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Studies of the Siology and Toxicology

of Oil-Shale Materials

L. H. Holland
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Most fossil fuels are ❑ade up of biologically active compounds which

can, under the proper circumatancea, lead to one or ❑ore distinct toxic

effects. The data available to eatabliah the potqntial health effects of a

U. S. c1l shale industry are meagre and ~mnnot yet be used for c~parative

risk analysis. Historical evidence, including both clinlcal obaervationa

and expf?rim~ntnl renults, indicate a carcinogenic potential asaoci-ltad with

the crude oils and oil by-products b~t a relatively low rcnpiratory hazard.

Th!: historical ~xporimwe is drawn laruely from foreign Industrim

utilizing geologically dlffercnt nhalca and technically different

extraction proctwuww.

Currmt. rcwarch d~l;lltn~ wll.h t,h~’ blologicnl effect.s of oil SIXIIO

❑llb’f’l.l,. l Af”f”..;. ::1 ht)l.tl ,1:1 F.IqIUI! uni t y and ii d f lwam. UF hnvl’, ~(Jr” t~tlc: Of’

t,hl’ fvw Llmrr jII 4iaLI)Pyl t.hv r:h:ln(:l! U) iI:-:II~:::! blologlt’nl and hcwlth

i*ff’II(:!:J h~’’’ot=f,nn !mIII::tI*y 1:1 dovf”lo~),~tl ;Ind, by ~~xtc~nntnf), tn hrlp Idmnttf”y

t.h~s tld::.11’l:; :wd dnnt r-l hu! f- to 1hIIir mi LIR;iLllJtI. Ttw ,illt*mmin nrl:u’:j from

~;III I?IKJlm~IIXItyor’ !hf~ pnt.ttritl:il ~xpJ::IIrIs nnd t.k~ mntt~r’1:11:1 lIIVIIIVI”II,

Cla:l:lif :Inlm:ll nKIIlllII:I wII.]1 ,:l)mlJl(*x mlxtllr”t~’1 i~,qn lIlf,IIt 1f-y p(~p!.;lln a-ff”I-lqtH



The simple recognition of a toxic

produot or one of its sub-mixtures IS

effeot by a particular process-stream

not useful unlean the probability

for, and ❑ode of, exposure are oonaidered at the same time. Conversely, it

la not enough to consider only the effeots on the presumed target organ or

tissue without regard to ❑etabolic pathwaya, potential late effects and

developmental and geneticr phenomena.

This paper will disousa biological assessment of materials in

relationship to probable exposure routes and attempt to describe the

importance of the mre fundamental bloassaya in predicting eventual hazard.

■

Hlatoric~lly, akin cancer and varioua benign

occupational diseases most often aasociatad with

derm~toses have been the

shale oil production and

use. In IW Alexander Scott described the varloun ❑anifestations of akin

diaeeae found in Scottish oil ahnle work?rs and discussed the etiology and

anatomical lowrtion of lesions and

coneludcd that direct contirct with

cause of’ ocuuptitionnl nkln ditrmsc

sugguoted prophylactic ❑eilsures (1). He

nhnlo oil or its byproducts was the

anti furth~r noted the influence of work



The simple recognition of a toxic

produot or one of Its aub-mlxturea la

effect by a particular process-stream

not uacrful unless the probability

for, and mode of, exposure are oon~idered at the same time. Conversely, it

is not nnough to consider only the effects on the presumed target organ or

tiaaue without regard to metabolic pathways, potential late effects and

developmental and genetio phenomena.

This paper will diac~as biological aaaeaament of ❑aterials in

relatjonahip to probable exposure routes and attempt to deacrlbe the

importance of the mre fundamental bloaaaaya in predicting eventual 5azard.

m
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Historically, akin cancer and varioua benign

occupational dlaeaaes ❑ost often associated with

dermatosea have bean the

sha?c oil production and

uee. In 1922 Alexander Scott dencrlb?d the varioun ❑anl~entationa of akin

diseaac found In Scottinh oil shalu workers nnd diacuasf?d the etiology and

anatomical lor!ation of lesions and suRgvsted prophylactic ❑ensures (l). He

cnncludod that dircet ~ontilct with atmle oil or it:. byprodli~ts wac the

calln@ of or:!’:: ,!,:” 7:1] . ,:.,, :!aoi-1:+1.nnd f’ur’!!~~r nntcd tho lrr~lurner of work

ri3nlfinmf”~t on th~’ ty~~’ :In’i lcrnt.!m of 21!nlwl lflslons. s~.v~pal

Invcntlmtorfl in tho Unltvd Kin@om rlwolop!!d (Sxperlmorrtnl evid~rw? of t.hr

c,lroinngonic potmlcy of varloun nhnlc 011 ptmducts (P,j,h) nnrl Bogovski nrrd



All crude retort oils tested

mouse akin pain!ing program were

average latenoy of 20-28 weeks to

lat~mcy ror BaP controls (7).

In a comparative study of two

simulation of HIS retorting and a

in an American Petroleum Insti%ute (API)

positive for oaroinogenesis with an

tumor appearance ocnnparad to a 38 week

coal-derived llquids, a shale oil from a

blend of natural petroleums, all oils,

exoept the natural petroleum t-lend, demonstrated oarcinogenicity and

dermatotoxic potenoy (8). Hir:ewere exposed 3 times/week for 22 weeks and

then observed for an additional 150 days. This momewhat foreshortened

exposure regime exhibited llttle differefice in tumor latency between the

synthetic oils and placed the shale oil bttween the two coal-derived

liquids on a baala of ccmpmatlve potency. In a second study involving a

orude oil, an upgradnd crude and several ❑iddle distillates (Jet fuel,

diesel fuel, etc.) only the crude oils nnd it hydrotroating residue were

found to bc carcinogenic. However aomc of’ the ❑iddle distillates proved

be ulcerogenic at hi~h doses. Dif’furonccs in carcinogenic pott?ncy hnve

to

.
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While Infla=atory oytotoxic effects observed in

atudim are Important in themselves and provide acme

mouse skin painting

information about the

irritative potential of the varioua oils, th~; also considerably cloud the

carcinogenicity iaaue. If teat ❑aterials are applied at strengths or

“.?equenciea that lead to significant epithelial oytotoxioity very little

sense om be made of the data even if’ tumors are observed. It should be
&

borne in ❑ind that the akin is not just a protective sheet of oella, but IS

a complex organ with diatinot metabolic funotions and rich enzymatic

activity. It la probable that caaponenta applied to the skin are

en=ymatically activated and may be ~electively absorbed through the skin in

a way that ❑ay lead Lo systemic toxicity or to tumcrlgeneals An dlatant

organs. Recent experiments have demonstrated an apparent ncphrotoxicity in

❑ice receiving skin application of both oils and distillation products

(11).

Rodnnt akin palntinfl schcmen are empirical tests and are particularly

applicahlc to such 00MPIPX ❑ixtures as ahalc oil, buL they should not bc

used to conilf’mt’! apcciftc prcxlucfx or proctw!cn out of hnnd. More studies

that attornpt to dl’tcminf’ which components of Lho ❑ixturr! arc actlv~’ and in

-u-



less sophisticated and

These observations are

personal hygiene was of less social Importance.

❑eaningful only when they are

the data from studies of ❑odern oil refinery workers

skin cancer has been shown to oompare favorably with

worker groups.

considered along with

where the incidence O?

that observed in other

Hining and crushing of raw shale and the diapoual of spent shale all

have the potential for releasing f’ine dust particlea in a size range known

to result in pulmonary retention. The size of shale ore used in surface

retorting variea with the process and the reoulting apent ❑aterial wI1lI

became of’ differences in particle size, prcaent varying pulmonary hazarda.

14uch of the concern over pulmonary hazard is related to industrial

environments but the possible release of certain criteria pollutants (Nox,

Sox) and an incrcaae In dusty conditions in the area crould lca(l to regional

problems. Of particular lntorest la the vertical modified in situ (VMIS)

tcchniquc whore two dozen or ❑ore lartio rctorta w~ll bc burnlnu

aimultancously in mine driftn ndjnccn~ to Undl:rground arms in which nrw

retorts are bcinR pr~par~xl. This spccqlal set of conrllt.ions prl’::rntn t!w

Pos=lbllity cf Utli~U~’ wmhirlwl cvrpslmwn (~.g. dunt.:1, fugtt.ivn orgnnfc

vapors, ❑nchincry exhnustn and th~ Iikr).

Chronic bronchlllti, mllfl pnnumor?onlo:lin nnd rmphynom,~ hiivr IXWI

idmntkri~}d in ~utopny m:ltt~rial ~rum Rstoni;ln nil sh:lll~ worknrs. Th~*

rolntivo]y low lnulrlnnnc Is ntt.ributd to Lhm low f%o nlllcn ecmlunl, of’

kukorsltf~ (Iht.onlnn ahaln) iIIId L(J thn Lnw conmntrnl.lorl of’ IIU:II III thl’

❑lncs (12). An nccupntlonnl dl:IwIm? Of Llw upper ronplr”:ltory trwst

(n:~sophnrynx IInd ❑n.jw Simi:WVI) whll’h 1:1 npp;lwnt.ly :wmwhnt dt’pwd[’nt On

job asslgtlmnnt hnn I.mn dcworfhml ~13)m Irl l.tlln :ll,udy “/.7% Of’ thf’ 011



ahala ❑iners suffered from chronic hyper$rophic rhinitim while-7.6% af

workers ooming in oontaot u*th oil shale ash (soot) suffered from atrophic

rhinitis. The latter, more severe disease la attributed to the nature of

the ash and the additional exposure to fugitive gases from tha reoovery

procewesm The olinical pattern apparently resembles that seen after

inhalation of cement or superphosphate.

Most of the ourrent experimental animal studies In the United States

have Concentrated on the effects of the dusts adminiatured either aa

inhaled aeroaols or by repeated Intratracheal instillation. Coomea has

reported on two experiments involving pulmonary responses to both raw and

spent shale materinls. one of these was a so called ‘total exposuren

experiment where hirirlcaa mice were houm?d on shale used aa beddlnRi no

lung tumors have b(’en reported. h the st?cond experiment, Syrian hamatera

Lo rcpmted Inkrntrachcal Instlllatlons of’ clther raw or

Apparently no tumors were observed in this expnrlmcrrt.

inh:llntion sturill’:i uslnn Syrinn hnmstcrn exposed to high

-1, -



initiating ❑ore refined studies. This approach first identifiers an effeot

before defining the mechanisms leading to that effect. The choioe of a

species can influence the outcome of an experiment. The Syrian hsmater has

become a popular ❑odel for either chemically or radiation induced

tumorlgeneaia but Ia not regarded as the apeciea of choice for pulmonary

flbrogenesis experiments. Studies using intratraohed admin18tration have

their place but cannot mubatitute for inhalation expoaurea which are ❑ore

phy~iological . Measurement of’ deposited (or retained) dose la difficult in

inhalation studies (17) and is affected by such things as total

concentration, mode and frequency of exposure and nature of the aeroaol.

~MWWSEMWu~

The question of general tox;city and ~tential genetic effect la ❑ore

difficult to define in intact animal ayatemg; not because expropriate testa

dc not exist but because routes of exposure, dcae levels and opportunity

for contact are harder to pred~et. For example, while it may be

Intercating Rnd solcntifically valuable to dctcrmina an LD50 for a product

oil, it does not necessarily help in the anacssment of the industly since

thn opportunities for thnt level of exposure by a rclrvnnt route arc

prilctic:iliy ncn~:xI::tant.

The moat Immdlatc question in thin nren rcmatnn the potential fcr

waLcr contamination. Hoth nurfncc watcr:~ nnd regionnl aquifers arr

vulnurablo t.o contamination from product Ollnp proccsa cffluentn, npcnt or

p~rtinlly proowmwl shnln~ nnd ct.hcr Indu:ltrlnlly rclntd ❑nt,crinlti. From

Lht? in~[~~try ~t~ln~~ln~ [t 1:1 Imprt;lnt to know not only lf thu

(:t)nt:lmln.lt(yl wnt(srm :Irc blologlu;llly net.lvl) hut whnt. th~ l?ont.:lmlnnnt:l :lr~?

thrlr crl~!nn (both gcncrlt: :wd proctws ifducnd) nnd wh:It proc{vlurc:l nro

ncronnary f’o? clnnn-upm

,.



Among the ayatemic effects that ❑ight result from contamintition of

regional water supplies la disturbenoe of the germinal tissues either as

mutation, a failure of reproduction or a direct effeot on fetal

a

development. Gregg has Eeasured the embryotoxicity of one untreated retort

or produot water and identified an unusual number of defects of the palate

in mouse embryos. While no aigniflcant ohanaea in fetal numbers and

weights were noted, the lesions of the palate exhibited a dose reaponue.

No over~ signs of maternal toxicity were noted (18). Meaaur~merlta of the

direct toxicity and teratogenic potential of the so-called Omega-9 water

associated with true in-situ retorting near Rook Springs, Wyoming have been

largely negative. This material la apparently a ❑ixture of ground water

and water associated with the in-situ burn (19).

Other tests of genetic damage and reproductive fitness which should be

utillzed include dominant lethal assay, oocyte dgpletion, sperm head

abnormalities and chromosome abberations. Some work hae begun in this area

but the experiments have been l!mited in sco?e.

Careful attention should be @vcn to the possibility of contamination

of soil and water with toxic trace clcmenLs and to the potential for

bioaccumulativc phenomena. Some of them materials do not reveal Lhclr

bio~ouical activity eaally with the result that chemical. detection must be

moru hnavily relid upon for t.hr irlr?nt.1 rJ~ation of’ hnzard.

JJI Vitro T.sWf}

A number of unnful ;l~giiy:l hnve btwn drw(~lor[xl for mcnnuring a ficnernl

cff’f’ct or ns prdlctorn of more Opncffic nli.or:ltlon:l jn intnct

m:lm:ll:l(inclll(llng mm). Clllcf nmon~ I.h[’::o Itl t,ho %lm~nclli~ histldlnc

revf’rnlon :;ynf.rm (fimv:] a:lsny) whlvti t.cnl,n for UIULilgWlt!Sf:l nnd putatjvc

c:lrrjn(]~fvmll :1. .eJfivtir;l] lnvt’ntlgator:l have applld the Amen iissny t,o

..
-’J-



either whole shale oils or selected fractions (20). Some of the results

with whole oils have been equivocal but several studies indicate that the

highest mutagenic activity residea in the basic fraction. Unfortunately

the veh’clea used in the bacterial assay are usually themselves organic

solvents with the result that defacto fractionation are Inherent in the

procedure. When a ❑ore active fraction is identified the information ❑ay

have some impact on eventual contrcl procedures if it can be demonstrated

that changes in process oondltions or that additional product treatments

reduce the activity. However, because of possible synergisms, antagonism

and masking effects the sum of the activity of fractions is cften different

than that of the original ❑ixture. Waters, however, do not require solvent

vehicles and the results derived from the Ames systems are more

straightforward. Bamhart has reported the relative mutagenicity of

several untreated retort waters and found that the potency is related to

that cbserved in the associated cil (21). The next logical step Ls to

determine wha; compound classes in thu watcl” are ❑ost biologically active.

Other assays involving bcth cytotoxiclty and mutageneaia and employinq

❑ammalinn cells are b(in~ used. Ideally a mite of’ relevant samples should

be tested using as ❑any comparable ayfltcms aa possible in an effort to

ovqrc~me the lack of univ~p~~l covcraut? by any onc assny. The probnbln

enrichment of some shale materials with heavy ❑ctnls is an exnmplo of thl:l

nned. The ar~en~ :;!1s are known humnn carcinogens which arc rcf’actcry to

tnsting by either. thv b~cterial systicmn cr by~ym mt:thcds (22).

The scicncr! of cnllulnr genatica is onc which can hf’ cmployrd both ~

~ and ti ~. The frequency cf ccrt:lln chromosomal aiterntiolln

(sister chromaLld exchnn~c, cndmeduplicnt{on) have bwn studied jn

relation to some cil shale ❑atcrtals but th~? imrlicntlonn of’ Incrcascd

-9-



ratsa ●re unolear. Cytogenetic ohangea am generally assumed to be

indioativo of longer tem effeota but a quantitative relationship with

naoplasia, genarationeL dofeotaor general toxloity IS ill defined.

Bone ❑arrow oells have been analyaed for ohrmosomal abberationa

followi~ akin exposure to either aurfaoe prooeaa or modifled~~ crude

oilf. MO effects were observed. Intr~paritoneal injeotion of one shale

oil Increaa- the frequenoy of ohrmos-e damage at all three doaea tested.

Hetaphaae analysis of oells from mouse embryos at day 12 of gestation from

females which hsd been axpos~ to untreated retort water from day 1 of

gestation Indicnted a transplacental ❑ovement of olastogenlc oompounds.

Chrcnaosaaal damage in embryonic oells resulted fra mxposlre o!’ the dam to

1% retort water (23).

A numb~r of Rmv:ralizatlonfi can be ❑:ide based on historical evidence

and tretis in current resenrt?h. lt should ho bcrnm in mind that both the

-1:!..
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understnndlng of” Lhe entire procr?ss. The obs~rvation that fossil fuels,

includirlg natura!. petroleums are carcinogenic Is nothing cew. It iS to the

credit of the industry that modern refining techniques have almost totally

mitigated that effect. There is little question t.h~lt when oil shale

rcsourn~s :Ire developed Eotll ~Atr~ctt~n and use can be accomplished in a

sensible, safe mannf?r nnd that the? hazards can be controlle? as thc?y are

identified. Tho idc~tificat.ion and mitigat.ton of il~alt.h hazards will

(lPpl?nd upon ?ontinui:fi clcrfif’, coopr~f.ion twt.wf.fin iadu%tryl stat07 gov,.rnments

am! the !Sedrr:il Kov’’r’xn’n! .

.ri-.g#~~Jl:a:-~

Envlr’. Ilf,l]t)l I;I.*,. jl), p.
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