate iz the lack of stabistical gignifi-
cance in the trend of mortality frop can-
car of the pancreas with increasing radia-
tior dose; wultiple myeloma repsing the
sniy cancer-type of interest that shows a
significant trend.

Because the methods used to analyzs the
Hanferd dats shwuld be applicable to other
peputations exposed Lo ragiation and sther
stbstances, the compuler progrsm used for
this project has recently been generalized
and refined to permit sasy use by other
investigators. This program, MOX (Mortal-
ity and OGorupation Exposure Analysis),
differs from other software togls avail-
abig for analyzing occupatisnal moriality
data is ihal comparisens are internal, and
the statistical tests empleyed take full
advantags of whalaver guantitabive expo~
sure data gre svailable. Documentatien of
MOX haz peen fompieted, and a detailed
User's Manual has bees prepared.  The sro-
gram will soon be made svailable to otheye
investigators,

The cstandard method of analysis for most
occupstionally exposed pomulaticns is to
compare death rates of the exposed popula-
tions with Lhese of & extersal contre! by
caloulating standsrgized meriality rakios
{5MRs}. This method 5 an impertant first
siep in anzlysis and may be the enly op-

tion for populations with 1imited axposure
data. However, Uhis standard methed i3

Timited in a numbar of ways, amd Tn many
popuialions the type of internal compsri-
sens Lhat have been conducted on the Ham

ford data shouid enhance the amalysis.

Qne major goal for 1983 has been Lo en

courage ths use of this method of analysis
by writing sn articls illustrating the

Haitations of the SMR appreach ¢nd de-

scribing the potential of inievnsl Compar-
ispns a5 well as the availability of the
software {MOXY o carry them out. This
article Ts near completion ang will gnon
b6 submitted for pdlication.

Efforts have been initizted ta betiter de-
Tineate noth the potential and the lieitie-
tions of the Hanford data for learning
about radiation #¥fects. This effort has
included pretimingry catculstion of pawer
for delecting ragiatios-induced ‘teukemia
and for detecting ra¢iation-induced cancer
af all oimer types combinad, belh ab the
gresent time xnd afler varisus additiona)
follow-up  times. These caiculsiions,
which are based on exgosure reteived
theaugh 1978, indicais that an additional
0 ar 15 yr of follow-up will intrease the
potestial of this study, hub zhat soi a
great desl is gained by extending follow-
Jdp for a lorger peried.  Caleulations of
this type are nesded tn make decizians
regarding the lenglh of time the popuia-
tien should be foilewed and whather or not
we should continue to add new workers %a
the study pepuiation.  In addition o
power calgulations, methods of calaculating
confidence limits for effects are being
expiiored.  Even theugh this data set can-
not be used to abtain precise esiimates of
effects, 1f may be pozsible o state ihat
the dabs are inconsistent with certain
effgcts of gonsiderable magritude.

During FY 1983, we completed ideati*tiga-
tien of casses of birth defects for a case-
contral siudy. fases born ip the thres
Tri~Cities hospitals during the peried
1936~1980 were identified through hospital
records and bivth, death and fetal death
certificates., Hsing hospital delivery



rean records, contrels have been seleclied,
Cyrrently, datg on conbrols are beirg cot-
Tected from haspital records.  Foar ail
cases and contrals, infermation on paren-
ta! employmeni at Hanford is heing ob-
tained from records 4 the Hanfard Envi-
ropmental Bestth Foundation {MERFI. {ocu-
pational sxposure of parents of casss and

s

contrals £s radiation and fo olher hazard-
aus substances will be determirgd from
recards ai HEWF, Proposed anslwses wiil
cospare Davenis of casss and controls in
terge of nistory of empioyment at Hanford,
orsunstional radiatien exposure prier to
conception or during gestatien, and expe-
surg t¢ othey hazardous subsiances.
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& Inhaled Plutonium Oxide in Dogs

Princigat Investisator: ). F. Park

Other investigators: G, AL Apley, £. G, Burton, A, C, Case, G_E, Dagle, 7. ¢ Kionas, M. A Ragan,
3. E. #owe, R.E. Schirmer, D. L. Stevens, C B, Watson, £, F. Weller, and | L. Wierman

Technical Assistance: . C Chapman, K. . Deboan, R, E Flares, O H. Hunter, A L Kopriva,
G Moare, T L Park, M. C. Perkins, L. R, Peters, and C. A, Pierce

This project is concerned with long-term experiments 1o determine the fifespan dose-effect relation-
ships of inhaled 29Pu0; and MPu(y; in beagles. The dzta will be used to estimate the heaith efecis of

inhaled transuranies,

Beagle dogs given & single exposurs to
2ERpLG,  ee F3EPQD, aeressls to ohtaia
graded levsls of initial lung burdens are
being observed for 1ifespan doss-effect
relationships. Mertality dus Lo radiation
phuemenitis and jung tumer Increased in
the thres Righest dose-level groups ex-
posed to ¥3UPUD. during the 12-yr postex-
posure peried.  Buripng the % yr gffer
exposure to S5Pu, | mortality dse o lung
and/sy bong tumors ncreased in the twe
highest dase~level  groups, Thronte
tympriopenia, gocurrieg 0.5 to ¥ yr after
exposure, was ihe zarliest sbserved effect
after ishalation of eiiher 259%Pu0, or
438Lu0, in the four highest dose-level
groups that had fnitial Tung burdens 280
nii,

To detevmieg the Vifespan dosg-effeci pa-
latfonships of ishaled pTutonium, 18-mo-

old beagle dogs were exposed o ssrosols
of 239PuG, {mean AMAD, 2.3 um; meun G5O,
1.8%3, prepared by csicinimg the oxalats a3
JEGRC for 2 hr; or te TIRPU), {mean AMAD,

1B um; mear G5B, 1.9, prepared by cal-
cining the exalate at 704°C and subjecting
the product to Hy'B0 steam in argon ex-

changs 4t 8000 for 95 hr.  This material,
raferrgd to a: pure plutonium exide, is

wied as fuel in spate-nuclear power sys-
teimns.

One hundred thirty dogs exposed to #93PuG,
in 1970 and 1971 were selecied For lung-
term studies; 22 will he sacrificed to ob-
Latn pistonium distribulion and pathology
data; 108 were assigned to 1ifespan dose
gffect studies {Tadle 1). Dne huntdred
thirtesn dogs exposed te *358ud, in 1973
and 1874 were selected far T{fespan dose-
e¥fect studies (Table 23, Twenty-four ag-
ditional dogs were uxposed for geriedic
sacrifice,  The appentix {following the
entire &nnyz? Report) shews the status of
the dogs on these experiments,
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TABLE 1. {iespan Dose-ERoct Studies with ehaled 29002,
in Beagios.
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Table 3 susmarizes, Dy dose-level group,
the mortality and lestors assodiated with
dedths through 12 yr» after exposurs L0
28pyn,. During this perioc, #11 of the
dogs in the highest-leve? dose group and
in Dosg Level Group 5, nineteen in Group
A4, six in Groeg 3, five in Greep 2, eight
in Dose Level Sireup 1 and sight in the
contral group were euthanized when death
was immingpt.  Fourkeen dogs were sarvi-
Ficed for comparisen of plutenius Lissue
digtribution. Table 4 and Figure 1 show
the primary causes of death and the dis-
tribuytion of “39py in the tissues of lhess
animals,



TABLE 2. Lidospan Dose-THeet Studies with Inhalud 29Pall,
iy Beagies.
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As swurvival time increased, the fraciien
sf piutenium in the lupg decrsased Lo ~123%
u¥ the firal body burdep by 11 fe 12 yr
after expesure. During the first year
after sxposure, plutonium was fransiogated
primarily to the thorecic lyeph nodes:
1itile plutoniun was translocated 4o other
tissuss. Pluvionium content of the thor
acic Tympk nodes was ~B3K of the final
bady burden st 11 te 17 yr after exposurs;
the abdominal Iymph nodes, principally the
hepalic rodes, contained ~8%.  The frac-
tion of plutoniun in liver incressed, 4c-

counting far ~31% of the final body burden
at 11 to 12 yr after exposure in the
higher {0.1~ to §.2-pC3 bady burden) dose-
level groups. Yhe argan gdistributise of
plutoatum in the perisdically sacrificed
dogs was generally similar to thai of the
highvdose-lavel dogs euthanized when daath
was imminent during the first 2 yr after
sxhosUTe, The  lower-dose-~level  dogs
(2.801- te 4.1-uC3 Final body burden) sap-
riticed or guthanized during the ith to
32th postexpoiurs years bad a much sealler
feartion ¢f the fisal bedy burden ir the
Tiver, with a larger fractiss ratained in
the ‘ungs andior thoracic lymph noGes.
Abeyt 2% af the fina) Gedy burden was in
the skeleton at 11 ta 12 yr after expo-
sure.

The #ags euthanized because ¢f respiratory
insufficiency during the 3-yr postexposure
period had increased respiration rates,

and hypercapnia gnd hypoxemia assceciated
with Tesfons i the Tungs., Intermitient
arprexiag and dody welight 1oss accompanied
the respivatorvy insufficiency. Histopath-
ologic examimation of the Tungs showed

radigtion preumoritis, characterized by
foral drterstitial and subpleural fibre-
$13, increased numbers of giveslar magro-
shages, alveoliar epithelial mypernlasia,
amd fool of squamous metapiasia.  Astorad-
Tographs showsd activity mrimarily come

posed of large stars, sore sumerous in

aredy of interstitial ard subplewsral fi-

brosis.  Bog BO4W also had & pulwmonary tu-
nior, clansified as a broachioiar-alveslar
cArCinGma.

TABLE 3, Summary of Ltesions in Dogs Futhanized Dunng the 121 Pericd after Inhalatios of
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TABLE 5. Summary of Lesions in Drogs futhaniced Tluring Whe 9,54 Perisd after Inhelaton of S8Pu0,
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death through % yr after exposurs to
23%pyn,. During this pericd, a1l of the
dags s the highest~level dose group,
eightesn dogs in Duse Level Group b, one
dog in Groun 4, three dogs in &roup X, ons
gag in Group 2, and two dogs in Bose Level
Group 1 were suthanized when death was
imminent. Two contral dogs were suthan-
ized during the B-yr postexnosire period,
Twenty-ane dogs were sacrificed Tor com
parisen of plutapium Lizsue distribution.
Tahle 6 and Figyre 1 show the rauses of
death and the distvibution of #*%Pu in the
tizsues of these animals,

Cf the 3# exposed dogs suthanized, 2% were
killed due to bene Tumurs {ostensartomz),
3 due to Yupg tumors, and 3 due to Addi-
s9n's disease. Elaven of the degs euthan-
ized dup o ostsssarcoma alse had Tuny
Lumprs; twh alsg had Addison's disease.
A1 of <he exposed dogs with osteossr
comas, iusg tumors and Addisen's disease
were in Dose Level Growpss § and B, One
Sase-level-froup-l dog (S8YF} had g fibro-
sarooma in the $tium.  Eleven of the 23
celegsarcomas were in vertebrae; £ in fe-
mora, 3 im ribs, ¢ in tne scapuiae, 3 in
the paivis, 1 in the tibiz and 1 in the
tumerus.  Bogs 1047M and 1393F (Dose level
57, 1CBIM {Dwse Level 4), 280M, 1030M ang
1IF (Dose Level 3), 10B2M {Dosg level 2)
ang 106IM {Dose Levg! 1) disg during the
3~ o Yy-yr postexposure period of tauses
presently thought %o be uarelated to piu-
tonfun exposurs,

19

The Jung tusoers were classified as
bronchielar-aivecliar carcinomias in  fen
gsgs, bronchiclar-alveolar adenoma in one
dog, and adencsquampus cardinoma in two
degs. In sng doy, three lung-tumor Lypes
were opbservad:  bronchiolay-giveniar, eg-
grnocarcinoma &nd fibrosarcome,  Lung-tumor
metastases weve not cheerved, Boae«iumor
wetastases were found in the Jurgs of $ix
dogs; in ithree dops, ihe bone tumor me-
tastasized tc lungs, thoracic Tymph nodes,
Tiver, spleen and heari; and in one dog,
the hone tuper setastasized te the T1iag
tymph nodes, The five dogs with Rddison's
disease had sdrenal cortical atroshy.

In agdition o the lesions assacialed with
the causge of death, igsions in the lungs
2t the fose Level Groups 7 and & dogs in-

clutied fogal alveolar histofylosis, alve-
oittis, alveolar apithelial c2i% hwper-

pisgia, alveplar emphysema, pleural fibro-
si%, and interstitigl fihrosis, Kumérous
alpha stars were observed, mainly in Foui
of fibrosis, and single aloha tracks were
scatbered thrseghoul sectiens in Yoot of
aiveslar mistocytosis and in alveolar

sephld, The trachechronchial and media-

stingl lyeph nodes were completely obiits
erated by necrosis and scarring, associ-

ated with high concentrations of plutenium
abserved as aipha stars, Similar bub Jass
severe Jesicns were seen in the hepatic

Iymph nodes. There wers extensive aliera-
tighs in none, inclwiing multiple areas of
focal atrephy of bone, sndostea)l, trabecy-



TABLE 6. Tissue Distribution of Plutonium in Beagles after Inhalation of 233PuQ,.

Turne After Final Body

Percemt of Final Body Burden

Thoracic Abdominal

Iing  Exposure.  Burden, Lymph Lymph
Numbwer ) Wi Lungs “odes!?! Nodes™ Lver Sheleten Cause of Death
1328 (.25 0130 a7 (.14 0nn 1.7 016 haonnoe

Y21F | 0044 94 .65 003 (.35 2.1 Sdorinee

430F 1 0032 99 63 0.0 .07 (135 Sacrifice

431F 1 0,347 96 1.9 (i 0.0z 036 hacrifice

929k 2 (.0Y7 a1 75 (.00n2 .26 038 Sacrifice

EERI 2 [+ 382 L 2. 0nm 0n1a 119 Sacrinee

{23F 2 0023 8 9.4 0.03 0ng 0.3 Sacrifee

92508 3 L0064 91 4.1 .04 .04 12 S rince

Y26M i 078 a7 I 2 [N 11 Sadrifice

ERRN 4 802 42 4.8 [ (143 us Saeribee

13188 |12 [IRIETH 43 ED (1ilh Y 13 RTINS
1319 1} (1077 41 26 [SRAR M 20 Sacrife
1274 13 o B G2 (.32 [ 16» Sacrnifoe
13108 25 Q026 19 iR (Lilh T 24 San il

TEITM 25 .04 2il 13 (YA " 2 Sanrin ey

RS 25 [IRAE 20 i1 (i e i) Sacnl oy

I 141k i3 658 26 12 nri 18 22 Fricuriomng
12158 Ih [ARANR 2 B3 0.7 13 2 SACTIE O
LEAREY 37 [ARIRTN I3 il (22 21 32 Sacrifice

EEE 42 EXARE] 17 43 (150 18 8 Add san's Disease

H70F 14 SIS DA | 34 [T H 2 ST

TN 14 (1iH35 .8 24 0.2y I 5 Sacnnge

THdih 14 IR 11 44 ERH 17 22 Bone Toomer, Lung Toroe
100235 A [[RERE] (N3] 27 o 23 23 Lung Tamnn

101R40 31 8427 13 i 1A 13 20 Hore Toamsr. dung Tumor
(g R 361 14 31 [SRAH) 2 L lung T

TET4N b ER R R 40 3.3 13 i Addimon’s [haeane

TO%GF ER R 3.4 22 2T M 24 Addian’s Dinease
TTHGN G} (14814 8.4 23 AR T 2 SaUTitice
17130 &l 1.234 3.0 32 Ko 2o i3 Bune Tumor
[ 0l Vil 2 A2 ER 2 23 Hote bumor Seddisoes < sease
TOHM [§ 4360 He] 23 Ja 1 24 oy Tuntor

474 (34 1,467 3.1 24 ) IX RD| Boae Tumo.
109258 f3 1.313 2 2h G4l M E1b] B Tumor

975F 3153 3749 11 I 2 28 13 Bore Tumor Lang lumor
1453 R 1.a44 1.7 13 oY il i Boee Tumor Lone Tamor
[HIEENS fatt FaaT T 27 Th 28 Eh Boee Tumaor
142784 T 2546 3.4 15 Tl A0 il Borew Tumear Lung Tamaor
1 0 72 2HM ) i id 2ot Jf Bone Turmerr Lung Tomr
11578 72 1 744 30 35 e bi AN) Bore T.omor

[EMTENN] TH [RALR ) 24 i1 40 i Py
TOTAA 28] 1. 461 d.hb 15 (-4 47 X He ranaiosarcoma Hear:
[36¢F 80 |0 2.4 I8 14 31 11 Bone Turise, Adresai Tamor
10028 [ | .Thi g i1 EnAl A i) B Tumuos Luny Tuneor
T109F 86 .885 {193 L a0 43 15 Bone Tumor Addisos"s Deease. Luny Tuimor
1 218F 1] (678 A 24 41 42 I Bone Tumor

10718 o 1.0848 o4 28 o4 a7 i Bones Tumor Toew Tumienr
{71 94 (L0 3.4 13 1.3 22 43 Bone Tuntor Hearnt Tamior
| 160 43 1,950 1.6 A (M 43 Al Bone Tumon Lasg Tumor

FHOM 95 0.07%R 4.0 A .48 14 X Sohanaen Dymproa
[IAEIAN e (0A3Y Al 17 11, 401 3% Forattsvrond Scenonsg
[RETIAY] En (15004 BN 14 07 iT i Bore Tunsor

9EaF 44 0.0017 3.1 11 1.2 K 20 Bome Tumor tRibrosare o,
13118 kL .895 I3 hat] 4.7 kall 23 Bone Tumor

117381 499 [ 2.0 i3 A 21 33 Brane Tunin

[0 3k 1033 1037 1.3 16 a7 34 EX Ervpyen, Filunlhary Tuimor, Cusimg’s
1192k 109 (3.1435 2.4 7.3 3.5 3 R L Bone Tumior
11788 110 (35094 nas 17 ] 33 42 Bane Tumor, Lung Tuniog
1Hd78 115 0.241 1.4 7.8 11 28 48 Herstaten Vertebral Dise

(&) Includes tracheobronchiai. mediastinal and sternal lymph nodes
B includes hepatic. splenic and mesenlenc lymph nodes
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® Toxicolegy of Krypton-85

Principal investigator: 1 E Baliou

Other investigaiors: G E. Dagle, H. 5. DeFord, [3 W, Murghy, M. R. Stkov, B 8. Tolley, and

0, H witlard

The purpose of this research s to obiain blological data to supplement sarlier evaluations of the
hazards of #Kr exposure. The studies include both shart-tesm and chronic exposures of rars, dogs and
sheep to determine tissue distribution and retention kinetics for metabalic modeling, We have also
included dose-effect studies in rats exposaed acutely as newhorns o chronically for most of their fife
span to identify Hssues a1 risk and determing temorigenic potency.

This s the finai report for this project,
which terminated at the end 5f FY 1383,
Frogress Repovts were presented in &nnual
Repertis for 1975 throuvgh 1982,

Hignlights of the research include the fol-
Towing: 1) the demsnstratinn of placental
transfer and fetal incorporation of inhaled
8o in preguant shees (Texicel, Appl.

Prarmacol. 450 250, 1978); Z} a description
of BNEy gistribution ard retentian in ihe
ral {Heailh Phys. 4% 669, 1887); 31 the
demonstration of a iow hazard potential for
the fetus asspoiated with ®%r supesure

during pregnancy {submitted to Health

Phys. }: 4) the fdentifization of basal cell
zarcinoma of the skin as the primery malig-
nancy zssotizted with exposure of newbors

35

&

rats o PYKr atrmospheres (submitiad fo

ot this leston appears to be less Lhan 1008
rad iz the skin surface}; ang 33 the dater-
mination that chronic exposyre o %%y ley-
els vp Lo 10,065 times the MPC for the genr
era! population did not influence ®5Kr dis~
tribution, weight gain or tumor iacidence
in rats exposed Tor 808 days. Significant
{8 = 0.058) tifeshoertening ia the 10%times
HEC group was suggestsd by one statistical
test and rejected by ancther {submitted to
Health Phys ). Fipdings from these siudiss
support the adequacy o the recommended MPC
far 35 and indicate that a negligihle

hazard 1s assectated with Lhe present envi-
ranmental tevel of 3%Kw,






# Toxicology of Thorium Cycle Nuclides

Principat Investigator: 1L E. Ballou

Onber Investigators: A, € Case, G E Dagle, R, A Gies, D L Haggard, 3. W, Murphy, | L Ryan, and

H, [ Tolley

The purpose of this project # to investigate the biological hazards associated with uranivm-tharium
breeder fuels and fuel recycle process selutions, initial studies emgphasize the metabolisim and long-
term biclogical effects of inhaled 2512220 nitrate and oxide fuel mateariais and of 7P, a major, long-

lived, radioactive waste sroduet,

Male Wistar rats sapuesed %o graded doses
of 23ipg citrate aerosols {1, 17 or 55 pfi
ipitiat Tusg Surdern; $:8) nave bean ob-
serves Tor thelir 14fe span, HRetentien in
the Tungs, liver and skelefon (data for
the three dose groups were combined} is
showtt in Figure 1, together with srevi-
pusly reported data on relention of 233y
farnual Report, 1982). Thne cerves were
constructed using data from both sacri-
ficed and lifespsn rats, as indicated.
Afier 7 days, retsnbion was described by
either one~ or two-exponentiat funchions
#% detailed in Yable 1L, which also shows
4333 ratgeticn pavameters for comparisen.

usualiy associsted with absorpiion and
mucosiliary processes was noet included ia
these data, 1.e., only retention Tntervals
for 7 to 200 days and »200 days aré shown.

Cumilative radiation dose i the Lisgues
was catculated assuming clgariance jecurd-
ing to the equalichs shown in Fiqure 1 and
summing ower bthe iaddvidual rat's Gife
span.  The estimated lung doses were di-
viged into dose ranges for presentatien in
Tabia 2 and are showa with the correspeng-
ing malignant~lung-tumor incidence. ihe
overail ingidence of malignant lumavs s

- fyan in detail in Tal 3.
The shoart-lived jung-cigarance Lomponent yiven in detail in Tavte
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FIGLEE 1. Reientun of Inhalod 23904 Curate and 999 Nitrate 0 Major Uissuas of Rat,



TARLE 1. Tisue Retention Kineliks for inhaled 2¥Pg Citrate
and 582 Nitrate in the Rat
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#alignant lung tumovs were cleavly associ-
ated with 2%3Ipa inhalation. The dose~

related responss for theseé lesions agrees
weil with resuits chtained with inhaies
Z38p,, 23¥py, Esipg  E53Fg, 2334 apg 32U
nitrate asrusols. The Yowest 233Pa dose
which produced & Jung tumer was ~90 rad,
accavilated over Lime periods of 535 days
{one papiliery adencoarginoma) snd SA82

days {ane adeposguamous carcinoma).

Osteosgrconas of (he sheleton ware un-
commsn in these rats, reflecting the rel-
atively low {~1 to 2% ILB} trasslocation
af 3122 from lung to skeleton compared
with oiber actinides we have studisd.
Protactinium-231 was translocated 1o the
Tiver in amounts zimilae tc thosez abserved
with 29%y and was simijarly ineffective
it the irgduction of tiver tumors. Furihsr
romparisons of 23*Pa  amd the high-
specificr-activity wranium isgbtopes 534
amd 2320 will be made when radicanzivses
are compieted.

YABLE 2. Dose-Related ingidence of Malignant Lung Tumons in Rats Expestd to Inhaled 2YF: Citrate Aersols.

Percem Wncidence of $pecific Tumor Tvpe

Cumylative tuurmber of Rats
Lung ose. rad in Dose Range AURRGLATCIIOMS
=10 53 z
1100 V7 i
HIERETE 1] A% i5
10 E-4000 14 71
Coetrol 1y 4
{inchies taeated
controls

Seuamous Calt Adenosquamous o
Carcinoma Carcirgma Othertal
i & (b
i |2
& 4 1
4 ] 8
& (B

aibncludes maligram neoplasms, carcinomas and hemangiosarcomas of the lung
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TABLE 3, Number ol Maligman Tumors in #ais brpased 6 Inbaled 41192 Cieate Aeosnis.
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e Inhalation Hazards to Urantum Miners

Principal Investigator: ¥, T Cross

Other Investigators: R, L. Suschbom, G £ Dugle, 7. O, lackson, R £, Palmer, and H. AL Ragan

Technical Assistance: . Brodaceynski, C. R Petty. and W, L. Skinner

This profect is investigating levels of uraniom mise air contaminanis, using bath large and smail
experimental animals to model humin rospiratory systern diseass, Lung cancer and degtng by
degenerative lung disease nave rezched epidemic proportions amony ranium miners, but the cause-
etfect refationships for these diseases are based on inadequatie epidemialogical data. This projert
identifies agents or combinations of agents (both chamics! and radiclogicalt, and their exposure levels,
that produce respiratory tract iosions, including respiratory epithelial carcinoma, preumaconiosis, and

ernghysemna.

Smali-Animal Stodjee

Approximataly 2008 male,  spesific-

pathogan-fres Wistar rats are currently on
study; the compieted 3004 and 5300 Serisz
experiments {Tables 1 and 2} were designed
to clarity the roles of unattached Rad

dayghters, ang the degree of raden daugh-
ter disequitibriom, i the deveiopaent of
respiratory system disease. The nearly
compieted 000 and 7000 Ssries sxperiments
{Table 3} are desigreg to develop the rp-
lationships belween resporse and exposure
te radow daughbers (ai fwo rates of expo-
sure} and carnotite pranium org dust, The
800 Series experiments (Tabie 2} are de-

TABLE §. Rudon-Tia
Ruts 40082 Series oxg

Traez!
?x{)(}'jii:\(?‘
Exptsge Riginnn WL
W fadan Dayehien TR
Lowy Ead LUnattachmenr (3%
T gt Uranium Cre Tt
HEE WL Haddne Daughasrs 312G
Ftssrmgtiiare 1A
w37 mgim b Lraniom
THAH

T oammas i oeach group, exposed B0 hewk

Fety e . s P . . p iy .

Wiwarking teve!l (WL s detiestd a5 any comblnation of
the shor-bved radon dpaghiers in 1 lmer of alr thal »il

SUY i B slnmate pmimzion of ik 108 MeV of
polernial geenergy. Workiog level month (WM o an

cxpissee eoutvalent 1o 170 B oat 2 1AW conceniration

w Linatar bevien: Froctigs Sty e

TABLE . BedonDuughter Drieguilibriems Study in Rars (3000

Setigy wafr PR

Engumenivg Kogim pryiof
Dy

Testaid )
Fxposure, Wi

e Foutiviue
Hoatssy

i K gaf Kall
£ 5 04 iy thad 3120
| IR £ i 140

[Tt TTP

Pty Brv 1 e ot air thal well
nale wries of 18« 0% 3el of
datential meonergy. Wiorking loved maonth OWLML g an
eposire cuLavnent o VA Re ot 1AL dumeentiation,

i a

sentifl iy the o

sigred to extend Lhe emposurs-rasponse

rvetationships %0 lavels appropriate is

current exposure corditions in the mires
and Lo Iifelime envirosmantal expasures,

The 4400 Series gxperimenis {Tabte 5} sop~
Tipue the "low-dose™ stodies al exposure
rates comparable te former occudational

working iavels {10 WL) iy further evaluate
the hypothesis that ihe tomor probabifity
per working level month {WiM} expesure in-
crazuaes with dicraase Tn sxposure ang ex-
posure rate. Concurvenk sxposure Lo vary-
ing tevels of urapius ore dust tesis, in
addition, the hyoothesis that irpritants

fhath specific and nanspecific) act syner-
gisticalty with radiatisn exposures, the
synargism increasing with decrease in ax-
posure level. The expesuyres of $000 Se-
rfes amipsls are currentiy 10 grogress:
Lthe expesures of 4000, 5004, 6068, 7000
and 300 Series animals are completed;
some of the FOUD and BOB0 Series animals
are $LiT) Tiving,



TABLE 3. Exposure-Resnonse Relationshin Study for faden-
Saughior Larcmpgonesis in Rats 6000 Serdes exnerimentsh

Tovtal
Nygnber of Sxpasure,
Arifralighdl Expnslite Regrmenaos WAl
32 1000 Wi Ragon Caughtens 10234
1% mg/m? {ranim O Dot
32 1000 WL Radon Dousghears SV
12 g Usanium Ore Dust
32 HEN Wi Radon Daughteis 2501
15 mgim? Urngnium Ope Dug
32 HREMY WL Radon {aughten J 280
1% mgfm® Uraniaen Qe Dast
[ HY W Radon Dagghtors i}
15 mgdnd Urandom Ore Thgst
EES FIO0 WL Badan [asghters 334
Th mgim?t Uranium O Dust
1l ot
i

sombier of animaly s sufficient o detect the pradicied

ircidence of fuag twmors 3t the 008 0 01 lovel of

sgmiigance, awsuming linesrity of tesponse between

£ and 9200 WEM [see fooindle o and 0.3 5% soon-

tanecus nChlente,

8 Exnosure rate, 90 Rriwls plaaned ponodic sacefice,

I Stechy will be reppated @ 1 WA sate fwithana
ponisdie secrfive} o auginent previoin Hased eaptggrne
rate data (FOHEY series mgntorments

fhwarkeng lovel (Wil i defined av anv combination of
too shoa-ved rados daughtens in ! liter of ar thal well

resuft o0 thie witienate emstian o 1.0 2 100 Mo of

Pl F-energy SWorkmg level momth VLN B oan

apslite eonnvalent o 0 b gt

Presiggs esposore gt HE WV for 83 hefak 1o 930

WM proglueed an 80% inodence of carcenma.

we have cancluded that the most sigrifi-
cart lesions related be radons daughler and
carnotite ore-dusi exposures in the 4000
and 5000 Series experiments are sigaplastic
and senvhecplasiic lesions of the respira-
tary fragt.  Histopathelsgic data for
tihese lesions and survival times were
shown 18 the 1982 Annual Report. FPrelim-
inary histopathologic date for the BOOD
Series sacrifice animals are shown ip Ta-
ble 6.

The wnatiachment fraciion and digequiiip-
rium studiss shosed that the rigk of pri-
mary tung temers sigaificartly inoreasss
with increasing radendaughter unattach-
ment  fraction and disequiiibrium, The

tneragse was of borderline significance in
the disesuilibriuvm study when the total

nunber of rals with Tung tumers wasz inter-
compared. {One would have oxpeoted A

stronger stgnificance 17 eguilibrium radon

W Conegntralieg,

4z

TABLE 4. LowExpusure Besponse Relasonship Sty for
Radur-Liaughrer Cacinagenesis in Rats,

k1

Teaa
hussber of " EApGLure,
Aniprighkid Exposiuee Regimentd Wit

G4 100 WL Radan Davghiers Hapt
15 mgfm? Uranuem (Ore That

b 160 Wi #adon (Jaushters o0
153 mgim? Uranium Ore T

160 100 W Redon Tlavghiors s
13 meimi Uranurn Ore st

32 Hi Wi Badon Daugiters a0
15 mgim! Uranizm O Dt

444 VH Wi #adon Uaughien L
15 mpim? Ursreym O ust

5t 0w Radnn Daughten 3G
15 mgim? Uranim O Dst

5 Lontrols

Batumber of anirmals s sufficient 1o detect ng irmors & e
G.0% 10 0.7 feved of sigmficance, aswpming lingmity of
epspansg batween § and H40 WM Bews foumole OF
and O.13% spontanetus ndence.

“”Fxpasuﬁ‘ rate, 9 briwk; planred paniodic sacridize of
3¢ ansmals from prousn

Tigersn: rxposwres indivate 2 emor isvidence of 16% at
G40 WM. Waorleng fevel WL b defined a5 any 2ome
Brunion of the shortived radon deughters in ¥ liter
of 2 that will resell Tn the slfimate smision of
PG 842y of porential teoneipy, Working leved
raomth (WiME it an xpomine equnabent 5 370 br 4t g
144 enngentration,

‘:G}%ﬁf‘.peat exnosyre i ior normalizetiaon woh Talde 3 dats

davghters {eguitdbrium fagtor = 1) had
hwer compared with the 0.1 sguilibrium
factor exposure conditions.  tHowever, re-
suits of Lhe animal exposurss concur with
mode fing predictions of increasing radia-
tian dese with unatiachzment ¥fractice arcc
diseguilibriue of radon daughters.  Bae
cayse Lumors commonly cocur more peripher-
#ily In asimals than in humans, tadan-
daughter diseguilibrium, in particuisr, is
thought io he of greater signifigance ir
hiksan exposures. Wher lung ltegions are
sompared, a 0.1 equitibrium facter expo
sure condition is approximately eguivalent
to an exposure condition with somewhat
tess than 19% Raa anattscbment,

Nasopharyiigeal squamcus metapliasia  and,

generally, carcingma Tngreased with in-

crease in the RaA unattachment fraction.

There was no indication that high disequi-
ibrium radon daughisr exposures without
conemitant Kigh Rad gnattachment produced
Fore nasal carcinosa.



The lung rvarcinomas ip the uratiachiment
fraction and disequilibrium studies were
roughly ideniifisd as proximal or dishal
aceording to the size of associated ow
neighboring branchi and bronchioles, They
wire generally estimaled Lo be asboul 50X
proxizal (bronchivreisted) ang B0% distal
(bropchiglie-related). The pistologic
cracsification was approximately 70% bron-
chogenic carcinoma and 30% bronchiclosive-
siar carcipoma. These dala are o cop-
strast 1o the aearly 190% proximal Joca-
tion and bronchegesic classificatien of
hutan ldhg Cancers,

The praliminary serial sacrifics data
shown in Table & for the exposure-response
rglationship study {5000 Series experi-
ments) indicated that, in mosi cases, the
sarlipst lung tumors occcurred approxi-
mataly 1 yr follewing camnlation of expo
syres. At exposyre lewsis less than 1280
Wi¥,  no lupg cancers were noted eariier
than 18 mo after exposure.

FABLE 5. Lifiralow Exponure Rate Shody o Badon - Oougver
Carninopenesis in Bat,
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efrreTs i
rr Ores Lt

352 1AW Radom Usughiers e
Homgim? Usanian Gee Thust
Gy2 oWl Rudon Dhauhiters 343
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312 don Laughters Gy
Urarsesay e Tyt
¢ Controds

Kiresmbaer nf aedmals s seffieiont o deteat Tung
N0t Tt lewed et signith e, ssumung Hovasity of
response biween (1 and £40 WL fhestor isgitence i
appinsimaely 15% at &40 WA 4nd 1.13% wpon-

kaneaus incidenge.

94 seosure rate 90 hefwks plaoned genadi saorfice of

37 animais M oeach groun

Warking level 741 is defined s any combination of

the shodived deughtees in 1 liser ot afr 1bat will resad

W the gitintate £avssion of .35 10% Me¥ of noiential

spnergy. Working level month (VIR 13 an expniuge

eguivalent w178 br at 4 PAVE eanceaingbon,
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targe-Aninal Studies

Thirty-Tive beagie dogs are curreptly on
study Yo determine the pathogenic rele of
innatation sxposure Lo cernotite uramium
ore duskt, We are particularly interesisd
in glarifying the rale of the ore dust in
the production «f the massive puimohary
figrasis obssrved in ap esariier study, in
wiigh beagin dogs were exposed te radon
dayghiers ang wixtures of uranium ore dust
and gigargtie smoke. The present siudy
{enronis, head-only exposures) began when
the dogs were apout 2% wyr old. Along with
voutine physical examinations and periodic
hematolegie and clinics? chemisiry mea-
surements, histopatholugic, radiometric,
zorphopelric, renal and pulmonary Function
avaluabtions were conducted on these dogs.

The most nutabie pulmonary lesions ob-
served in dogs exposed for up ta 4 yr are
vesicular smohysema, peribronchiolitis and
facal presmoceniosis.  These lsstong, de-
seribed in the 1931 Apnual Repori, were
contrasted with the lesions obssrved in
the gariier study, in which heagle dogs
were expessd bto mixtures &F radon daugh-
ters, uranibus ore dust and cigarelie
smopke. Thress animals were kitled follow-
ing 6 yr of exposure Lo delermine any fure
Lher progression of gulmorary lesions.
These data have nat yet been analyZed.

Radiemetric aralyses of lucg tissoes weve
performed on twp of three animals killed
sach year {through 4 yr) follewing the
start  of  graniumrore-tust  exposuves,
Frevizus inhalatian studiss in sur labora-
tary invelving three species of animals
frar, hamster ang beagls dog) and bwo va-
rieties of upanium ora dust in secular
equitioriye {carnetite and pitchblende)
reveated consistert separation of wrarium
ang thorium fsotopes ia Uissuss of animails
at necrppsy. The pattern of higher reben-
tion af thoriam than oranium was noted
shortiy after exposures began and sug-
gested that uranium ore, wihen present as
an airpprne cantaminant, shouid be regu-
Tated on the basis of its zomstituent rad-
fnnuciides, making the %29Th lszvel ihe
getermining facter i maximum pernissible
2ir congentrations. Because the carnotite
ore experiments were copfoupded Dy the
presence of ciher air coptaminanis, such
a5 raton daughters, diesel ergiss exhaust
and cigaretse smoke, and because subse-
quent messurements of miners® Tungs at ithe
University of itah reveated that wraniom
anpg thorium isptopes remaln i n2dr-
equilibrium, i1 was decided Lo repeat some
of *hess measuyrements in the JTungs of
besgie dogs exposed to caraotile ore dust
slore. These data weve alsa shown in the
1987 Annual Hepori. Further analysis on
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Tang lived radionuciides in bwo dogs ex- dogs.  Renad funstion was evaluated on six
pused for B ¥r Lo Urantun core dust show wranfus-ore~dust~expused  and six shape
gualitatieely comsistent data, with an srposed dogs Teilowing 8 wr of sxposure
averzge *PC0THART8) ratie of £7.1. Tissues for 20 hriwk to 15 me/w* urenium ore-dust
from two other degs fomerly exposed to concentations,  Testz Conducted en inte-
mixtures of 4400 Wi¥ radon daughters and grated uripe samples were: osmoiality,

granter sre dust (onz with, the ather specific qgravity, gluosse, crestining,
without cigarvetie smoke} ware alss ane pretein, sodium, potassium, chioride,

ailyzest for long)ived radioeucTides. The alxkeiine and acid phesphatases, glutamic
exposlres Lo padop daughters and uranium o¥aloszetic trarsanminase, glutamic pyruvic
are gust tersinated in 1974, Radiometrie tranzaminase and a microscepic examing-
analyseés 2 yp ltatar showed an average tion. wWith the exceptiss of glucese, ve-
ZRBYR/IEL patio of 30.5, The smaller of suits of the battery of tests were sguivas
the two ratios {8.4 varsus 12.7% was im lent for the szpossd and sham-exposed

the dog exposed to cigarette smoke. There dogs.  The mean glucose excreted i 24 hw
is o <igarcul evidermce from these $i{mitsd by the exposed dogs was 27.3 mg, versus
data that the explanation for the near- 6.1 mg by the shem-exposed dogs (R <

eniitibeim conditions found in the human 0.08%, This gifference was sgually appar-
data might be dus to the longsr time ent when glucose exuretion was expressad
elapsed belmsen exposures of the miners as my/kg of body weight or as mg/mt of

apd autopsy ¢f Lheir Yuongs. The previous urine. Howewer, the ability of the Rig-
antmal date have stways reflected the neys to concentrate urime Following depri-
BIGTRA2I8Y patios immediately folluowing vation of water for an extended perjod was
exposures to uranium ove dust. aat different between The iwoe Lresatment

graups.  Thus, based on this seriss of

We have regenmtly suppiemenied sevum tests tests, it appseavs that kidpey function has
with urinalyses to determine the prasence rot been compromised by prelonged expusure
of kidrey damage in the ore-dusi-axposed te uraniva ore dust,
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¢ Fetal and Juvenile Radiotoxicity

Frircipal Investigator: M. R, Sikav

Other Investigaters: R. L. Buschbom, W. U, Cannan, 1. B. Carr, G E Dagle, P L Hackety, 8 [, Keiman,
D, [ Mahlum, 8 1 McClanahans, and D. N. Remmersim

Technical Assistance: 1. A Cushing, 8. Hogberg, T. A. Pierce, R. L. Rommereim, and S, A, Watson

This project s directed at abtaining detailed comparative infarmation on the depaosition, disiribution,
retestion, and toxicity of radionuclides in the prenatal and juvenile mammal. Because quantitative data
cannot necessarily be extrapolated to man, emphasis is also directed toward establishing patiesns,
shenomenclogic interactions, and relationships which will be useful in determining appropriate
exposure levels for the rapidly growing infant or child and for pregnant women,

An experiment 1o evaluate the effects of fasterrearing of newborn rats on the lfetime effects of 2Py
exposure has demonstrated that, while longevity is primarily dependent onradiation history, growth
rate and z0ult body weignt are related to the exposure and fitness of the foster dam. Results from an
ongotng comparison of the dosimetry 2ad embryotaxicity of 9Py and #9Am contirm that the former
has a greater effect on the conceptiss, on the basis of dose administered to the dam. Mudiesin the
guinea-pig perfusion systemn have confirmed that maternal blood flow to the placenta is decreased by
intravenous doses of 30 aCi/g ¥9Pu and suggest that the threshold lies at approximately 5 nTi/g body
weight. A dose of 30 nCi/g of #Am does not affect blood How. Clearance of the two actinides i
similar when blood flow effects are aot considered.

The raticnale and protoco! for an experi~ pressed in all groups of effspring thal
ment Lo svaluate the effacts of foster- wavre exposed prensteily, but a corsistent
raaring of neoratal rais on the ingidence effect of fostering could not be detscted.
gf E39%Pu-induced bone tumars wers de-
seribed im previous Annual feports (1981, tatency to davzlopment of grossly detects-
1982). Is brief, pregrant raets were in- ble mummary tLumors wis decreased in all
Jectad intravensusly at 19 days of gesta- groups of expossd puns velative io those
tion {dg) with 88 nlifn of a citvated {70« which weve not exposed prenatally. Lat-
fald molar excass) 23%Py salulioe or with ency was shorter in exposed pups fostered
a citrate solution. AT 1 day of age, the to a contrsl mother (XL} Ehan in those
offspring of some Vitters were fostered io kant with their own mother (X) or fostered
Trciating females ihat tad veceived the g an exposed mother {(AK). These tumors
zame (or the opposite) exposure as the have not yet been confirmed by histolegi-
dams, others were kept with thair dams, cal avaluation,
Thus, six experimental groups were Formes,
as showr in Table 1. %ithin each time Following the patiern described 0 Tast
hlock, centrsl dams waere killed 1 mo afier year's fAnnual Beport for the period
the laszt exposed dam had died; surviving through I yvr of age, welighi curves of the
offspring were kilied zf 30 mo of age. uffipring continued to more closely re-
A1} animats were secropsied, and leslops flecy pastnatal rearing than prenatal ex-
{including tumors) were prepared far his- pesbre.  Although ithe data become Tess
topatholcegice? sxamination. clear &t older ages, Decause of deaths
within ssch group snd debilitalion prier
Kaplan-Meier suryival curves were compuied Lo death, statisbical evaluation using
and plutted, ang statistical cummarisons analysis of wvariance demonsirates that
were made usisg the Bresiow and the these ciffarences are sististizally sigr
Maniel-Haensze® statistics. Results nificart. % is of biclegical imporiance
showed that the longevily of dams was sigm that these effects eon growth and hady
nificantly reduced by %Py exposure but weipght are disseciated from divect effects
wis nol significantly affecisd by rearing on postnatal sureival attributadle to pee-
a foster Titiers eF the same {or opposite} nata!/reonatal exposure.
expgsure  group (Tabie 13, Syrvival of
rentrsl and exposed offspring was uni- Radioanalysis was performed on tissugs
farmiy greater than that of their dams, from other animals that had received iden-
Survival curves were significantly de- tical expesures, as well as from deced-
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ents, o &1tow galoulatios of radiatier
dosss.,  Organ burdens and <onceniralions
Fov representative tissues, shown in Fige
wre 1, are in gerera) agrsesent with date
from previous expsriments.  Further der
taileg data asalyses ary 18 progress o
establish radisticn doses to oithsr vele~
vant tissues. Toial pluteniun qontent of
the offsprimg i the zroups raared by
plutonioeexposed females {partislly
Tustrater by Tiver} Yncreased during the
first day of postratad 1ife, ruflecting
cantinued intake and deposition from mili.
As 4 resuli, pestpatal Yiver {and hedy)
hurdens in ithe XU groups were less than
those inp the ¥ or XX groups apd, to a
firstrorder approximaticn, summeiion of
hady burdens in the ¥ anc 4% groups equal
those in the ¥ and ¥¥ groups. A& similar
retalionship between groups was seen when
cansanirations in §iver were gonsidered
Howewsr, the dacrease in cosgentralios
with timg was move precipitous because of

the grogressive growih of the offsgring,
and hepatic contentrations were barel

significant after 3 mo of age. Llear dif-
Terencey in skeletal depositinn oould nob
he detacted amuong Lhe Three Dresatally ex-
pased groups, atthougn a1l were markediy
higher than in the CX group.  The boenes of
the head tended ave higher imibial
zoncestrabtions Than Lhose of The appendic-
ular skeleton (itiustrdated by the zmandible
ang femur, respaclively), and the vate of
decrease tendsd ta be lower as the resull
¢f slower growth in the pestnatal periopd.
Felention was tenscious after the initial
rapid dagline through 3 mo of sge, ang the
animals of the ihree prenatally exposed
groups received significant skeletal expo-
sures  Lhroughout the duration ef ihe
study.

Lo
il
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kesults from our previous experimests sug-
gested that orenatal rats werg less af-
fected by intravenous sexposuras of their
dams Tz “1Am Lhan to TSPy, on oan admine
istered doss hazis. Much of the differ-
pnce was atiributable to differences in
placental transfer and the resuiting radi-
atiop dose received by the fetus, bul we
coutd not ruls out the influence of sirvain
diffevences, w«Righ we had demonstrated
with pletonium. Yo betier define ihess
fagters, an erxperiment was iaitistegd Lo
obtain & contssporaresus conparison of
ezhryaric rvésponsé and to obiszin &ddi-
tienal dogimetric dats. Bassd on approxe
imate walative fetopiacenta! concenira~
tiens, calcuinsted from the dals of qur
eartizr experiments, pregnant rats at 9 ov
15 dg weve istvavencusly injested with 10
or 3G nd¥sg of E3VPL oor with 30 or 490
slidg of 2%am. To redace variasbility,
the znimals were bred during & 7-bre pariod
in the morning and are thus spprasiralely
B Br oyo sgpd SEEV T Gls

L iy ongoing, bl
gnships are alrgady
{Tabie ). Franat morta | by
cpazed uy the highest dase of ple
tonias v americium when adninistered 3t 9
dg, thi indreasze was of similar mageituds
in both groups desgite the threefold dif-
Fercnce tn adminisierad dose, Weights of
vhe Zi-3g Tetases were affacted anly by
exposire 31 9 dgr a siginificant decvaease
was sesn at 38 nlifg plulonius aid an
alpost-zignificant decraase al %8 alli/jg of
americium,  Placenial weighl was signifi-
cantly reduced unly atter esposure 5 Lhe
nighest doase of plotonium at 9 dy.  Ex-
pesure at 15 dg did nol sffect prenatal
mortaiity, fstal weight, or placental
wetght.
















® Handord Life Sciences Symposium

TomChairpersons: R, C. Thompson and L AL Mahafiey

The 22nd Annua! Hanford Lifa Sciences Sympiasiurn, an the topic “Life-Span Radiation Effecys Studies
in Anirnals: What Can They Tell Us?,” was held in Richiand, Washington, September 2728, 1983, 1t was
attended by approximately 150 regisiranss from 7 countries, representing mare than 3 laboratories
and funding agencies. Fifty papers and more than § br of discussion were packed inlo a very full 2

tays.

& panel of threp sminent shatisticians
critiqued papers as ibey were preseniad
and led summary discussions. This was an
arvlyimeyd fealure of the Symposium, and
these disgussians will be included in the
published Proceedings. The statisticians
on tiis panel werp: (v, Marvis Schaeider-
#an of Clemant Associates, ArTington, Vir-
ginte~for many years at the V.5, Nationad
fancer Institute; Or. Kenny Crump of Sci-
ence Resparch Systess, Rustin, louilgians;
amd O, leon Resenbistt of Gensblicen,
Ing., Walnut Creek, Lalifornia.

The first session af the Svmposium in-

ciuded eighl overview papers stamarizing
woerk in progress in major laboratories

canducting  Tifespan  vadiation effects

stedies.  Additiona? papers iacluded len
from Pacific Northwest laboratory, seven
from the University of Utah, six froms

igvelace Irhalation Toxizolegy Resesrch
Institute, three from the Univergity of
fatifarnia at Bavig, thres relating to

French studies, Lwo wagch fram leferade
State University, George Washinglon Uni-
versity, and from the Jaborataries in Mol,
Belgium;, and single papers from Japan,

Australia, West Germany, England, Argonne
Hatiopdal i(aboratary, Lawrence-livermore
Laboratory, Gak Ridge Associated Universi-
ties, the University of Ghizage, and the
U.5. Afr foree School of Avistien Medi-

Line.

The Sympasium also heard apening resarks
Trom Dr. Alvin Terivelpiece, Hirecior of
the Dffice of Energy Research, 1.5, De-
pariment of Esprgy {DO£Y; and a descripe
tion, by Ov. G. 8. Gerber, of radiation
pretection studies sponsored by the Com
mission of the Euragean (ampunities, with

special emghasis on the petential for ¢o-
operative studies imvolving ULS. programy
and Ewropean scientisis. Spe¢ial recsgni-
tigs wes given at the Banguet to Harry Al
Farnberg, who inftiated the Hanford Life
Sciences Sympesia in 186Z; and to Herber:
M. Parker, who, ss DMrector of the Hanford
Laborateries, gave continuing supposrl Lo
the development of the Symposia.

If there could be sald to he a recurvent
thema it might have been the imporiance af
st neglecting the factor of timm in the
evaiuation of dose-respanse relstionships.
The day hasz passed when raw dngidence dala
can be reported, even as preliminary data,
without raising critical guestions of
whan, i relation o exposure, the effect
seguryed.

Mary caulions were expressed concersiag
the myriad of unforeseen and gossilly un~
appreciated biases that may influence an
experimental result.  The Tesson o b
learned 15 not that all such blases can be
avoiged-~the important thing is that thess
biases be recoguized, and acknowiedged,
and ailowarnce made for them in the inter-
pretation of resyits. The probiem of un-
appreciated biss is particulariy prevalent
when, as offen happens in %these studies,
sata arve intergreted by persons Or groups
aot involved dn the allectich of the
data. Every effori should be made 10 in
vuive the data coeilecter in such interpre-
tations.

The complete Proceedings of the 3ymposiue,
ecdited by %oy £. Thompson arndd Judith A,
Mahaffey, wil) be published by DOE as a
velume in their UOf Symposium Series, and
should be svaijable befurs the end of
18584,
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® Gut-Related Studies of Radionuclide Toxicity

Principal Investigator: M, F. Sullivan

Other Investigators: R, L. Buschbom, R. A. Milter, B, S, Ruernimier, snd L. L. Ryan

This project is concerned with the behavior of radicactive materials that may be ingested as a zonse-
quence of 3 reactar aocident, unavoidable oooupational exposure, or after release 1o the environment
and incorporation inta the food chain, Curreat emphiasis is on evaluating hazards from ingested ac-
tnides as a function of animal age, species, nutrition, and diet, ar chemicephysical state of the aciinide.
We are also voncerned with the behavior of actinides that are inhaied and pass through the gasiroin-

testinal {1} wact after clearance from the tungs.

Recent experiments have shown that the
dose deperdency of the transfer faciop,
Ty, tor absorpfion ¢f neptunium, whigh we
reporied earlier, i¢ due (o the reducing
effect ef the intpstina) content on Np{V).
The Kp(V) is presumably changed to Npl(lIV),
a7 cxidation state that is less well ab-
sorbed  from the gastrointestinal {(GI}
tract than Np{V). By resiricting food
censumption or by suphlementing doses of
Np{¥) administered fo sither adult or nec-
natal rodents with oxidizing or redusing
chemicais we were able %o stimulate or
arevent the influence of the 81 comtent on
the HNp(V) sdministered. We bhave also
shown thal tbhese supplemental chemicals
inflaence the G absormiion of 233Y in the
same Way. Resuits of other experiments
have showr that 23%py absorptise s in-
creased §n animads that are anemic hecause
of an iren-deficiert dist or age.

We have gemoasirated that the marked plu-
tonium absorption in nespatal or wsanling
rats gavaged with #2382y 45 a result of the
maturity of ike intesline and s not de-
nehdent, an the ingestien of milk st the

time of gavage,

An inhalatios study with rsts that re-

cetved #478n aitrate sertss’s showed that
siearance from the Tung was nuite rapid
(T, = 28 days) ang that retentfor in the
sk%@etaa was protracted. Ho bane tumers
were found during the 2 yr these aninals
wers observed for the ocurrence of late
effects. The onily neonlasm, other ihan
mamamary of pituitary tusers, was s siagls
Tung carcinoma in a rat sxpossd to 0.15
pli of Z27Hp.

influence of Fasting and/or Oxidizing or
Heducing Agents on the 41 Absorotion of

ZS?NE

Resuits reported earlier {Annual Repori,
1882} demanstrated that mepivnium absorp-
tion was dise-dependent. Since neptumium
Can exist as Nalilivi, Np{¥) or Bpi¥l} and

e

o

tas been shown by others in this labora-
tory Lo be absorbed frow the £ fract at

varipus rates, depending on the oxication
state of ithe neptunicm administered, it

seemed plausible that such 3 change in the
GBI tract might be vesponsibie for the un-
expectied dose-dependency for absorption,

To deterzine if the GI rontents were re-
sponsiblie, groups of rabs and mics wers
fasted 24 hr before ard 4 hr afisr gavage
with aither 25%p or 235%Mp nitrate. Other
groups of rats and mice that were efther
fed ad 1isitam or fasted were given doses
of ithe oxidizing agent ferric nitrate as a
supplement, to Z%78p.  This agent 15 known
te maintain neptuniuw in 45 pentavaient
state &ut does not axidize NplV) teo
Ap(vl},  The vesults obiained when the
enimals were kitled & week later are shown
in Table 1. Tt is apnarent from the ab-
sorption amd retention data that fasting
resulted in 2 5-Fald increase ¥n rats anc
an i8-fold increasa in mice, Ferrie iron
vawsed an wven greater ingrease (B0-fold
in rats and 159-fold 15 mice) in absorp-
tion. Yo desonstrate further that the
effect of the intestinal corntent was Lo
atter the valence of nephunium, a reducing
agent, ferrous iron (Fesh,}, was given as
z supplement to Np{V3}. The resulis are
gise shown in Table 1. Administration of
ferrous iron resuiied {p less neplunium
absgrpiien by fasted rats and mice than by
fed contrals; presumably, ¢ue ta the re-
duction of Z3¥Np{V} to #9%Np{Iv)y.

The influence of the intastinal content of
adult animals in veducing the chemical

farm of an is¢tope is we'll knows, bul Tess
1% known about Ehe Influence of the GI

content of sucklings, Therefore, suck-

1ings were given *%7Np supplemented with
various cepcentrations of gither ferric or
fereous dron. The vesalts {Table 23 indi-
cate that abserption was stimulated by

fervic iren and deprassed by ferrous iras,
simitariy te the case for adult vats; how-
ever, the cegree of change was less.



TABLE t. Influsnce of Fasting and Oiidizing o Reducing Agents on Neptanium Absarptics: by Rats Gaveged with 77Np
Nirtate oF Mice Gavaged with 79Np Nirats,

Percent of Gavaged Neptuniom

Fed Contols Fastez Controls Fasting + Feitddyly Fauting + Fet(y,
Tissue Ears it Aako 18 Ras (251 Mire &) Rats 43 Mige 09 Rats (341 sdicy %
Carcass .07 .43 039 A 3 4.7 £.03 G313
Laver FERE ¥4 {3001 [EREX) naiz i 3 0.0 0.z
Lrine (03 naz .04 £ 2 1.3 [ s 24
Toral Abworbed .14 R £1.65 1 8.4 4 oy 04

WIN ambers of animadearoes shown o marenthesss

TABLE 2. Infiuence of Owidizing of Reducing Agonts on Gastrointestina! Absorstios and Retenson of heptunium Gavaged 1o
T faayOld Rare as ©FNp N, gl 15

Farcem of Gavaged <5 ~in Diose & SEM

s Conrad o gapial

Carass 347 iz
Live¥ 013 {EE3
featal Hetainged SR D2 @803
I embe: of rai shiner e parertheacs
The Effect of Fasting andlor Oxigizing and Effact of Irpn Deficiency on Plutonium G
ggg’uc sg Agents: en the 51 Abusorption gf Absorplion by Rats
4}

Ragar reported {(Asmual Report, 1373) thasi
&ltheugh the absorption of uranium by man mice fed an irun-deficient diet abserbed
in industriasl centamination actidents is more 239Py from the GI tract and retsined
reporied to be as high as 10%, cur study move parenterally injecied 2390y (Annual
on the effsct of mass on GI absorplion by feport, %74} than mice fed a balarnced
rats {Anngal Report, 1987) did not suguest dist. Howsver, rats fad ap iron-deficient
d reaspn for the contrastingly lew abserp- dist Aid noi absoerk more Z39%P, nor retain
tien, 0.01%, by animals {Annual Report, more when 7t was injected parsnierally
9F4Y . Since granium eogurs in several than their goptroel group (Anneal Reports,
oxidation states, Tike nepiunium and plu~ 1975, 19763, This suggested & differeace
tonium, we gavaged rats with 2330 ¢1Y) in species response to iren deficiengy cr
nitrate, pH 2, supplemented by sither fer- an effect of as anknown source of dietary
rie Tron, which should maintain Lhe gran- iron,
fum in the Vi state, or tron powder which
should maiantain uranium in the IV state. s compure the effect of ar jron-deficient
The dats obtained are shown in Table 3. diet with that of an iren~replete diet on
Thiey show that Fasting resulted in & I2Bpy abserntion, iws groups of rats {Ta-
thregfold facrease in GI absorotion,  iron bie 4) wers fed an iron-defizient diet for
powder did net decrsase tha effgrl of 24 days, One-ihird of thelr bicod was
fasting, but ferric irsn causes a 20-Toid withdrawn to further depress their iroe
increase in absorpticn in comparison to stores.  Some of the rats were returnsd to
fasted conirels ang a 50874 increase in the balances diet and gavaged with #%%py 2
absorption in tomparison to rats fed ad gays lsber., Obhoevs resained op an iren-
tihitur. These results suggest that the deficient diet until they were killed at a
higher reported aksorption of sranium is week after *28Py gavage.
assariated with the uranyl (Y1)} valence
state, ang the lower absorplisn commoniy The dats in Table 4 demonstrats that 22Epy
seen in rats i3 associated with the IV absarption was increassd threefold in rats
valpace state. maintaired on the iron-deficient diet un~
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TARLE 3. tnflucnce of Fasting and Oxidizing or Reduring Agents an 23200 Absarption by Rats Gavaped with 233U 0V Nitrae,

o 15
. Pervent of Cavaged 29IV« 5EM
Tissue Fod Lontrols it Easted Compols (6 Fastiteg + FeiNC5, Fashing + Fo Powder

farcass EREX] .05 '3 50

Biver L0003 .80 $04 0.0

Einey EREEI B R {1 &1 G213

Lisine .33 {31 194 1343

Total Abosrhed 347 - G2 7 i 124

Wikt of wts osed i nareetheses

TABLE 4. Influenge of
by Weaniing Rats Gavaged with 40 wCitke 23994 Nitrzie.

Aperia Besufting from an lron-Delivient Pet, andd of Blood Samating, on € Alsarption of Plutonium

frrary Trpgiment

Tron-Disticint

Irgpre Ieliciens 70 ained ronReplets 1 by

25 43

Fennue freae Kepicte
Bloand Hestabzond " Ak
£t iy HR
Livet iz
[T A

Total SAbeorbesd
RUNETET A
I [hyges 2l wyeirg fesd an iroficie

SH fhe pumiber o

i shiowe o parentheasy, Al were lled 2 7

[EhH 3.8

04 LU

L R
EXTLENRY PAE

lays Ao gavage

gient dwt then setwened 1o g normal dran-eeplers dhet far 2 daws berore gaiago.

til they wers killed. [t was not in-
treased in rats thal were first given an
iren-deficient diet, then raturned te an
tron-repiste diet 2 days before “28py ga-
vege. This indicsaies that in the aremic
rats {he increased absorption of %9¥%pPy was
not demendent oz the desand for Jren.
Tastead, it was tag vesuli of the avail-
abitity of the ivon carsier syvstem in the
intestine that preferentially bound the
avatlable iron due %o the demand by the
eryithradd prosesces,

Yaflyence of Age and Diet on Plulenium 4]
Abserolion By Neogpatal Ralg

Ta determinpe i ingestior of negnatal
“A3p-contaminater exgreta Dy nAursing dams
conptributed, via sursing, to the zmount of
98Py retainsd by suckiing rats gavaged
with #38py nitrate, pavi of a litter was
separated from their dam and maintained at
3L, while the remaipder of the Titter
wis suckied ang killed a day jster. The
resuits, shown in Table 5, Groups I and 2,
indicate that the weaned neunsies retained
three times as much %388y 3¢ those that
vemained with the dan.  Although analysis
inicated that much of the asoratal ex-

creta was ingssted by the dam, fasting ar
stressing the weanltings sesulted in highee
2852y retention than sccurred fa sucklings
aursed until degtb.

To determing whether the rapid decresse in
plutoniue absorpiion thai ecdurs when rals
are weaned iz a vesylt of maturation due
to sHatary change or to age, Titters of
rats wars divided into grouns that were
approximately equal in sex distripution,
and szome arimalg of each jitier wers
weaned at 21 days of age arnd gaveged with
2%Bpy nitrate.  Others were not gavaged
unti? a week afier they were weaned amd
ware then fed rat chow. & third group was
not weaned ontil 28 days, wher they ware
gavaged with #2%Pu nitrate. The vesulfs,
ghown in Table %, Greups 35, indicate
that absorption was highesi in ihe rais
gavaged at 21 days. 1% was lowest in the
group sucklad until they weve 2B déys old
and then gavaged. Weaning and feaeding
them rat thow did not enhante maturalios
of the macssal epithetium,

To cofigare the inflyencs
ium ahsorpiicr, & group
rats aznd & group of aged

of agw an
¥ youniy
rats wira

plutan-
adult
gavaged



TABLE 3. Influpnce of Age and Dhet on Phacnium Absorption by Suckling, Weanling o Adu't Rats Gavaged wih 3Py mitnate,
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with ¥382y nitrate after an giiquot of
bBlood was withdrawn for peasurement of the
vatlune of packed ved bisod cells. The
hematecrit of ihe aged rals was depressed
to 2 walue below that of the young rats
{39 versuys 46%), bot thers was no giffer
gnce in the retention of #5%Py in jiver or
femyr., Howsver, $he guantiily measuved in
the carcasses of aged aguils was 38 times
aigher than in the younger animals, This
suggests that i¥ the increased absorption
was velated Eo the shighily aremic candi-
tion, the femur, which was used o ca'lcu-
Tate the skeletal 2380y contert, was not
the site for *%%Py gepcsitien in aged
rals, Further study may deternine whethsr
these results are representative of pig-
tonium absorption by an aged popylation of
animals and, perhags, by ®man,

Behavior and Taxicity of [rhaled #37Ng

An sxperiment desigaed to study the fung-
ciearance dynemics ang foxicity of inhaled
223745 was resentTy conciuded, Ine hundred

rats were oxpased in groups of 2% to 227Np
aitrate asrosols.  Thelr deposited doses
were U, 0.0, 0.3% and .3 pli, respec-
tively., The initia) Tung burdens were
0.02, 0,05 and 0.99 w4, These dozes were
the same a3 in eariier Russian inkalabtion
studiss that were roporipd to have caused
sumersus skeletal neoplasss. Dur clear-
ance data {Fiqure 1) agreed with their
cltearsnce  resuils, fotlowing a  two-
compseiment model.  The heif-times ssti-
mated by ihis model were Z8 davs for the
early period and 8664 days for the deep
Turg clearance, The sarly oiearancs re-
suited in anly 3% remaining io the Tung at
90 days. Although the half-tims Tor ¢iis-
inzting “3"Np from the skelipian ¢id st
seour before the last animals were 717ed
#t 730 days atier sxposure, no base tumors
were shierved, This difference from the
pubiished Russian dats may have men due
Lo the difference in ral strains or to ths
smatl mamber of our anipals retsined for
shservation af late sffects.

-
g
1 WP ,
i ot ;‘x
2 33 e v =21 280080 | g 74 o- 000008
z
g 2G @
-
=
5
i3
EL
PO
& A O %3
g oo S SR s—r— 1 T S S0 {015:0 ROYS e e
g 100 2D 00 4a0 B0 80 FRiif

DAYS APTER 23Np INHALATION

FIGURE 1, Clearance Curve for the Blimination of Neghunium faem the Luags of Rats Expased by inhalation o 7 Np Nicate,

0



s  Modifving Radionuclide Effects

Principal investigator: 1. B. Sasser
Qther Investigators: D. D, Mahlum

Technical Assistance: R L Rommereim

This project invaives a study of the relationships of physiological, enviranmental, and nutritional fac-
tors that may affect the metabolism and toxicity of radinnuclides, with the aim of identifying segments
of the papulation that may be particularly sensitive 1o radionuclides. We have studied placental rans-
port and suckling as pathways for americiuem entry into the newborn of juvenils rat. The relative
arpount of #9Am reaching the offspring was dependent on the time of dosing in refation to the preg-
aancy: larger amounts were transferred via nursing than asross the placenta,

Data reported previcusly {Annual Reperts,
1973, 1988} demonstrated that the relative
amounts of ploetenium reaching the of¥-
spring via the plazenrta and by nursing
were funotions of the tempora) velation-
ship between plutoriom adeinistration ang
pregoancy. [t {5 well documented Lhat ihe
behavior of plutonium differs =omewhat
frem that of americium in the agult, and
recent data suggest that greater amousts
of pivtonium are transferrad Lo the fetys
campared to amevicium.  Because of these
differences, it seemed appropriais Iz in-
vestigate the fate of awericium s af-
fected By pregnancy and lactation. Therg~
fore, the objective of these studies wag
to determing the effsct of pregnancy and
Tarfatise ob the transfar of americium to
the affspring of the vat. The experimest
way designed so that female raits wers
dosed while nuilipavous (30 days prier to
maling}, pregnant {13 days of gestation;
4g), v ltactating {1 day after pariari-
tion): the subsecuent transfer of americe
tum to the offspring was then messured as
a function of offspring age. The pretogg
describing this experiment and preliminary
dats were detailed in last wear's Annual
Report (19833 we now repert the comple-
tion ¢f the experiment.

Appreximately 50% of the isjected dose wasg
initially retained in the Yivers of all
r3ts; however, the Bizlogical haif-time of
2aigm in the !ver of rabs dosed when nul-
Piparaus was only 10,8 days, compared with
25.6 and £7.1 days for the pregrant and
Tactating groups, respeciively. The ipi-
tial concentration was approximately 5% of
the iaiected dose per gram eof liver,
whereas the concentrations in all othar
tissues were I¥ {or Teys) of Lhe dose per
gram of tissue. Howsver, ratentisn by
kidney, femur, utevus, and muscie was pro-
Tonged compared to that of the 1iver,
Agericium concentratian in splieen and fe-

mur actually docreased slightiy with tims
afier oosing.

The concentrabion of 2%am in mammary tis-
sug, milk, apd placenta (thoss Tissues
divertly related to exposure of progeny
as well a¢ the amount transferred ta proge
any are shown ip Table 1. The initial
concentration in mammary tissus of rats
injected while pregnant or lactating was
approximately threg i1imes grealer than
that of the greup injected while nullip-
arous.  The relesse of 29%4m from sammary
tissue appeared Lo be acoentuated during
lactatipn; the half-time of 243Am 35 the
nagmary tissue of the "pregnant.” "lacta:~
g, " and "nuliiparous" groups was 7, 9,
and 17 days, respectively.

The amsunt of 2414w trancferred to the
milk was direcily varrelated to the temp-
ovsl relationship belween exposuri &
iactation, [Fven though the concentrabion
of #31Ae i the mammary Lissoe af the rats
dased when pragnant or when Tactating was
essentiatly equivaient, the transfsr of
2% 8n to the mitk was greatest im animals
dos#d during ltactaties. Thus, it appears
that the amevicium concentratien of milk
wat more ciosely correlated with the gire-
alabing blood Tevels of ¥30Am rather than
with concentrations in mammary tissue.
When expesure otourred preparium, the re-
tatped 4 0m iended te hecoms bound in
varioys fissues and was less availahle
during mitk synthesis, Surprisingly, bow-
ever, the concentraticr of 2 Ax ip milk
of the nulliparcus group wasz substantial
as late as 7 to 10 wk after dosing.

The relative amount of americium reaching
the offspring was dependent on ihe time of
dosiag in relatien to pregnancy. Aporoxi-
mately 0.01% of adminisiered activity was
trarsferred te each pup in wiero 1 day
after injfecticsn, whereas 2%iawm could not



TABLE 1. The Csatentration thMean & 55} of Amanciom in Mammary Tissue Milk, Placenta, and Progeny after the intravenous
Admimsteation of “31Am Chirate 10 Rats whep Pregrant (33 Diays of Gestalions, Lactating €1 Sav Pospartum). of Mullipasus

=30 Days Before Concenticn).
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be detectad in Teluses whose dams were
injectes before conceplion. When exposure
oceurrad during lactation, approximately
16 times more 2% Am was transferred Lo
gach offspring from miik than was trans-
ferred from the placerta when Lanosurs
soeyrred late in gestatich.  Furthermore,
more “%1Am was veeeived by Lhe progeny via
milk if exposure of the dam octurred due-
ing Tactation rather than during preg-
BAY .

Although 1t gould net be detected in fe-
tuses of dams expased pricv Lo pregnancy,

&6

the Z%4m corteat of the pup inereases
steadily through 18 days af nursing

Thus, when gxposure scourred well in ad-
vance of pregnancy, 2%lAs was apparentiy
ol transferved acress the pliascenta but
ooy through the milk,

The amount of Z¢iAn transferred zcross the
placenta was a factor of 10 less than that
greviousty reported for plutonium, whereas
the amount transferred via milk I day af-
ter injectisa was 1L times graater Lhan

that found for plubzoium {Annual Eeport,

15960).

































¢ Tissue Dose in Fossil-Fuel Exposure

Principal Investigator: R, E. Schirmer

Other Investigators: 1), Felice, B, 1. Kelmar, 0. L. Springer, and R B. Westerberg

Techaival Assistance: €. AL Fankhauser

The halt-time for plasma clearance of benzaja]pyrene {BaP! in the Sprague-Dawley rat is approximately
10 rain as estimated from biooad levels follpwing intravencus administration. Blood levels of BaP and i3
polar metabolites rose several bours after percutanecus or intravenous <dosing, suggesting that biliary
zycling is important. By both routes of adminisiration, the plasma concentration of polar smetaboiites
was greater than the corcentration of unchanged BaP at all imes. Anather observation in the expire-
ments was that 6-aminpchrysene was absorbed much more slowly through the skin than Ba?.

Studies of the percuilanesus absoepiion and
subseguent disposition of benzsfaipyrene
(BaP} and &-aminochryssne (6-A0Y have been
initiated in rats. Thase compounds ware
seiected a5 representative of Lhe carcing~
genig poltynuciear arsgatic hydrocarbons
ard polynucizar aroma®ic amings pressnat in
some synfuel process streams,

The dispositicn of BaP in the rat was ex-
amipged by adminlstering 0.4& pumoles of

Y40<Tabeled BaP {10 ¢fi tota) actiwity) in
50 ul of acetons to 1L 300-g {nominal}

Spragug-Dawley rals By injectisn into &
caudal vein,  Anather 10 rats were dosed
fstlowing the swme protuecs? bul usimg di-
sethylauifonide {IMS0) rather than acetone
as the wehiclg. Blecd samples were then
cotlecied from the tail vein at intereals
up Lo 24 hr afier exposure. A porition of
the plases from each bisod saspie was gx-
tracied with sthyl acatate, followsd oy
2:1 ethy? acetaleacetore, and belh the
sroganic extract sad aguecus phases wers
counted. Counts in the organic phase rap-
resent. BaF and simple phenciic meilabg-

Tites; tihoce remeining in the agusous

ghase after extraction rvepresent highly

polar metabelitey such gz sulfates, giy-
curanides, anpgd glutathione conjugates.

Yhe plasma concentration of unchenged BaP
was Lthen determined by analyzing the or-
garis extrasi by means of high-perTormarce
Yiguid chramatography (HPLL), using a C-18
reverse-phase coluan and flyoromeiric de-
tection, The mubile phase was acehoni-

trite:water, BO0:20.  Several of the Bsf

concentrations were confiemed by indepen
dent measurepeni, using gas chromatog-

raphy/mass specirometry,

The percubsneous shsorpticen of BaP wag
gxamingd hy appitcation of 1.15 proles {25
JET1 BaP to the shaved backs of rats in
250 1 of DMSD. The dose was incrsased
for this study becauze the blosd levels
ware expacted o be miuch lower than thoss

17

found fFoliswing iatravercus (IV) adninis-
wraties. Bload samples from anizals dosed
percutanenusly wers coilected and analyzed
in the sams manner &5 the samples frem the
1V experiments.

The plasms concentrations measured in
thase experiments are given In Table 1. &
significant proportion of the tetal Bab-
related materials in plasma ars pressnt as
nolar metabsiites thal o act axtract in
the ethy! acetale: acetons system. This is
trup 3% the earifest times wmeasured and
for poth I¥ and percutanesus admiaistra-
tfan, The dnitial decline 9n concentra-
tians of both Baf and paelar metaboiites
was followed by a rise in concentration
between 2 and 6 hr afier expusure. The
rige s most obvisus for the metabolites,
but i¢ 2lso present, 2t least g3 an in-
flection, in the BaP gorcentration-versus-
time curves. The riss in corpentration is
bglieved £ De dus to bitiary resyciing of
BaP and its metabplites, which has been
reperiied by other investigatcors. {ongan-
trations of the nonextraciabis metabolites
in the plasma sre generslly yrester thas
those of parent Bab, with the difference
beimg much greaster when the dose iz ab-
sarted through the skin ratber than in-
jscted inbravenousiy.

The nalf-iime for <tearansz of Ba¥ from
piasma is on the arder of 10 min, esti-
mated from the initial slops af the
plasza-tevel-versus-Ltime nurve. However,
bitiary recycling makes the effeciive
Batf-time much Teonger, resulting in ¢ig-
nificant Tevels aof Baf in plazma even si-
ter 24 hr. A simiiar effect was observed
for the major nonextractabis metabsiites.
The persiztence of plasma levels may allow
BaP and its meiapolites io accumulate in
the body under conditions of repested ex~
poasure, even when periods ag greatl as 24
fir separate the exposures.



TABEE 1. Prasma Concestralions of BaP and Polar BaF Metaboli
Sprape-Dawley Bats.

24 Following Epidermal and Intravenous Adednisiration o
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The percutansous absorption of A-AC was high sensitivity. However, iaterfering

studied following appiication of 1.8
umoles af &AL in 54 4) of acatone io the
shaved oacks of rats. The protocol was
sigilar to that described abeve for the
BaP studies, but a sarial sagrifice was
agded to abtaln skis sampies for divect
medsurement of the amsust of S-AD remain-
ing at the gite of appiication as a fups-
tion of time. FPlasma samples were taken
up ia deoetonitrile, centrifuged, and ana-
Tyzed by HPLL on & lorbax C8 reverse-phase
coiumn using methano)/water, 80:20 for
the mobite phase, ang flusrometric datec-
tion., Skin samples were extracted with
ethane!, and the extracts smalyzad in the
sage manner as the plasma sampleg.  An at-
tempt was made inmitially te gse an elec-
trochemical detector for this aralysis be-
cause prelimicary resuiis obtained on
mruse skin containing B~AL lonked wvery
promisimg and the detegctor pffers very

substances oresent in fhe rat tissue gnd
piasma sasple:s prevenied applicatien of
this detectizn method until a sigitadble
greseparation procedure can be déveloped,

The resulis of the skin analyses are pre-
sentest in Table 2, Vhe quantity of &AL en
the skin fell off rapidly during the first
i~% hr, then became almosi constant, with
1 of the dose still oresent at the site
of applicaticn after 24 . The low rate
of remseal of B-AC from the skip resulfed
in very Tow nlood levele. In spite of ths
high sensitivity of ithe fluerometric pro-
cedure {Timit of detection 1¢ less then 4
picomoies/mi plasma) and the relatively
high dose, blood levels of &AL were 0t
detectable in this experiment. Additional
developsent work will be necessary %o
achigue Righ enough anatytical sensitivity
to complete these measurements,

TABLE 2, Fercent of H-A0 ose Beraining ot the e of Applice

tioan after Epdedermal Apphicalion s Spracue-Lewiey Baby

Jame oftel Aoudhcatinn
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* Aecrosol Technology Development

Princigal Investigator: W. C. Cannon and £, 7. Blanton

Technical Assistani: 8 W. Killand

The ohjective o this praject s 1o improve technigues and apparatus for generating, samypling and
characterizing aerosols and for exposing Iaboratory animals to airborne poliutants. in the past vear we
have refined calculations for estimating lung deposition in rodents; evaluated serosol penetration in
new, nase-only chambers: and improved methods of sampling aeroscls by eliminating charge etecrs.

fmoroving Estimates of Lung Depositios in
Hodent Exposures

Buring rodent expusures, the depusited
agresal aotivity ia the Jung {(initial lusg
ourden, ILEY i¢ gstimatay from the orodugt
of time-welighted average cerceniration and
exposure time. This quantity, calied “the
gxposurs.” 15 calculated by neltiplying
sancentration by time {min-nli/iL), and is
sysboifzed by £, The value of £ is wp-
dated by perindic measurements of aeroso}
wincepbration as the asimals are being
axposed.  Aerssol foscepiration along is
insutficient to prediclt tung deposition
zinrge the latbter is also affecled by par-
sicle size. Howsver, we have had no ade-
guiete methes for reai-itime measurement of
the particie size of alphz-emitting asre~
s¢ls.  wWhen the aevosol particie size is
different from that used in previous expo-
sures, we reed some simple way to modify
gur wsbimates of lung burden during expo-
SLTe.

For some time we have measured tolal coi-
centration with 3 real-time monitor, cale
vulating © afier each measurement and es-
timating the activiby depositsd ia the
Tung at that time. We then ifermirated the
exposyre when the estimated It reached
the target value. In rats, the probabii-
ity of lung depesition is less far par-
Tieles targer bhan 3 um in aersdyramic
diameter than for smallsr particles. We
hypsihwsized that we could make moeres ac-
curate estimates af Tung depositien by
ignoring particiss above some given size,
d. ¥We catoulated a new exposure walue,
£, which inciudes only the gerssol parti-
cies smaiier than 4, and Dased deposiiion
estimates on this value,

We propose t¢ install a preseiecter in the
monitor inlet thst will filter out the
sarticles Targsy than 4, By zatculatisg
E, instead ¢f E we will achisve betisr
estimates of the geposited lung burdens.
To discover which diameter, d, weald re-
stlt in the bast Tuhg depositien sstimates
we have examined zatz Tram past aercsel

apusured.  These exposures included more
than 2004 rats that ware exposeyd, noge
only, to plutenium dioxide serssols tagged
with ylterbtun- 162, This fag 4% lows us Lo
measure the body burden of each animal by
in wive counting and to calculate J1Bs by
extrapolaling back io the time of axpo-
spre.  The particie sizes of these aero-
5518, determined from gascadge impactor
sampies coliscted duving exposurey, varied
from an AMAD of 6,88 to Z2.%3% pm. From
these ¢ascade impactor data we calcoylated
the fraction of pluleniug activity in par-
ticias smaiier than 2 pm, smaller than 1.5
we and smalier than 1.0 pm, respeciively.
Multiplying | by these fractioms, we ob-
tatn vatues of £ and F which

T { 4
are "exposures" 2?%? ihg aerr%égaﬁdiﬁg
particle-size culs.

By dividing, by £, the amount of activity
deposited in an animal we sbtain 4 factar
relating exposzure Lo deposition. This
tachor, which has the same units as Flow
rate, can be interpreted as the affective
minute volume of the animal for lung depo-
zition. Yo detsemine values of £, we Look
sampies of an exposure aerospd at three
purks with Tilter samplers. Dividing the
Fitter aclivity by the sampler flow rais
provided a direct measure of £ We calou
tated the mean value of £ for each group,
then, as explainsd shove, <alculated the
mean vatues ¢F L, ., E ant £ .

2.0 UiLB g

The body bHurden of each animal was mea~

surad st 7 and 14 days afler exposure.

The mean valuas Tor pach exposure group

were determined and sre symbolized by B,
and B,,, respecbivaly. We then sstimated
the IiB {By) by assuming that ihe clear
ance curve bebween 7 and 14 days could be
extrapolated fo time O

2
By = {8} /8y,

Thke values measured are actually zotal
body burdens but since, by day 7, most of
the remaining activity s in the lung, By
ard By, are essentiatiy lung burdens.



Foar zach exposure group we have three lung
purdens and four £ values and gan calcu-
tate a total of 12 effective minute vol-
umes. We then test these values by cal-

culating estimated Jung bdurdens From B

values angd compave them to the seasured

Tung burdens. Using E, . E, .,

and E, ., oOur astinata%ggfﬁ ?agﬁoburgég

wEYE \3‘1?‘75{‘ 10% of the measured value for
the aumber of times ingdicaied ¥n Table 1.

The highast scores wers achisved using

£ and & . the best cut-off diameter
wgé?d bye: apﬁ?gximateiy 2.0 um,

TABLE 1. Number of Estimated Lung Burdens Wialwon 10% of

the measured Value Maximeamn scom possible s 58

Bssailre

bractions: Lroyiac Legy Fis Eix

To further improve estimates, we wiil also
consider using preselectors such as gy~

ciane ssparaters, which kave oollection

efficiencies more <losely approximating

the voper respiratory tract of the rat.

Aerasn] Penetration Ffactors

{ine of ihe more imporiant attriboles of an
aeroso) exposure system iz its ability to
deiiver the sersso} with minimal changes
in properties. For ithis reason we Tnves-
tigated the charactareistics of asrosols din
the Flow-past chamber which we receaily
deve'loped for nosg-only aercss? exposures
af rodeats. To assesy changes in aerossl
size distributions cgused by the chanher
geameiry  we  simuitanecusty collected
cascade-impacisr sampies at ithe chamber
inlst ami 4t an exposure port. The plu-
tontus activity of the #95Pul, aeroscl was
amaiyzed by counting {ts i¥-keV X~rays,

Because the impactors were matched for jet
diameters and fiow rates we couid directiy
eompare stage activities Lo determipe the
peretration factor ef the chamber for
eight asreoscl size ranges. Ihese daia
were coilected during I8 rat exposures.
Figure 1 shows the mean values of the ra-
tie of the exposure-part impacltor-stage
gctivity to the inlet ispactor-stage ac~
Livity, pletied against the midpeint dian-
ater of the stage. %iandard deviations aof
those ratios ars platied as ervor barsg.

Fros figure 1 we can gstimate that ihe 508
cut-peint of the chamber is 6.5 um. A ar
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example of how this might affert exposure
gerasols, we have estimated the zergsol
Tess in the chamber for two log-normally
distributed asrossls having AMADs of 1.3
and 3.0 um; both have a gsometric standard
dewiation of 2.5, The Yoss of the first
asrose] would be L3% and of the second,
37%. Although ihis Toss would ofcur
mostiy in targe particles, for whish the
mrogability af ‘tung depositien s wvery
small, in  studies dinvelving upper-
respiratory-tract depositicn, the lass of
the iarger-~size asrosci particies would ne
auite significant.

Flimingting Dharge Effects in Aerosc] Sam
pling

The id-sm cycione commanly used Lo measure
respiraiie particle concentratisns of air-
porpg asvosuls may underssiimate these
concentratigns because of eilsctroststic
charge. We have demonstrated expariment~
aily {Asnual Repurt, 158Z2) that such
chargg effegls da sel occur when cyciones
are coabed with a conducting material or
are Tabricated from ronducting nylcosn.

We have studisd ithesretical trajectories
of charged aerass? particles appreaching a
charged nylon cycione to asvess the ef~
fects of charge on She sampling effléncy
of the instroment. Figure € shows theo-
retical trajectories calcutated for 3, 6-um
unii density sphevres, each carrying 200
electronic chargss, 2s they approach a
nyton cyclone carerying 3 statcaulomby of
charge uniformly distriboted sver iis oy~
Tindrical surfage, HRene of the particlss
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FIGURE 2, Theoretival Jraeetonias of 3.5-pm dHameter LUnit Density Spheres Apmeaaching a Charged, mm Nylon Cyclone,

that approached the cyzlone in a direction
parallel %o its oyliedrical axis would
reach the sampie imiel, snd the <oileciion
effitiaacy would be zeva for the case.

Both the iheoretical calsulaticns and ex-
perimental sessurements indicated that
2stimates »f respirable asrazol concentra-

tinns may be as much as 20% iess than ac-

tual values when noncosducting oyclones
are used.

Birer wlastic aerssol sasplers may alss
have adverse charge affscts; we will use
these methods to see if those symplers
a#lso require medification.
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s  Metai-Membrane Interactions

Principal Investigator: K. P, Schneider

Other Investigators: H. Drucker, . A, Lindberg, and |. E. Morris

Technical Assistance: M. §. Steale

Using different model systems in Newrgspora crassa, two studies within this project examine the role of
membranes in regulation of metabolism and entry of metals into cells. We studied the regulation of an
aspartyl protesse secreted by Neorospora and found that the enzyme i controlled in & ditferent
manner from tha of previously investigated proteases. The amount and celiular locatian of this
enzyme varies for sach of the three states of derepression under which it is synthesized. Data from
rinc-uptake studies suggested that zing is recognized by the uptake system as zinc citrate but that the
citrate does not enter the cell with the zing, After exposure of cells which have a high zinc-uprake rate
because they had been deprived of zing to 20-mM zing, the colls lose the ability to transport the matal
with a half-time of 12 min, If the cells are wansferred 1o zing-free mediom, the rate of foss of the
uptake system s slowed livefeld thalf<time of 1 hrl These experiments indicate thar Neurnspora has a
sensitive control system for regulsting accumuiation of zinc,

in spite of the wbiguitcus, Tncressing
prasence of toxic meials derived from the
production of energy in the envirvossent,
1ittie 16 known of their interactions with
membrang wpiake and regulatary systems.
Tre jonic forms of most toxis metals pene-
trate cell membranes slowly; thergfore, it
seems 1ikety that maay of thelr effecis
areg exerted at the membrane level or ars
determingd by membrang-regulatec entry
inte ¢2lls,  Thus, isformation on the in-
teraciion of melais with defingd membrans
functions may be sxpected to ald in pre-
ficting potential effects of frace metals
from fossii-fust ulilizatien and process-
ing.

Using differant mode) sysiems, two stugdisy
within this prejest sxamine the role of
meabranes in regulation of metabsiism and
thelr role in regelating entry of toxic
metals Tnto celis,

Regulation eof Extracellular Farymes in

Neyrosoora crassa

We have Trvestigated ihe ragulation of
seweral sabracellular enzymes producted by
the fungus Neurospora crassa o belter
snderstand how cemponents of the sxternal
environment cas centrol gene axpression.
We have fountd ihat N. crasss ssoreles sevs
gral proteases angd nuclezases in resporse
1o Tinitation of the ¢lemestal mutrienis
obtainablie from prekeins and nuglels

acids. W2 nave alse feuns that reguiztion
of an extracellular acid protease is szove
complex than that of erpymes ¢tudiesd ear-
tier,

Trree of the prateases Investigaled are
derepressible for any of the three sle-

8Y

mental nutrients that maks up protein

{i.e., starvation for 5, £, or N resulis
in "turning on” the genes for these pro-
teasesy. However, reguwlation of the ex-
tracetTalar asparty? protessze, is not

zogrdinated with the other proteases.

Figure 1 shows that the preteass is dere-
pressibie for 5 bub s only prosent in
small amcunts when N iz limited, ane iz
not detectable when £ iz limiting. A

curve similar to that rvepresenting %

derepression is geasrated For 317 three
states of derepression if the ¥illbrates
are assayed for activity from the other N.
nrassa proteases,

Te detersine at which fevel this enzyne s
regulated, we examingd the Intrace?luilar
levels created by the wvarious states af
dereprssston.  We 2id this by harvesiing
mycelia at several time points during de-
reprassian, Ehen freeze-drying, grinding
ard extracting soioble enzymes, and assey-
ing them for activity isnibitable by the
specific inhibitor pepstatin. The resulils
arg shown in Figure 2. Apparently, de-
repression ocours with starvation far any
of the three elements {L, § or W), Hig
levels of enryme are synthesized and se-
creted when 5 s Tigiting; howsver, only
smatl amounds ar2 synhthesized under N-
starvatien., dpder T-1imitaliss, high ley-
els of enzyme are found in the cells, bul
synthesis steps and no secretlion Lakes
place.  Secretion ef ihis protease would
lead  ta rapid insgtivation usder -
starvation because of ithe high sH causad
by secretion of azrmonia when amine acids
are broken dows a3 a C-source. Further
work must be dene top defermine the collu-
tar Ipcatien ard funclion of (-derepressed
acid protease.
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This protease and jts cetiulsr location
arz regulated in a4 mare complex manngr
than the other proteases of K. crassa.
Ce?iular Iocation is probably reguiated by
contrel  of franscripbional  initiation
site. However, the megchanisms thalt con-
t£rol the total Jevels synthesized have not
yet been explained. Possibilities include
promcier strangth, ihe raie of degradaiion
aof newly synthesired mRNA, or the rate of
enzyme Lurnover.

Untake of Tine by N, ceasss

Previous studies (Annual Report, 3981)
have shown that depriving K. trassa of
zinc causes it Lo synthesize a high-
affinity uptake system for this element.
Irn addition, we showed thal the uptake
system has a half-maximal uptake rate at
1.5 oM if free zinc is the substrate and
iI.% yM if the substrate Js the zinc-
citrate complex.

Last year, additional studiss were pgr-

formed to ascertain the form of the metal

recognized and beund by the iLrassport sys-
tem (1.8, , free oy chelated zinc). Uptake
of zing was measursd as 3 functien of zinc
concaptration in the presence of twe dif-
ferent concentrations of citrate, 1.3 and
#.2 wM. The concentration of fres zinc is
£.3 times lower in B.2- than in 1. 3-mM

citrate; thus, the uptake rate of zing a2
the higher citrate concentration can be

predicted from that at the lower concen

tration of citratg if free ring i3 the

form vecognized By the system.  In fact,

the uptake rate of zing, although reduced,
was much higher than pragicted hy the free
zinc concentration (Figure 3}, The most
reasenabie expiapation s that the trans-
part reateplor recognizes zint ciirate as
the subsirate but Lransperts only the zinc
ints the cell,

Pravious studies showed Lhat the 30 ci-
trate is not Laken up in ampunis suffi-
cisnt o account Far zinc uptake. The
reguction of zinc uptake observed in 8. 2-
mH citrate {relative to that in 1.3-mM}
nay be the resvit of compelition with zing
citrate at the recognition site. This
infarmalion s reauired for planneg siud-
ies of the transpori of toxic trace metals
by the ziac-uptake system, for which po-
tential alternstive subsirates must be
sravided 4n gn accepiable chemical form.

We have shown that when 20-mM r1inc is

added in the medium containing derepressed
H. crassa, the cells lose the ability te
transport raditactive zing, witk 3 half-
time of 12 min. Furthermore, addition of
a&n inhibitor of proteis synthesis to dere-
pressed cutiures does ast result in the
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Yoss of uptake ability. This demonstiratss

that ke system is net continuousiy hefng 50
synthesized and degeaded; i.e., lpss s

not caused isply by blocking synihesis.

Thus, the Jsss is spacificaliy caused by

the presente of zinc ang protects the &
celis frem actumuiating toxic Tevels of
that element.

We have alst connucted studies te examine
recovery from the ginc-induced luys of
transport abilily. We added 28-mM zing fe
tinc-starved cells, removed samples of
nells frar the high-zing madium, washed
them, and measured their shility toc trans.
port zine (as § funciion 0f timed in ihe
new 2inc-free medium.  Affer only 0.5 min
i medium containing 20-mM zing, the cells
centinued fo lose the transpsert funchtion
far 3 nr {Figure 4}. However, the tLime
required for loss gf the uptake swslem was
five Limes siewer {(Palf-time = 50 min}
than in the presence of external zing
{half-time = 12 m9n). The rete of Tess of
the system in zinc-free mediuw was inde- 20 min
pendert of the jength of tims the cells
were ingubated in 20-mM zinc, This sug-
goests that the rate {35 also indepengent of 1 | i i } ;
the intracellular levels of zioe ascumu- G 1 z 3 4 %
sated during the Righ-zinc phase. Since TIME. ke

the rate~of-transport losg is dependent on
the presence of extracellulasr zinc, when
sutcenly confronted with high extracelly-
Tar tevels, the uptake system of zinc-
deprived cells is rapidly inactivated. IT
the extracellular zine disapmears {or is
all taken up} and the celis Contain ade-
guate zint stovres, the uptake system is
tnactivated five times mare siowly. In
these conditions, the thrsat of overacoum

6.5 min
&ZN 202 uM In

Y
L]

&1 min

A

Zr UPTAKE RATE. cpm sec™
2]

FIGURE 4. Semi Logarithmic Plet of Uptake Rate of Zine 33
qunston of Time Ater fie Addition of 20-mM Ziny (o Fiee
Leprwvedd Leils, Shown Sesele each curve & the leagih of
e the cells wore incubated m 20-m% fecoaniaing
fegtium. They wers thee transferrad 1o s free smodium, ang
their uptake saies wete measUeg aith 9500 a1 varions
intervan. The dashed bne indicomd the sivw Uptake rate i the
cells romsn e 2o Plar Tor mers than 20 minutes Thesa
AATE SR fronT anather experment

a1



vilation is removed, and the cells safely
retain the abiiity to accumutais ziac.

In the natural envivenment, N, crgssa
probabiy groews in congditions of exlremely
Tow zine concentration amd s at least

partiatily derepressed for 2inc upteke in
mest situations, Exposure to low ievels
of zinc for as Yittle as 30 se¢ provides

4

sufficient zintc ¥or the ¢ells for 3 hr.
The mechanisms ipvestigated in these stud-
ies zllow for fipe-tuning zinc-uptake
abiiity in conditions of varying avaiia-
Bility of the slement. These data are
required Ter design of experiments that
will parmil prediciion of the facters af-
fecting bicaccumulation of foxic frace
metals by the zing-uptake system.
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¢ Blood lrradiator Development

Principat Investigator: F. P Hungate

Gther [nvestigators: L R. Busrall, T, {. Marchicr, W, . Riemath, and 8, £ Weller

Efficacy of chronic blood irradiation in suppressing satly rejection of kidney transplants is still being
tested. In these new tests, dowor kidneys are obrained fram strains of dogs other than those irs the #ML
beagle colony. Assessment of stray radiation dose has indicated a need boih for additional shielding
and a more efficient distribution of shislding mass. Hardware design s being adapted to provide for
effective irradiation of blood volumes in humans, which are greater than those in dogs, Work isin
progress to develop analytical techniques in dogs similar to these now available for evahiating lym-

phacyte populations in mice and in man,

This year, majsr emphesis was placed on
requesting wermissian from the appropriate
Human Subjects Committees o evaluate the
efficacy af the blood irragiator in clisni~
eal irials. A cracial part af this re-
nuest is deftning radiation doses to the
patient and te attending wedics} staff,
&n evalustion of such deses was made using
Tibs, X-ray film, a2 gamma ansiyzer, and 2
calibrates forization c¢hasber with its
associated electromeler. The rasulty in-
dicated that signiticant isprovement in
shieriding design will be required. & com-
puter <ode Y5 being used to evaluaie
bremssirahlung doses and {dentify aptimal
cenfigurations for placement of shigliding.

We igantifisg the presence of snergetic
gamma radiation from %P¥m, apperently

produced by the n » 2n reattion. However,
the radiation from *%¥Ta is 2 miner fowr
ponent compared to bremsstrahiung.

Kidney transpiants in dogs continue, we
arg now using strains other than ihe
beagte as kidney donors in order to maxi-
mize the rejection response.  in the only
test compieted at this time, an unireated
animal died 5 days after ftranspizat, but
the animal with the tloed irragiator 1ived
41 days afier transplant, when % was
kitled. Rejechion was evident in both.
The treated anima’ received ne blood ire
radiation duriag the last 4 wk of its 1lfe
because shunt flow had siopped, and the
irradiater was vemoved L4 days after
trarsplant. The proionged delay in rejec~
tion follewing removal of the irradiator
provides strong evidence for ihe effec-
tiveness of chvanic irradiatien in sup
pressing rejection., Similar svidenge de-

rives from the obaerved vollulsr depietion
af lymphocvies throeughout the dog's body.
Twe anitaalis died during surgery as a re-
sult of defective anesthesia eguipment,
which s baing replaced. Additioral ani-
475 are being tesisd as repidly as they
can be scheduled.

Te provide radiation intensities suiiable
for humans, which have about 10 Limes mere
Binod Ehan dogs, we heve designed and ini-
tiated fabrication of individual irradia-
ters that Bave as “active area" twice that
of thase used on «dogs. We are also de~
signing conngctors that will pemmit wsing
twr elongated units side-by-side. Juch
garailel placement will facilitate shinlid-
ing. The irradator, which will be wora on
the arm or ieg, can Zise be morg sasily
connected to the artery anmd veln of the
Timk, I higher radiation dose rates are
required, they can be achieved by placing
more Y9ETx in the units and/or prolonging
the period of activation., {We now acti-
vate the uniis for 4-5 days; effective
activabion can be extended up to 25 days.

At this Uime thare gre no suitable means
of identifying lvmphocyte subsets in dogs,
s there sre for wice ang humans. To de-
velop such a <apability, cells from a
beaglie dog having & iymphoms are being
cuityred with ths expectation that mong—
clopal antibedies to ithese cellis can be
develaped. The antibodies will be used in
subsequent tests to more suitably svaluate
the efficacy of varicus dose regimens. wWe
hope that data from these tests wiil also
erhance the potential role of blesd irrag-
iatien for conkrsllirg transplant rejen-
tior as well as for sther Cinical appli-
cations,






» Radioisotope Customer List

Principal Investigator: M. P Richards

The purpase of this program i to prepare and distribure the annual document entited ‘List of BOE
Radinisotope Customers with Summary of Radiotsptope Shipments. This document lists the FY 1882
Commerdial radioisotape production and distribution activities of DOF facilities at Argonne National
Laborawsry, Pacific Noirthwest Laboratory, Brookhaven National Labararory, Handord Engineering
Devetopment Laboratory, Wdana Operations Office, Los Alaros Scientific Laboratory, Gak Ridge
Mational Lsboratory, Savannah River Plant, and UNC Nuclear Indusiries. The report {PNL-4735) was
published fn Aggust 1943,

87






28

ke
-
@
.
O
<







APPENDIX

¢  Dose-Eifect Studies with Inhaled Plutonium in Beagles

Cn the following pages data are presented for all dogs employed in current hife-span dose effect stud-
ies with inhaled 22Pu):, Z#PuQ;, and 2Py nitrate. Information is presented on the estimated inital
stveolar deposition, based on external thorax counts and on estimated lung weights ({0.017 x body
weight! at time of exposure, Infermation is also provided on the curress interprezation of the maost
prominent cinical-pathological features sssociated with the death of animals. These data represem
information presently available, and are presented as reference material for sdentists who desire o fol-
low i detail the progress of these experiments,
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S - s o o e 47 2 DBEYE TREALATION

DOG HC IO v WEIGHT AGE* GF o
NUMBER S2% HCT LUNG 3¢ (KGE: (%833 SATE LEATH B/30/83 DEATY

38 ¥ 0 9.08 £.08 SR711481 173,62

AL ¥ & T .04 GaS18781 16G.8%

145 F 9 .00 0.4¢ 191,94
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TzE M £ 0,68 2.0¢ 8130778 107.9%

786 M & 4,00 0.8 13,6 19.% 0173%/7% 04721 /83 147,08

taz K ] 0.8 T 11,5 16,3 DYF19771  nlSRRSTT 13,2

B4T WK 4 8,00 2,40 13,6 8.5 BT/A96/77L 146, 8

asE M 0 9.08 0,64 13.5 18,2 7768771 146,%

Y LS # .0 8.0 5.0 17.4 07706571 146.8
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88 ¥ 0 g.an 0.0e i9,% 18,7 11/1877) 142.7

837 F p .00 5,00 11.5 18,9 11/310/71 142.7

fz%  F 1 0.4 0,12 11.,% 18,1 86708771 11713782 137.3
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83Z ¥ Z G2 G.22 5.0 1%.5 84726771 149.2

Gy M 3 8.62 0.27% 13.%  16.0 117310/73 Q5722782 126.%

8%¢ F 4 0.43 t.32 12.0 16.% 27/06571 146.8

#38  F % 8.073 Ge31 13,5 18.8 JYIFX07TY D3/79/81 112.8

BEY M 5 0.64 0,41 11.% 17.4 67708070 146.8

g1 M £ .04 5,41 14,0 LE.0 31710071 GE/26/81 11%.5

53 0= B G.65 -3 15,8 21,3 1G6/79%/71 14%.8

B7E M 8 0,85 .54 14,4 6.8 8708771 DbuS23778 8.5

M7 £ 5,08 b.4% 8.5 18.1 0I1F19/7% 152,13

* Tndicates age in months sincs birth, &1} other ages are in months since eFposure.
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n-3 LOW 6 fo i G.07 8.74 3.5 26,0 03/44/71 i50.9
B3 LM B4z M Iy .07 G.77 13.% 18.6 D3/06/%0 138.8
e LW J87 M 14 4,08 0,83 12.8 IB.Z X3f21l7v8 153,12
De2 10w B33 M 1% 6. 68 f,.%2 22,0 34,0 Q6/08772 uv/eiSTR 1.0 Szerificed
-2 14 E62 ¥ 13 BLGY 1,80 .00 1Y.3 0ES0EST B&/25/83 td44.8 7Processing
=% LOW 871 # A 2.99 o, 85 13.5 16.9 07/08/711% 146.8
22 L0W B74 M 16 3.11 1.23% 13,80 16.8 83/06/7%} 144,48
ed RO TR M 22 d.1% 1.68 1.8 18,5 @1/1%770 0114478 #3,7 HStatus Epilepticus
D2 LOW $45 # ig G,1% 1,83 1L.B 3.6 0EFGE/TI 147.7
D~% LOW T48 ¥ i4 #.18 1,715 #,0 19.5 01718771 58/19/8) 121,84  Unknowen Causse
o-2 LW 7938 ¥ 16 G.l6 L.g 9.2 15,6 9E/O9/71 GB/19774 42.% Sacrificed
L2 LW H1E E 19 0,17 1,548 1. 192.%1 47/06/71 148.8
D2 LIS 231 3 23 b.18 2,88 i6.5 17.% 06708771 14%,7
D3 LW 81 F 1% 6,13 2.6% 2.0 ¥F,T LSRN/ 143.%
w3 LOW T8O F 24 4,22 Z.40 10.0 18,2 81719/71 84/08/83 134.£ pheochronccytona
O-2 LW 258 M 35 .22 2.4% 16,.% 1B,Z 91706773 14828
-2 Lowm 157 4 38 0,23 2,57 Ia.6 18.3 13/21/779 18%.3
-3 LU 276 F i% 3.%4 i.68 .00 17.9 1076%57) i4i.8
L3 LOW 808 F 6 5.7% 2.4 9.5 18,3 03/84/71 10729782 138.% Balates:Malignant Melanoma
B2 LOW 81% F 32 .25 3,20 1.8 15,1 83704772 18¢.8
o-2 i 677 ¥ 34 n.2% 3. 24 IH.% 17.% Le/077%) 143.8
L-2 LW FES ¥ 28 .32 3.58 8.0 18,2 12721710 BeJS2E/TH $U.1 Dvarian Fumor
D=2 LW g6 ¥ 44 4,33 3,84 V.00 1E.Y 04735771 ) 149%.2
D% KED~LIM 781 £ 48 G358 4,17 1%1.% O3 IEFELSTL 427506781 122,88 Lung Tumor. Kidney Tamor
6~3 MED-LOW B F 44 0,48 4.44 6.5 18.% ©l/20/73 182,13
D-3 MEG-LOW 782 K &2 J.82 .55 138 19,0 O2/10/M)  GR/TT/ED 147.%  Procesglan
N-3 SEL-LOW 186 A 82 $.42 3.59 3.8 19,5 03794771 i56.9
e} MED~LIW 152 » [ G.41 .17 13.C 18,6 12721770 $3723/%% 98.% Lung Témor, Adrenal Tueor
{33 MED-LOW 823 M 6% G.44 4.87 13,8 16.EB 84736/73 14%.2
D3 MES-LOW £83 ¢ 3 .62 .83 3.0 YUY OL0/0FSE 143.8
D~-3 MED-TOW 78 " kL 3. %6 5,10 14.5 24,3 03704/ GB/2/19 3€1.7  Pul, Thiomboewhslism
3 MEL-LOW B30 » 8 .46 %.89 11,00 178 DES08771 147.7
Tt MEL-L0W EER F Z 2,49 5.46 1.8 15,0 $1/36/71 48708783 153.% Prucessing
B3 MED-LdW RI% [ 68 0.52 L 1.0 16,8 B4/267TL G8/F3/73 24.9 Gaciificed
D=1 MED-LOW g81 ¥ 53 .54 5.B3 2.0 21.,% 10/0%7%0 14,8
D=3 BED-1.08 g8 # T4 §.58 &.43 Fl.9 16,0 GE/08/770 STF06/732 0.8 Gacrificved
-3 MED-LOW g1¢ ¥ & S.68 Fa44 §.8 17.8 HEF0BSTL 0705748 2£.,% Pypmatea

* Indicates age in monthe sinve birth, all other aces are ip months since s¥posurs.
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L d
Dt
[
p-5
2]
n-%
Tiv%
fim5
=5
D=%
B8
Rt
B35

WED~LOW
HEDL-10%
HED~LOW
KED-LIW
MED -9
RED 141
KRIs LW
KEL~LOW
MEDTUM
REDIUM
KEDIUM
MEDTiid
MNEDIUN
SO UM
MEDRIM
MELTUM
MED IUM
MEDTUM
HEDIEH
HEGIUM
MEDIUM
MELR ¥
REDION
MEDTIEM
MEDILM
MED LM
MEDIOM
MEDLER
METILH
HEDIUK
HEDTUM
MEDILK
MED-AIGH
MED-HIGH
MED-HTGH
MED-#IGH
¥ED-RIGH
MEL=RIGH
MED-HIGH
HED-HIGH
EET~HIGH
MEL~-RIGH
MED-BIGH

i83
B4R
327
&47
TED
884
844
865
BEE
889
154
E3%
2%

gi4
Ei6
819
248
224
B84
833
818
T4
254
£74
848
805
812
857
Y2
4le
kN
803
787
2440
TE7
848
258
759
464
ane
T34
837
263
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ROT

83
7%
9%
14
18
iz}

127
n
187
158
162
185
148
256
183
274
247
i54
48
302
444
468
283
2740

5T

§38
465
424
394
536
547
§51
703
733
71
818
#e3
801
737
314
1283
280

IOGE~EPFEDT STUDIES WITH TREALED PU~23% OXIDE IN BEAGLES

RCIAG
LUNG

rTe8 4
K

7.73
7.44
£.6%
%,33
10,26
12,30
12.8%
14,493
14.8]
14,93
15.¢6%
i6.30
35,41
16.47
18.2%
19,18
1%.57
18,74
20.32
8,11
26,28
28 ,%%
28.06
2%8.80
31,748
34,37
35,04
37,38
39,52
39.80
23,68
47 .57
=Z.08
54.08
B .E4
59.,25%
£2.%2
67.42
72.82
3,70
FE.LTY
88,42
#3.33

INOALATION BXPUSURE

WEIGRT
{RG}

AGE*®

(MG}

12.%

[ b et

L= AT A SRR R N V- I RV R R - Rl IR+

£ & 3 4oL £+ F o+ ko v o 3 b u
(R N R W e B i | R B RF N o B R R R ETE o R A R |

+or v F w3 b
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i L ol R e A S o g
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w3 4 v W oa ¥ ¥
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R
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Ol L R I SIS W e S R N R S SN W
~d T Wy A4F ok T D O g D 05 43 O Oy b e O A e b S LT wE D0 ] U o
D D NE D R b S T N LT e e O O ek et LIV RN 88 GaR ek Ll LY Lok Boed Bon B I e

L I

83/045%1
gser/i
04/36/71
16736778
81720778
I8/
A§7/08/71
11/16/71
GFAAE/TL
0304771
12721/
$L26/71
DESEE/TL
03784572
05/08/7%
HE/88/71
10/88/71
DE/DB/TL
HIVOETAS
472877
03048771
83704772
16/68/71
16708778
G2/10711
G6/08/ 71
0&/25771
Q6/UB/7L
31077
D728/
83/04711
C4/ 26771
83754771
0e /98,11
10/28/%0
1110708
PF/83/71
12721776
D077
11739771
V87218
G0/
07/8/71

BE/BRZ80

3e/67781

BS/28IBI
07707782
H5/25/7 18

16/3%/19
HEVEIFED)

G7A02/479
01736751
nE/24782
G4/04/83
GR/08/8)
a2S1778L
F1/25/82
10/18770
29/0%/82
FTF22/R3
1171379
07/63/80
10/26/81
25711/7%
Gi/26/80
Y1/38/77
22708773
G4/20/8%
11/71a/%¢
g3/0378:
ER/02/78
G6/8%/79
11/0277%
BE/04/83
G470/
r s War ki
$0/837%%

* rpdicstes a4¢ in ponthy since birth, all othsy ages are in smonpths since ekxpusurs,

MOGNTHE DINCE
THHAZLATION

9/38/831 DERTH

isn.9
143,8
49,2
1314.3
152,32
143,77
147.,7
134.%
146.8
1di,.d
38,5
8.8
tag.2
103.5
1:i%.3
14%.7
Q.8
115.6
132.3%
143.3
126.2
113,53
123.¢
.2
138.9
133.5
1E2,0
i88.8
131%.3
0,5
1468.7
T8.4
95,2
1G6.7
FE.E
llo.8
33.8
82,4
9%5.9
1l4.8
4,7
T2
75.%

CORMENTE OF DEAD D0GS

e o g e b S A e ok 1 ol W e 0 e

Cued. Valve Insuffisieny

Miiianant Lymphoma

Lwr Cive, Thy ¥., hddisen
Ling Tumor
Retivaium Ceill Sarcoms

Lag Tor, Thyeoid Aderomn
hung Tamor

Lung Tumoz
Bronchopreumpania

ng Tamor

Motritisz, Adr & Thy Tumse
Liang Tumes

Pituitary "mr, fushinpg's
LAY Tolsy
Sacrifjced
Lang Tumor
fzophageal
Lapg Tomog
Lasrss Tume s
Lang Tumor
faerificed
Tuang Tumey
Interstitial Pneumonitis
tung Tmi, Intestinal Ter
Lung Tomor

lang Fumor

Ori Biadr & Lng & Ady Ymr
Luhg Tomsy

Lang Tumo:

Lung Fumor

Lung Tomoy

sacyificed

Larng Fumer

Lang Tumor

& Lung Tutsbi
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COSE-~EFFEST STUDRIRS WITH INHALES PI-23% QUIDE TH BEARGLES

IHITIAL ALVEQLAR DEBOSITION  INHALATION EXPOSURE MORYHE SINCE
wwwwwwww e e e e — UBRTE INHALATION
D06 HCIAG RCI/ WEIGAT RCE* OF e

DOEE GROUYD NUMBER BEX 108 LUNG ¥G FEGY  {MGY DATE SEATH $/30/83 DEATH COMMENTS ON LEAD DOCE
D% KED-HIGH 835 F 847 8 .54 94,11 8.0 18.2 25/0BS7TF 06781779 §5,8  Lang Tumsr
D-5% BELD-HIGH 852 ¢ 1187 .38 103,23 31,8 23,3 Me/pe/ry nzx/Rd/7e 16.% lung Tomor
D=5 MED-RIGH 1T I 847 %,35  145.00 8.0 17,8 16708771 13/04/7% B5.8%  lung Tumor
e MBED-#IGH 489 P 1484 3,80 198,80 10,6 6.0 33/30/91 29/:4/%9 24.3 Lhg Twr, Optenarthropathy
U-% HED-HIGH FEI M 1394 10014 111.52 12.% 1R.% Q22/0%773 12703775 SF.8 Lafg Tumoy
G-% MEP-HIGH 864 M IREY 16,18 112,44 12,0 30.E O07FGT/TL LHAIBATA 37.4  Lung Tussr, Rad. Preum.
L-% ®mED-HIGH 871 ¥ 1167 15,71 117.80 15,0 IE.8 QT/QTLTL DRS00/ TE El.9  Lung Fumst
-5 KED-BIGH 16D ® 1ETH 10,89 131983 11.% 19,3 $31728/7% 68715773 30,8  Radiztion Preumonitis
P35 RED-HIGH pE F 1318 11,41 125.52 18,8 15,8 92708731 09721718 5% .2 Lng Tmr, Ostegarthropathy
D5 MED~HIGH FBL O® 1468 12.07 132,23 11.00 19,3 ARG/ 11702708 £%.,4 Lung Tumby
O-% ®ED-HIGH 6% B 1726 12.5% 33B.494 12.5 19,6 11714770 £3/31/7) 4.4 Sacrificed
T-5 MED-HIaH 372 W 1896 14.99  164.87 10.5 39,9 0209771 08726773 52.5 Mg YTer, Dsteoarthropsihy
-5 MED~BIGH e v 1683 15,22 1€8.2D 10.% 19.8 i1/10/79 @3/31771 .8 Bagrificed
05 MED-HIGH ¥4 F 1513 17,17 LBE. 88 2.0 lE.5 LL/LG7%C &S/ 4.7 Sperificed
n=f HIGH 153 F 2443 23.43 i%i.68 9.5 18.% 12/21/770 im/0E/06 6%.4  Lung Tumor
D~ $I1GH 817 ¥ 3164 33.87 263,67 12.6 39,3 0I/a%771 83730773 20.46 nadiatien Preumonitig
D-§ HlGk 829 M 3518 #4.58 270,38 13.6 18.1 8F/07/%1 09/13/73 2%5.% Radiatisn Paoumbnitis
T8 BIGE g8 P 3101 31,32 344,58 3.8 16,0 317107TY D6/1%7%4 33.1 ERadiation Pneamonitia
t-& HIGH 438 ¥ 343 13,35 6% 3005 FELE OLVSGRSIC LIF1L50 #.72 Sacvificed
p~& HIGH DRI 4504 35.64 332,60 P25 1.4 07018272 BRSLESTE 1.9 Sacrificed
D~ HIGH 508 ¥ £532 63,46 865,11 2.3 15,9 LiA0%/71 1i/2B/72 12.% wmagdistion Pnsumtnitis
-6 HIGE EETI O 5515 56,85  735.33 1.5 1BL0 RRA10STY 02012773 15.1 Radiation Pneumoniiise
e HIGH 747 B T47E g7.0% 1065.28 7.6 19,5 01720771 01713772 13,8 #adiation Pneumonitis
L6 HigH 310 K 1EEET 10%.FE 1141036 12,05 L%.9 1171877 16A12003 11,1 Radiation Preuvmoenitis

* fndicates age in months mince birth, a3l other ages sre in monihs since eaposurs.
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DoSE-EFPECT STUDIES WITH IRSALED BU-23R OXIUE IX BEAGLES

INIOTAL RLVEOLAR LEPGSITION INBALATION BXBOSURE MOMNTRS BINCE
-------------------------- e e DATE TREALATION
s el wCIjn RIS WEICHT ARGE® oF gl e
nOSE SROUE HUMBER SEX NET AR G {EG: (M} BATE DEATH 8731783 DEATH LOMMENTS OH DERD DOGE
LONTROL 538 M ¢ 0,Gh bG8 10761782 136.%% Frocessing
CORTROL 94% ¥ H #.08 4,00 1483
CONTRIL %78 ¥ i O.08 {a.80 48,5
CONTROL 99 F G a,01 0,44 21708773 87.4% Pyosetra
CORTROL 996 ¥ il &, 0 G.h0 148, %%
CONTROL ig0% M i 0.Go hLe0 148.0%
CONTROL, 160% F o .00 0,00 147.8*
CORNTRGL 1424 M & o.88 L 147F,5*%
LONTERDL 3038 L] & 0.0G8 0,47 145, 4>
CONTROL logs ] { 2.00 0.00 14% .2+
CORTROL 10%4 ¥ ] £.in .00 145.1%
CONTROE PO41 ¥ ] 6.04 0.845 07/07 /8 114.2* Maligrant Lymphoma
COMTROL 1093 " i 4,40 .00 141.3%
CONTROL 1697 F @ oL .40 149.46*
CONTROL 131z . [ g.00 0,04 1&G.4*
CONTROL 111% ¥ i 4,00 G000 TA0.L¥
COWNTROL 1188 ¥ g .08 .80 1%3.5%
CANTROE. 1397 M i} [H 134 0,09 123,40
COWIEOL 12409 e H] 800 3.E0 132,77
COWTROL 122% r g (B8 3.08 131.8%
CONYPROL BACRIFICE 98y L 4] 2,00 G.04 LW WA T Fl.6% Sacrificed
COWTRAL SACRIFICE 1011 # # 4,84 e 13 G4 701/T8 B1.9% gFacrificed
CONTRGE SACRIPICR 1813 F G 0.G8 0.6¢ 05728719 S .8* Tagyificed
CIMITRGEL SACRIPICE 1087 o & 4,00 G.09 LZIf1&77¢ 60.8% Saqrificed
COWTROL SACRIPICE  311% " i 9,88 .50 DI/1L3/T76 47 . %% Bacrificed
CONTROL SRCRIFICE 12233 ¥ G 0.G8 0.9% 05/15/718 31.9*% Bacrificed
CURPTROL BACRIPICE 132V B ] &80 ¢.00 12/01 /7% 49.5% Sacrificed
CONTROL SACRIFICE 13228 E ¢ 0,64 4,00 pREES Y Ward T2.5% Lavrificed
1 LEWEST 538 M 4 0.4g 0,93 168 14.6 51718773 128.4
D1 LIWEST 1003 ¥ 4 4.04 .00 14.90 (8.6 HL1SL8/73 128.4
Bl LOWEST 1923 ¥ & 0,88 3.2¢ IRLR 18,3 01718773 iZ8.4
-l LOWEET 1438 M (i LINEY} Q.05 1.8 17.9 81/1a/s9% 1a% .4
Dwl LOWEST 1044 F i 8,04 .00 11.% 37.0 DLAB/ST3 128.4
D1 IAWEST FR#55:3 ] b D.e8 0.56 1%.8  16.8 DL7ieS73 1284
-1 LOREST 10683 M 0 8,04 0,03 14.5 16,7 Bi/18/73F 11711738 83 .8 Hrain Tumotr, Heart Tumpy
D=1 VWEET 1195 ¥ & 2.659 .00 Ie.¢ 16,4 05731772 1%4.0
=] LOWEST ligg F ] 0.G0 Q.88 18,% 18,8 ¢4/18774 13,4
G-1 LOWEST 1215 | a o.a0 6.00 15.5% 19.3 2&7:i8/7a 047387%7 36.% Sacrificed
Dwi LIMEST 1230 H g D60 8,40 Ti.8 jE.4 04718774 113,14
H-1 LOREST 551 ] : 0.o1 D.1s 38,6 18,3 12714772 027147500 123.9 Prooeszing
D-3 LOWERT 1008 M 2 2.4 15 13.5 18,6 Q3718773 128,28
n-l LOWEST 1183 ¥ 2 0,.8% G.16 12.% 15.8 Q4718774 3313.4
T} LOWEET BEG L1 3 0,z 0.22 LE.E 0 1H.Z 12418772 1%,

* Ipdicates age in months gince birtk, all other ages are in months since exposurs.
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DORE-EFFECT STUDIES HWITH INMALED $U-238 OXIDE IK BERCLES

0.62
6.6z
G003
G.03
0,93
0.4
2.03%
3.05
0.65
0.¢5
G.03
£.08
b.0¢
.47
.08
g.1b
ekl
a.i1
.31
£,12
5.12
G.14
0.4
.14
G.16
G.18
D21
0,27
.22
G.22
G.24
0.25
6,26
&.27
§.31
0.33
0,33
.34
G.34
.38
0.4%4
3,41
§.&3

.59
G50
0,68
G.69
I
.76
0.83
1,07
1.24
1.i86
1.1%
1,33
1.3¢
1.88
1.55
1.52
1.7
2.3
4.21
2,45
204
Z.42
2,54
2,88
4.8
2.92
3.38
.42
3.84%
3.72
3,7

4.5840
4.38
A4 B4
§.71

IHHALATION FEXPOSURE

WEIGHT AQE*

{KG: MO
£.% 1B.}
1E,5 L6,
10.0 1%.5
8.5 1%3.5
2.5 18,8
14.% 19.%
14,6 17,7
1.0 3%.2
1Z.0 18,8
1.8 16.4
lit.# 1B,
TH,0 0 1.0
15,5 1£.4
7.6 17.%
12,4 17.3
14.8 12,0
L5 1%,2
3.2 18.7
13.5 16.8
18.% 2.1
2.5 1.3
13.0 13,2
1.6 1%.3
1.5 12,2
13,6 19,3%
31.0 17.A
13,0 1%.0
1i.2 18.3
B 18.]
12,6 18,0
#.8 17.4
8.4 7.8
13.5 20,0
13,6 19,2
8.0 18,3
12.0 17.3
11.8 14,7
14.% 18.5

1.5 18,3
ie.3 1%.0
e 0 laLi
15,3 17,

085/31/7%3
SEF317703
11T
1i/%s/78
1a/1i97%:
11/307%2
U226/ T8
12748772
VIS E F ]
B5/31713
BLFA3)/F3
G875 /73
02726774
0hH73L/73
HETRYTAS
54718/ TL
13718772
L2/is/z2
G267 4
63731073
24/.8774
12758792
gRfans2
B2S22/73
G4/18/74
02723473
12718772
G222/
BEF22/73
G2/35703
Q272814
22726774
DAL1877
1L730/9%
5733773
a5/31/73
12719772
LEA04/7%
B3/0477%
D3/Q4718
a4/18774
23 04/7%
1108573

06/324/53
1242778
§1/26/%3
03/85/81
EYEYIEE
81704777
03/14/83
12/04/79

G%/04/83

35/12/75

34/2577%
12708772
GE/231/83

54701777
CI/25778
G203/78

D4/01737

* Indicates age in months sincs birth, all ofhor ages are in months slnce exposurs.

MONTHS FIHUE
ITHHALATION

I/30/83 DEATYH

1368
124.£
0,.%
e
42.5
2.9
115,11
48,3
174,31
137.4
124.8
8.1
11%.1
124.0
134.3
113,54
24,5
129.3
115.3
le4.0
lz.8
$129.3
127.2
12%.2
113.4
127.2
12%,3
137,32
127.2
124.0
115,13
11501
1 Y1
0.8
120.7
24.0
128,13
24,8
48.7
27,0
1i%;4
24.,%
1188

CUMMENTS ON DEAD DOGE

R A e U T R P S 4 4 O e e, ho g e e e e

Proveasing

Bacyrificed
Saeyificed

Bane Tumas, Fibrosazsons

Sacrificed
Sacrificed
Procensing

Parmiyais,

Processing

Sacrificed

Sacrificed
Zacrificed
Pracessing

Faurificed
Hacrifived
Eaceificed

Sacrificed

Sprinal Crd Geg
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BOSE-EFFECT BTUDIES WITH INHALED PU-33E OXIDE TN BEAGLES

TNITIAL ALVEDLAR BEPOSITION IRHALATION EXPOSURS HONTHS SINCE
~~~~~~~~~~~~~~~~~~~~ o a2 $ATE TNRALATION
DoG REY/G w7 WEIGHT 3GE* OF  seweecsmm o e
DOEE GROUP RUMBER SEX BT TAING ¥ #G) 4,103 DATE DEATY 9/340/83 DEATH {OMMENTE 0N DEAD DOGE
P33 MED-LOW 1185 B TE .43 4.75 i£.8 17.3 1)1708/73 iiB.8
Pl ME-LIN jina ¥ 60 .44 4.80 iz 18.5 23704773 142.9
Pe3 RED-1IW i3 » ? 7,45 4.98 13.% 183 BIAB&SYL 03708778 12,3 Sacrificed
[~3 KED-LOW %2% F 41 £.50 L% = T.6 19,2 13000 01738773 5.8 marrificed
w2 HED-LOW i3is M 84 .53 5, 7% 14,5 18,1 43704778 152.8
B3 NED-LOW 961G M £8 0,54 551 11.5 38,3 12/1%/72 11747780 34.6 Malignant Lysphoma
B3 MED-T0W 1072 “ 3 0.%4 5.94 16,5 3&,3 A5/31773 48722781 123.7 Procsssing
=3 MEDw 10w 1180 ® 7 &,%4 5,92 12.0 1B.l 02/268/74 11%,1
D=3 KED-I14W He8 -] 75 5.58 6.00 $2.%  18.9% 11734772 GRfRa/73 3.0 Bagrificed
D=3 RED~IdiM 135% * o0 £, 5% 6.040 15,6 18.1 BY/B4STR O 0IS3L/ 34.9 Ragsrificed
w3 MED- LM BEZ » ? 5.58 G .32 TR0 19,0 12738772 12%.3
% BED-LOW 1048 .4 3 .61 6,42 1E.5 0 1B.2 SESTRATY  0370458% #6.% Parathyreid Adenoms
B~3% BED-LOW 1858 F i .65 ] 1G.0 17.8 §g22/713 dn/7p8/8% 13%%.% Processing
=3 MED-LOW 1319 M 43 0,87 F.33 13,5 1B, 33704775 03708778 12.2 Bacrificed
find MED-LOW 1108 ¥ g4 0.9 T 64 1.8 15,4 05731773 124.0
53 MED~LOW 1060 ¥ 70 [ e 3.0 L18.7 13718472 1%%.3%
D=3 MEC-TOW 1058 2 97 2,11 178 12.5 17,9 RS2 k.
D-31 MEL- LI 1964 M 116 L 8.00 i4.5 19,85 61718773 13%.,4
D=3 RED-LaM 1634 o 1is (s 8.5% 1.5 1%.2 BIFIESR3 123.4
D=3 MEO-TI8 1643 P a8 C,.89 §.89 10,00 1B.Y BRARESTI O0%SEiSel 162.%  Empvema, P.T.. Zughing's
-3 RER-LOW 1431 F % G.%2 iG.13 TL.H 0 18.1 42422/73 127.2
fr-3% MED~I{MW 12Y2 # 313 1.14 11,06 BL.EOIT.E 82726774 115.1
fi=4 MEDIUM {176 M 124 4,87 4,56 3.5 1n.5 LoS0eST 11%,.8
D4 MEDILE 1271 ¥ 124 .13 12.40 i8.5 13.0 04/18/7%4 1132.4
D~4 MEGIUR 1195 o 228 1,38 15,20 15,0 B, BXFERSTE 3i%, 1
D4 MEGIDM 1432 .3 162 1,40 15.42 10.% 16,3 11738772 13/GB772 3.3 Haerificed
D4 MEDTUR LE53 F 148 1,42 1%,5%% G.5 0 )Y.% BZiZ2A} 3872
-4 MENIUH 237 M a3 1.60 17.8% 11.5 1%8.% 3L7316/73 128.4
Drd RENIUNM 581 F 184 1.7¢ 18,40 A0.a 15,8 32/19/72 GES2078L 128.8 progepsing
-4 MEUIUM 11T M 52 1.F8 18,41 13,3 15,6 1L/U6ST3 118 .8
fied MEDINIK 43z P 216 1.7 18,64 1.0 1BLI OTAAAGATE O BLFINAT3 1.8 Sacrifised
N4 MEDIuM 1143 g 260 1.8 L0 12,5 16,5 05731773 D4/08/83 11%.2 Frocessing
P4 MEDTHE 873 g 271 2.%4 24.64 L0 9.3 137318772 1Z%.3
P-4 MEDIUM §31 ¥ 288 2.3% 26,27 TiL.00 18,0 IL/38S72 0 12728772 G.% gacrificed
D4 MEDIUM igel F 243 i.60 28.5% g.5 17.2 48731713 124.90
p~3 MEDIUM 1114 M %30 2,10 %88 14.%  1#.4 05731773 24,0
D-4 MEDIUM 1982 M 433 2.8% 3z.2 3.5 17.8 g2/22/73 1273
B—4 REDIUN 834 M 454 3.8 33.63 12,5 1%.% I1/3G/78 43793773 3,0 sSecorificeg
D4 MEDTIN 1081 ¥ 541 3.07 3i3.81 6.8 18.0 05/31773 Gi/i4/80 9.6 Hemgngiosarcomn, Heart
Ded MEDTHM 1639 F 340 3,2% 15,79 3.% 19.1 G2 23573 G4/14/43 121.7 Prsesssing
-4 MEDIDM 11%4 # 538 3.50 IB.LS0 L&, 17,98 GI/FTE 3315.1
[-§ MEDTUM G532 F 3E% 3.60¢ 43,58 G,0 1%.2 13718772 06703741 12%.4 Proeszsing
D~ 4 RELTUR 1165 M E7X 4,08 44 .87 18,0 17,3 XY/06473% iis.8

* radjcates age in months since bBigth, a)l) oiher agey are in aoniths since exposurs,
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MED-HIGH
MED-HIGH
MED~HIGH
WED-HIDH
MED-BIGH
BED-HIGH
KED~HIGH
MED-HIGH
MED-AIGH
KED-HIGH
HEC-HIGH
REG-BIGH
BED-HIGH
MED-HYGH
MEG~HIGH
RIGH
BIGH
HiGH
HIGH
HIGH
HIGH
EIGH
HIGH
HIGH
BHIGH
HIGH
RiaH
HIGH

(L3¢

12248
5492
383

BES1

A E-¥

1055

1i62

F1AC

1071

1173

1158

1047

1129

1380

igil

1498

1218

1082
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1902

1057
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COSR-EFFECT STUDIES WITH

INETIAL ALVEOLAR DEPOSITION

KOG LS

By LONG ¥
518 .78 47.09
5% 4,32 48,28
%17 4.67 81,42
5531 § .48 £3.25
1040 4.7 51.8%
371 5. 46 EG.11
754 £.,53 71.81
614 E.55 FZ.473
1E6% 5.19 T8
1023 Fat B5.25
1i3b 8,52 43,75
1 BL,E% 94,74
318 8,85 #7.30
L3ag 16,18 riz2.en
1764 ii.04 121.86
1476 12,28 134,18
iTi0 12.5%% 147,50
1888 13.44  147.84
2148 13.95  153.43}
1685 14,90 163,32
178 15.82 171,80
2620 15 .88 1467
1547 16,52 181,87
28487 18.88 FACER- 21
ills 20,98 230.81
3530 Z6.40 280,493
2559 2H,32 0 311,47
14%2 31,35 343%,10
3838 31.49 348,38
3568 i8.07 396 854G
4884 §4.13 485,40
FEBL 53.78 38l.62
L YE] 5F.10 HEE 0T
8453 63.66  T05.22
(953 L I T W
6201 73,18 B26.87

INHEALATION EXPOEURE

HEIGHYT AGE®*

TG . 143 CATE
1.6 1%.0 04718774
21,3 Y8R 12715472
12.6 1%.8 1271977
12.0 18,8 B4/18/7
13.5 17.7 11706773
5,5 18.2 02/33/73
10.5 18,1 02/%6/74
14.6 18.2 313706/73
Y. 18,1 857331273
12,6 17,3 L1708/73
12.6 16,6 11/064%1
9.5 18,1 02722773
12,5 3€.3 05731771
12.0 17.3 131786713
14.5 17.6 GE/E6/74
11.0 6.6 05731773
12,8 17.% 02736714
12.5 7. 45731773
14,0 1%.2 B3/18/73
15,5 16,1 88731771
13,0 20.2 01718773
15.5 18.0 05/31773
10.5 37,8 02722713
14.0 19,6 31718773
13,5 17.3 82732472
12,5 19.6 CiFiB/73
$.5 18,1 02/227%3
18,8 13.% 81718793
11.0  1%.% 81718773
9.0 28,7 G1/187712
1.0 18,2 02733773
13.8  1%.2 13/BE/72
13.% 1%.2 01714773
13,5 16.7 81/18/73
3.0 17.3 31706473
T.5 16.6 11708773

DATE
oF
DEATR

0372173

3372%/83
12714780
106783
Be/ou/nz
§1706/8%
18765782
GEAOE /A0
La/22/8:
05/17/783
ALSQE/ 78
447574/8)
IG723718
MY TEEE Wiy 5
07711714
63/24/78
DAF12/18
I8 ¥k W
0L721/830
03/0777%
t4/01/78

TALASTE
804776
HESE TS
0/ %8748
i/31/78
TRAUESTT
LY ¥ U )
Uas14/7
13718778
N2 2477 R

* Indicates age in monthe since Birgh, all sther ages are in noonths gince expopure.

INHALED PU-238 OXIDE IN BEAGLES

MONTHS SINCE
IEHALATION

1 o ——

9/30/53 DEATH

35.1

3149.0
7.2
51,3
85,1

110,40

11%.4
8.2
%4.3
88.¢
59,2
85.9
£4.%
TG4
1.3
64,1
6.4
54,3
#4.1
YI.4
62.4
£8.6
41.%
T8
65,2
68,9
49.0
4%.9
4,8
51.4
51.6

COMMENTE ON DAD DOGS

Interstitiszl Preumonitis

Bone Tumosr
Bane Timer
Bone Tomar,
Bone funmor
Bane fumor, Lung Tumsy
Vertehral Disk Herniation
Bune & Loy Per, Addissnis
fire Tumor, Lung Tumor
Bone Tomor

Addisan®s Diseass

Lagrsy Tumoy

Bone
Bone
Bone
Bong
Bone:

i achy
Tiamer
TUNGE ,
fumor
fumor

Addisonis,

BONe

Tunor,

Iatng Tumoy

3T, Tumoy
adrenal Wumoy

Jene Tomor, fLoeng Tumor
gone Tumoy

g Trr, Qstenarthiopathy
Bone Tumor, Lung Tumcy
Addizon*s Dizsase

Bone Pumor, lunyg Tumor
Bone Tumor, Lung Tumoy
Bone Tumor

Bons ‘fomsr, Lung Toner
Lithg TuRst

Bone Tumosy. Lang Tumor
fBone Tumor, Addisan's
Lung Tumsr



o

INHALED BPLUTONIUM NITRATE [¥ POGS

INITIAL ALVEDLAR DEPOSITION IREALATION EXPOSURE MONTES SINCE
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ DRTE IRBALATICN
BOG WCT/G - 9 WEIGHT AGE® oF R,
TOSE GROUE RUMBER SEX HOE LUNG #i1 (KRG im6 OATE BEATH 5730583 DEATH COMMERTE OF DEAD DOGE
CONTR. 1356 3 5} 0,08 2,00 112.7%
CONTROL 138% L] e L.84 .09 112.6%
COHTRGL 137346 ¥ I 2.06 b.on Ba/ll/ 89 76G.8% Prneumonia
CONTROL 1288 M o .00 G.58 06711783 BE.7* Sacrificed
CONTADL 1353 M i .00 .00 111,3*
CONTRUL 1495 " Ei G.00 BLGD Lr0,.a%
CORTRAOL 1409 3 i .08 .00 116.8%
CORTROL 148 ] & 4,08 Q.00 116, 5%
CONTRGL 1425 B o 4.9% 3.00 CE/02/82 96.5% Beatus Epileptious
CONTR, 14%8 r 4 5.68 0,06 11704781 87.4* Sacrifived
CORTROL 1455 F & &.46 .00 18%.8%
CHNTROL 1483 3 ] £.00 G0 LaB,a
{ENTROL 15309 M & .00 G, 0d TOR.1¥%
CHRTROL 1514 ¥ [ 0.08 4,03 1078
COHTROL 1525 L] € n.090 e 167 .8%
CONTROL 1526 & " N.95 5,00 167, 8%
CONTEROL 1528 F o eI 24 g.00 107 .4
CONTRIH, 1843 » fi 6.648 0.0n 145,90
CORTRGEL 1463 F g (R G.on 35 .5
CORTROL 1533 F 9 .00 .00 T A
CORTRGL 1577 M & 2.00 .08 95 F*
CORTROL 1584 F [ 0.00 1 1] 96 . £%
COATROL 1594 3 ¢ 0.00 4,040 8¢ 8%
CONTEOL 1698 ® fn (<14 .00 95, 3%
CONTROL 1633 ¥ 0 4,80 8.08 5 I R
CONERGE, 16338 F n 806G 0.0 £%,3
VEHICLE 1381 M 4 G0l 0,48 .5 21.0 BIZFI3/T6 81 .5
VEHI{LE 138} ¥ & 3,00 0.8 B.8% 18,8 DRA13776 91.%
VEBICLE 3 4 M f .00 4.06 13.0@ 22,8 84/32/76 B89.3
VERICLE 1408 ] & 0.49 G,048 13.%  21.6 £4723/7¢ £9.3
¥EIICLE I412 £ [ .25 .00 B8 19,0 Q2S804 91.5
YRHUICLE 14%1 bl 0 3,08 f.00 13.8  23.3 067337 7% 87,2
VERICLE 1457 ¥ 0 .08 0,00 12,8 0.6 DESEESHE F:3: 0t
VERICLE 1481 3 b} .00 o,ge 8.0 21.6 86723778 #7,2
VEHICLE 164 F a9 .00 D, 04 0.0 26.% 48/23/7€ B7.2
VERICLE 1514 " & 1,00 o,48 14.0 6.8 08723776 (RFL8/82 73.4 Malignant Lyaphoma
VERTOLE 16524 M g 7,04 §.88 12,0 21,5 GRf27/7¢ 86 .1
YERICLE 1531 F o 0.0 .90 $.0 2B.9 DE/2T/TE B6.1
VERICLE 1542 ™ G 6,58 .06 12.8 8.8 W/¥ST8 BE.L
VEHICLE 156 ® 0 .00 ¢.00 14.9 1B.3 03718717 78.5
YERICLE L1878 ¥ o 8.60 0.09 is.3 18.2 23713777 LA
VERICLE 1593 F ] 0,30 0,04 31,0 18,0 D3SL8ST7 ELH
VEBICLE 1561 F ] d.00 8.680 g.% 18,0 0¥ I5FMY 7®.5

# ypdicates age im months since birdh, all other ages are in moenths since exporure.
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THHALED DLOTONIUM NITRRTE IN DOGS

INITIAL ALVEOLAR DEPGSETION INHALATIONR EXFOSURE MOWTHE S1pCE
~~~~~~~~~~~~~~~~~~~~ b DRTE INHALATION
e+ BCIAG NCLS HEIGHT AGE* oF o
DOSE Grouy NUMBER SEX NCE LUNG ¥G I¥GY (MO)  DREE DEATE 5430783 DEATH COMMENTS OF DEAD DOGS
VEHICLY 1620  k 8 LL09 C.00 1E.8 0 2i.lod2701/7% £3.%
VEHICLE 1634 F g 6,60 g.on 10,5 1%.6 12/017%7 £9.,9
VERICLE 1851 ¥ 8 n.ae 2.0¢ 11.9  1%.2 32200/77 69.9
D~% LOWEST 1418 M & 9,00 8.85 12,0 22,1 95720/76 Bg.3
-3 LOWEST 1438 F & 9,00 0,84 13,8 2).5 85728778 88.3
B~i LOWEST i8% ¥ 4 £.09 .04 8.0 20.5 §5/4/78 88.2
B-l LOWEST 1500 % 6 ¢.o@ 0.00 14,0 0.4 GE/I0STE &8,%
8-1 LOWEST 1515 % it .40 ¢.o0 1i.8 0 13,8 DRI IE g8.2
B-1 LOWEST 1873 % g t.0d 8.G0 115 1%.4 9419477 Ti.4
Bl LOWEST 1581 M g 0,08 5.0 16.5 12,3 24719/77 7.4
D% LIREST 1336 M & b.06 3,40 14,0 18.2 0439/77 7.4
D-1 LUREST 1506 ¥ i 9.01 9,11 1.0 18.3% 947318/0F7 7.4
D~ $AWEBST 1503 M 2 $.81 .12 14,0 19.2 63/13/77 37,4
Dw) LOWEST 1338 ¢ 2 4,82 0.2z .00 LY.5 10718778 11713773 0.8 SBacrificed
Gl LOWEST 1513 » 2 G.02 0o 1E 32.%  1%.5 0%730/776 g8.2
-l LOWES™ 18%0  F - C.B2 .17 16,5 1304 04718577 77.4
B~} LOWEST 1445 ¥ 4 6.63 5.35 12.3 231.0 O5/R0/76 B8.3
D=1 LOWEST 1476 F 3 0.43 .29 10,5  21.8 98720/7¢ 84,2
D-1 LOWEST IZH? M 4 a,03 .32 14.0 15.8 35/28/76 88,3
-1 LOREST 1582 ¥ 4 4,83 .28 13.5 15,2 04419777 7.4
D=l LOWEST 1507 & 5 8,01 0.2% TI0 15.0 04733778 Tiod
Dl LOWEST 13235 % 5 G.44 0.42 11,3 18,0 18716778 11/13/75 0.% Hacrificed
D~ LOWEST 1487 ¥ 6 £.04 .46 13.4  20.5 05720774 88,1
-l LOWEST 1583 F 4 0,84 ¢,40 9.4 13,2 04718737 ¥1.4
-1 LOWEST 13481 M H b.0g 8.8 1.8 RE.2 10406778 13713718 4.9 sBacrificsd
Bl LOWEST 1565 F 8 0.06 #.67 I1.% 1%.4 04719777 77.4
B-2 LOW i513 M & .00 £.80 135 1%.8 88720/%6 58,2
-2 1OW 1528 M 1 4,31 .12 1.5 19.% 08/24/76 85.3
D=2 LW 1418 = 2 8,87 0.29 .5 24,2 BE/E0/76 88,3
D2 1 187 * 3 G.83 0.1%9 14.6 19.4 04719777 FEA
-2 LOW 1466 F 5 0.0 0.27 14.8 21,0 0B/20/7% 8g.3
o2 LW i606 ¥ 5 G.i% G.42 12.% 18,6 04/3%/%7 7.4
Dl 1AW 1579 M & 0,05 2.u% 14.0 0 13.3 64/19/77 T7.4
G2 LOW 1598 ¥ 3 4,05 $.51 12.0 12.2 84/19/77 7.4
-3 LOW 188y w & 9.06 0.468 12,6 15.2 08/39410 7.4
D2 LOW 58 ¥ 8 5.07% £,82 13,00 19.3 98/19s77 7.4
D-2 LOW 1581 1 5.7 6.75 1.0 19.2 64719777 7.4
-2 LOW 1417 # 1l G.a8 0.89 12,40 22,1 08730/78 88.3
a2 LOW 1423 ¥ 18 0,08 G.87 1.8 22,1 05/28/7¢6 88,3
Dud Lam 1567 M 14 U S.83 12.85 1%8.4 04/1577% TR
g LOw 1472 F id 0.08 1.8} 10,9 2%1.9 05/20/78 BB.3
e e 1303 F % .08 1493 8.5 1%.8 05/20/76 88,3
Dw LI 1582 M 1% 3.9 1.03 14.5  1%8.2 64729777 Ti.4

* Indicates age in months sirse birth, a3il oiher ages are in months since sxposure,
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1454
1599
1490
1336
134]1
1605
1384
138%
1433
1444
1548
15495
1390
1391
1587
1388
1548
1344
1588
1888
1529
1574
1375
564
1444
1438
1521
1%3%
1384
1407
FETS
1576
1582
1871
1427
1522
1263
1664
1535
145¢
1838
1422
1837

R i B O L I B e B e B B e S - The BB R B B i S e i e B R B I LG T -

INBALEDR PLUTORIUM NITRATE IN DOGS

IRITIAL ALVEOLAE DEPOSITION INHALATION EXPOSUGRE

RII/G NG/ WEICHT AGKE*

WY LUNG Ki fKG} (M0 BATE
il 7,10 1.a8 16,0 26,5 82008
14 0,40 1.14 g0 19.2 04719797
1% 2,15 1.65 §.5 26,5 05/207%€
21 3.1% 1.52 13.%  18.0 10/716/7%
19 6,16 1.78 1€,% 17.2 10718775
2% 8,26 2.19 1.% 17,8 03715777
34 8.2 2.3% 14,5 22,0 87078
37 8,23 2.54 18.5  2i.% 94720778
3% 3.24 2,88 11.0  18.2 BLA28/78
34 D, 24 Z.88 13.0 21.8 04720776
48 .29 3.17 L4.5  IB.3 BIALGSTY
3¢ 0.29 3.23 15,5 18.8 03/15/77
43 0. &4 3.28 1A 21.9 04720574
c4 4,3y 3.2¢ I6.5 21.9 04/2677%
53 8.3 40 18,5 IR.1 D3715777
50 8.32 3,57 14.6 20,7 DILF2G776
€4 8.3z 3,51 15,8 20.7 91722776
A1 §.13 3.64 11.5 17.3% 10718775
#1 .34 1.7% 11.0 18.9 $3/15/777
58 0.16 3.%% 12,5 18,1 0¥/18/77
$3 2.37 5.08 I0.% 2008 §IFRASU6
44 VY §.21 11,6 1B.2 03715797
54 0,42 §.35 I.8 I®.1 01720078
49 9.48 d.44 @6 B3 03715777
19 G.a1 4,50 1.8 21,0 03728775
53 5,42 4.52 TI.E 230 54720778
33 B.47 4,648 12,60 21,3 UTSR2SE
65 i, 4% 4.89 12,8 20,7 §iinifNe
€3 5.46 5,08 12.5 19.1 BIF30/76
%4 4,51 5.58 B0 18,5 DLAE0ST6
et T.53 5,82 10,0 18.2 83F18/77
k3 1,53 3.86 12.9  I8.7 GASLLHSVY
57 0.54 £,96 9.5 18,1 GI/15777
$8 0.57 .22 11,8 18.E 03715777
68 G.62 §.81 ig.8 21.1 04720778
T &.71 1,78 16,5 Z1.3 07722776
B4 8.74 2,09 8.5 20,2 91720776
31 8,74 g.10 1.5 18,0 83718777
T2 G, 76 8.41 B.S  20.8 pr/zi/IE
£31 .79 8.68 7.0 28,5 $4/30/78
43 3.08 11.865% 8.0 13,0 83715/
3% 1.12 12.35 .0 18,1 81728/78

192 1.4% 15.8% 12.€ 0 18.% L1L/0757Y

LIAL3/05
11713775
0724782
C8/04/7¢8

05705718

0504776

61/23/7%
1l7147%8
06/08/%2
03722778
14718776

31723776
QA28

10720774
91723/%¢
Bafiviez
93721778
13718/76

B3/10/82

sages Are in moentns since exposare.

MONTHE BINCE
INHALATION

q/30/83 DEATH

B8.3
7.4
B3

8%.3
24,3

TBLE
8.5

85,1
IB.E

85.3

53.8

COMMENTS Ok DEAD DOGSE

Sacrificed
gacrificed
Facrificed
Bavrificeg

Sacrificed

sacrificed

Facrificed
Bacrificed
Bacrificed, Lung Tumor
Sacrificed
Sacrifived

Sacrificed
Bacrificed

Hacrificed
Zaerificed
Bacrifived
Sacrificsd

Bacrificed

Sacrificed



£

INHALED PLUTORINM NITRATE IN DOGEH

IRIFIAL RLVEOQLAR LZEPOBITION  INHALATION EXPOSURE MONTEE SIRCE
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww DATE INHALATION
BOG RLSG RIS WETGHT AGE? ar e et
DOSE GRAUY NUEBER REX BRI LEING KG (RG)  {KG: BATE DEATE $/30/83% CEATH CONKENTS OR DEAD DOGE
D4 MEDIDM id0d M 280 1,48 16,25 6.8 21.5 Ga/20708 #9.3
fowd MELITIM 1525 F 245 i k8 16,37 12.% 0 21003 /RS BE .3
Ded MEDIDM 1656 2] a1l 1.54 16.80 12.5 8.4 L1/07/777 8.7
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fmerican Society for Mass Specirometry,
May 5-12, 1883, Hoston, Massachuselis.
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Coal Extraciioh, Separation, and Analye
sis. " Presented at the Hational ACS Meet-
ing, August 28, 1883, washingten, 8.0
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