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COMPARATIVE INHALATION STUDIES
WITH AMERICAN AND ESTONIAN OIL SHALE

L. M. Holland, E. A. Vigil, M. Gonzoles, and M. I, Tillery
Lo: Alamos National Laboratory, Los Alamos, New Mexico B7545

Introduction

One of the princlpal occupational health concerns in the
U.S. oll shile lndustry is the polential for pulmonary damaye
arfter irhalation of eltl.er raw or spent shale dusts. Alonp with
other binlopieal tests, Inhalation studles wlth materiais 'rom
the new .45, ondustry have just bepun, Comparison with buth
erperiment.al results nl epildemiol wy Cindines of se:rontists in
countries with establiched industreler can be of bhenetit in
prefictingg the hatar b ot larpge=socne shale 9il oxtraction in Lhe
Unatoed Chaten, Healbh oftoets staties aanosiated with ol oshale
oxtraction In She 0,050,050 Ko have been weli established for ceveral
decades and are g valuab s snour e oF informat.ion. Pur e and Kal
didl oot find an inereased ine rdenee ot lanyy caneer amony Cob ol
ahale workers nvolved inoa retroagpe tive standy ol Vosamae
perforeel intrateccheni oxperiments Inowhi-ch she instiiled
varioms s nd oi b shale materialas o or therr extracte dntos vt e,
Thers wa no increase af palmonary neeplasia atteribute] to any of
Lhe s i, hewegopr, when tare Jderived from the soll 15 Wore
Insvalter unger condftr o Pt P penei gt ton o L e by
Al Ny e e 10 et ertent L e it ant tume

incifen o oWt abiteryed, -, Fath tocreal chameter obsopyed by ang



in avtopsy matarial from oi! shale workers revealed mild coniotic
ribrosia, some focal and diffuse emphysema and signs of chronic
brenehitis.(3) Small proups of U.S5. oll shale workers liave been
examined with inconeclusive results and most pulmenary cnanges,
ovgerved clinieally, had a strony correlation Lo smoking
hiuvtory,(4,5)

Inhalatlon and intratracheal experiments have been performed
using ureven Siver shales from th. western United States. None off
these studles have revealed a lune tumor incidence above
background, but luny fibrosis has been observed, (6)

current, studies comparing the effects of lon Lerm
Inbatation of elther Estonian kukersite or Anerlean Green River
shales are roported here. Actual exprsure to Kukersite wag
Initiute=! In the 2pring of 1950, and most of the animala are
stell alive,  This results reported here represent interim

Materials anrd Methods

The Green Klver .aales were random samplea token from the
Jtorage plles at the Department of Encrgy (DOE) Anvil Polnta,
Colorado gite, These oros averapge about 'S pallons/ton and the
yuart: content averages about 10% (3-1,%). Estonian Kubkersite
dan obtalned from Lhe Oak Ridge National Laberatory cil shale
repozitory which 13 malntalned under joint, Depart aent of
Enerpy/Environment.al Protection Agenecy sponsorahip. The Estonian
materials were supplied to Lhe repoaitory by Dr. Pavei Bogovaki

under the joint U, 5.720.5.5.R. agreement dealing with oil



shale.(7) With our analytical methods, tne kukersite ussayed ac
almost 90 gallona/ton (Fischer assay equivalent); and was found to
:ontain 5-H% quartz. The quartz used in control experiments was
ortained froa u commersial sourece (Pennaylvania Glass Sand So.,
PitLsbure, Pa.) ant in a grahed product in which 53 of the
particies haye a o o below bhoom,

Sixty=two U e Figher=H0 pats werse uged 1o oeash exposars
froc . Expoorires Were in the nose=oniy mode and owers condoted
Yur v Loarsd oy, 4 days/week, Details of the chanbers aned

exX; Sure methets are jnepaded olsewhers in Lhese procos it 3y

Tree lenien g oeqch erperiment oo fSllustrated o Tal e Do In
Jter L nmerye material, the seroen ol conesabrations el
ECConioamn o GhoaLte ot mpet Wors o gphr Xarmately e tnpe b rht oo
Cea gt hoyer shoaler et . QN e entratle nad

Yot PHEH A S T ST LR R FCEETIE U TR A (TR L
e, i et Tl

Lxpn-ct e 1 e et onet v ol R S N Y
Vo U Thas rhr i U et oander car taler o ey eoptitiens, N

v cacr Locer gge e peprtorme l, hoveser s abd ot ial
S b g ogpane !t ta geeen Kiver Shaies haye been e Ay

e b dgted e Uiee SV ades Chat o g ettt Yo o T
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TABLE I

{Elapsen
Material Animals Cuncentration Frequency Time
Estonian . 6 hrs/day
Kukersite F-34l4 Rats # 50 mg/m 4 days/wk 12 months
Jreen River 6 hra/day
Shale F=344 Rats ®®.150 mg/m 4 days/wk 20 months
6 hrs/day
Quartz F-3i4 Rats  %%8_15 mg/m U4 days/wk 16 months
Sham Controls  F-=344 Rats —— —_—— 20 months
Co'ony Controls F=344 Rats ——— — 15 months

88T pecplrable
#8ny resplirable
RR40% respirable

Elqapsed Lime in experiment by June 1, 1981



Results and Diseussion

No lung tumors attributabls to Inhalalion of oll shals dusts
have bern observed in any exponrd animals, however, noae of the
studies are complete. 1In the stu.idles with Gir2en Rivear shales,
which were Lthe first to beiin, the rate of deatha has !nereased
ad the animals approach two years of exposurs.  We iave
sacrifl-ed Lwo animals tn the Estenian kukersite progpe In order
te shieerve Lhe sbtabtus of Lhe lunes qb thils paint,

Flschor=sdd rata oxposed L) dmert.an shades Beve shown
varyli® Jogrens of lupe Clheasis whisn i clearly sl ateed ta
Lo, 0 xpenure, Andmals Iy oF caeritioer b anh o enroy Y ime
eXnitaten minor chager e, Bl Ll onine Uoanterluveelar
Septe, nlcsbt o igereete oinoc iU, el anirmaLs vy oin e
R L I F R I O HUAL T CHART L I A S L S R
9% U LA A A P LSS PR P AR L P VLN B St S B
e e T et ol et i aed e b, e *w.
cmarra et on the chartite oXposiare ooy e bited ol
mil channe o At e gt i T R e, Hn e e
st e o e cphigter and o some pere e DN el Ltey,
Tt o oW mabe Wy oane Moot ot om0 et
L U PR S # R L B H - B M L HL LU LTI TR S L | O
SR R TR T TLRTE R L [ | T I T e R L e AU T
bt gl el mp b ne jonemen Y U I TEL TEL IR U
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atuly, Renne exposzed Wistar rats to either silien or Green River
shaiv 2ad observed fltroats and lipoprotelnosls but no neoplasti:
changes, {4,

Eqariy inereases in co’lagen can be jdentiried using clasaiz
sLainin); and histocheaical techni-ques and can ogerve to glve an
edarly indivavian of Cilbeosls.  The question of whether fibrosics
i pragrassive after a certain level of insult has not been
Neepiately mswered nor has it been deteralnd if there 18 a
peint af reverribliily in eclliapgen formation. The principal
shrorvaten from inhalation atudies with U8, shales has Leen a
sLraatar torward fikropgenic responie similar Lo Lhat soen
foliwing inhalation of many aineral dusts. We cannot make any
Judsoments baged on only two of the an‘mals expoused Lo Estonian
shal s, Mowwer, we have wdentified mall auounts of neocol lapen
in tune parenchyma ansosiated with Inhaled anale partictes.
Sha' o ust has been Lrimslocated Lo the regional lympn drainage
with conziderabie acr:mulation In the hilar nodes of all anianals
cbhierved ac far.  Heutrun actlvation studles of rat Lissues’
following varlous periods of expusure have shown that there are
minor inereanses In certain shale-related clements in kidney and
Hyver,  These studles have also {llustrated Lhat the major
Lrans sations are 1o the lymphaties and Lhe gastrointeatinal
tracla ey The aecumulations in Lthe allmentary canal are
transitory waul reflect transport out of the lung folluwaed by
awat lowing and olimination in Lthe Fecen,

Anticipat nd worker exposures in a growinpg U.S. oil shale

industry will not be gimple, single factor pheromena. Some



workars will e axponal Lo u number of produsta nuer s raw oo

dust, spant Shaisr dust, anl vapwrs and Inces Op e ratape 5,
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ACHS LWL EDTMENTS

The eatiaoare thane Or. J. R Frine md I'ro M. 5O, Halleek for
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Fee o HEstolosd=al sectlon of a rat Tane erpor o Estonian
oi ' oahale Jdust . Manv alveoll contaln diuat bearine
microphaves.  Masson's I'rlchrone stain. Expe are
norhed: 10 months at 0 SN



FIG., ¥ Hiatolavical woctlon of a rat lune exposed Lo alliea
(quart:) dust.  Feeal searrine Rurrainds blood vensols
and a brenchlole,  Dark lnes represeat collagen,  Thins
sectlon wad taken 'V months arter Ingrat racheal
to I me o Lillea, Masson's: Trichrome stain,

SXposare
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