* GENOTOXIC AND CARCINOGENIC

" ACTIVITY OF OIL REFINERY EFFLUENTS |

R . - _ 7 T “by. ) L

A Thesis

Submittec} to the School of Graduate-Studies -

in Partial Fulfilment of the Reguirarents_
. for the Degree

_ Doctor of Philosophy

McMaster University

. . @ August, 1984

a



CARCINOGENIC POTENTIAL OF REFINERY EFFLUENTS

A

-t

0N



.DOCTOR OF PHILOSOPHY (1984) McMaster University

{Biology) . Hamilton, Ontario

TITLE: Genotoxic and Carcinogenic Activity of 0il Refinery Effluents

3

©

AUTHOR: Christopher David Metcalfe, B.Sc. (University of Manitoba), .

M.Sc. (University of New Brunswick)

{

SUPERVISOR: Dr. R.A. Sonstegard

NUMBER OF PAGES: xiii, 203

ii



- ABSTRACT
- .

Concentrgted_ ektrécts were prebared from particuléte, dissolved,
and. vp%atiie cemponents . of effluenﬁs from three low-temperature
cracking, refineries. Extracts'lwere tested - fo; genotoxic activity
ﬁsing 'tpe Ames bacterial mutagénici;y assay, and an in vitro assay’
'éor- siéter_:éhranatid exchange. The dissolved-and volatile camponents
of  effluents showed, little gehbtoxic activity, bﬁt .par;icgiate
extracts' from two of thrée refineries sampled We:gfg}gniﬁicantly
metagenic:  One partiCulaté sample gave a positive‘response in the
sister chromatid exchange (SCE) assay.. All'samples_requiréd-exogenous
activation with rat-liver microsomes (849) for,éxpression of genotoxfz
activity. Subfracticnation of .particulate extracts indicated that -
mutagenic dctivity was concentratéd in neutral, bolar fractions.

The hhtageniq/carcinogénic hazard associated wi;h'_ the
chiorination of water contaminated with oil refinery effluents- was

—

also investigated. Non-volatile agents with mutagenic (Ames test) and
. - R -

clastogenic (SCE) activity were: formed by chlorination of dilute

refinery effluents. These compounds were direct;acting, in ‘that the

addition of $-9 was not required for genotoxic activity. _tontact time

- with chlorine, chlorine concentration, effluent concentration, and the
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pH of the reaction mixture were found to vary the mutagenicity of the

extracts.

The effluent extracts were tested for éarcinogenicity'using an

.

in  vivo embryo'assay developed for these Stud*es. Microlitre volumes

of extracts were injecﬁed into eyed ralnbow trout embryos, and tne

fisn' rai sed for 12 montns before necropsy. Refenepy extracts were not

1 with extracts

* from ‘both the particulate and dissolved components of effluents

directly carcxnogenlc.- _Coxnjectlon of aflatoxin:B

R . - ' - .
significantly increased the incidence of hepatic carcinomas. This

-

‘ co—carC¢no%9nlc effect’ was most pronounced wnen the extracts and

.-',"aflatoxg were preindubated with: rat S-9 before embryo

1
'1njectlon. Effluent . extracts coinjected with a dlrect—actﬂng
- carcinogen, . N-methyl -N'—nitro~N—nitrosoguanldlne (MNNG), did not
increase the incidence of hepatic carcincmas.
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"PART 1: GENERAL INTRODUCTION

1) CGarcinogens in Drinking Water:

Y

The 'aduatic. envirorment is one'of tﬁ;-ultimate recipients of
man's chemical wastes aﬁd effluents. As a result, a major portion of
thé world's surface and groundwater resources Aéontain organic
contaminants (zoeteman; 1977; Pye and Patrick, 1983). At present,
.some 1300 .organic contaminants have been identified in drinking Qater
'(GarriSOn, '1976), and  this has prompted concern ‘over the possible
health effects of long—Eerm.exposure to these ccmpounds. B

. Epidemiological studies have indicated an association beﬁween
caﬁcers of tﬁé-gaétrointestinal tract and the drinking of contaminated
water (Crump and Guess, 1980).'4 Page et al (1976} found excess
mortality rates for gagtrointestinal cancers in U.S. countlies using
-the Mississippi iRiver‘for drinking water. Increased mprta}ities fromi
stomach and bladder cancers were éorrelated with the drinking of Chio |
Réyer basin Qater (Kuzma et al, 19773. In a case;control_study of
cancer mortalities in Louisiana, Gottlieb and Carr (1982) reported an
association between, mortality rates for rectal caﬁcérs and the use of
Mississippi River water. Thé: risk of rectal cancer increased with
prOximiéy to the river mouth. 1In a casé—control study of populations

in’ North Caroliné,_Struba (1979) found a positive association between

1
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mortalities due to bladder, rectal, and colon cancers, and the use of
surface water rather than well water for drinking. This associ‘atior;
was significant only among rural'populations.

Epidemiological studies have indicated an association between
cancer nortaiities and the chlorination of public drinking water.
Water chioriﬁatioh _ha§fj been shown £o prcduce high levels of
halcnethaqgs,' such as chloroform (Bellar et al, 1974). The
concentration of halomethanes in chlorinated water has. been used as
the independent variable in many of these epidemiological studies.
Cantor (1982) correlated levels of halomethanes iq the drinking water
of urban U.S. counties with excess mortality rateé for‘bladder cancer.
Hogen et al (1979) found a positive association between colon and
rectal cancers (combined) and the conéentration of chloroform in the
drinking water of several U.S. counties.

In a case-—control study, Alavanja et al (1978) associated the
chlorination of surface water in 1New_ York state with increased
mortalities from gastrointestinal and. urinary traét cancers. In a
_similar study of Illinois communities, Brenniman et al (1980) found a
positive asséciation between chlorination of ground water amd
mortalitiés due to cancers of the colﬁn, rectum, and total
gastrointestinal tract. 'Kanareklanq Young (1980) éxtensively studied
the relationshig between "drinking water chlorination and cancer in a

case-contrecl  study based on mortality data for white Wisconsin

Eema;es? The degreeA of exposure to chlorinated drinkiné water was

-



represented by the mean daily. chlorine dose applied to each water
sodrce for a 20 year period prior to the'study."Cance}s of the colon
were the only type for which there Qas a significant association with
water chlorination. There was a strong interactibn bet@éen\ the
presence of - rural runoff in the.chlorinated water and increased risk
of colon cancer. This is consistent with the theory that volatile
halomethanes formed throuéh‘the action of chloriﬁe bn.humic substances
(humic acids are leached from decaying organic material) ;re thé
.‘.éausal factors iﬁ cancers rrelatéd to drinking water (Morris and
:Johéson, 1976). When data were stratified for the pfesence or absence
of pré—chlorination water éurification systems, there Qas a strong
assoéiation between the wuse of non-purified water and- excess
mortalities fram colon cancer.

;n -a review of epidemiological data rglating drinking water and
?anéer,‘ Crump and Guess (1980) found a significant association between
, Ehé incidence oﬁ‘,cancers of the rectum and total gastrointestinal
tract, ~and ~the quality of drinking water. It must be recognized that
the odds” ratios‘ in these ~studies were small by traditional
épidemiolqgical standards (1.37-1.93).° HIn contrast to rectal cancer
data, fesults for canéers of Fhe cdlon and bladder wére not consistent
in all studies. . |

In a, national populaﬁio;Ebgsed (U;S.A.) case-control stugy
designed to examine the putative association between bladder éaﬁéer

and chlorination of surface water, éantor (1984) found‘no overall

"elevation in bladder cancer risk among populétions uEilizing surface,
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or chlorinated surface water. However, when the data were stratlfled
into smokers and non—sTokers, there was a sllght elevation of bladder
cancers (relative risk=1.4) among the non—smoking population drinking
chlorinated surface water. This aseociation may have been obscured
amcng smokefe and the general population-bf the greater effects of

cigarette smoking.

The epidemiological data for carcinogenic risk-associated with

. poor  drinking water quality ie'supported by experimenﬁal evidence:

Analysis of organic compounds in raw and treated drinking water have
identified dany volatile and non-volatile compounds which are known or

suspected carcinogens (Garrison,_ 1970; Zoetemann et al, 1977; Loper,

1980; Coleman et al, 1980; Otson et al, 1982). \Laboratory studies

nave demonstrated that'halcnethanes increase the inc'dedce of cancers
in animal models (Dowty et al, 1975; Page et al, 1976} .\_Studies using
laboratory animals show an lncreased rlsk of cancer'associated with
chlorination of drinking water (De Rouen and Diem, 1975; Hill et al,
1975). '

In, addition to animal assays for ca%cinogenicity, a number of
recent studies have shown that concentrates of non-volatile organics
in raw and” treated dr*nkang water are mutagenlc in bacteri al assays
(Dutka and Sw1tzer—House, '1978; Nestman et al, 1979; Cheh et al, 1980;
Flanagan and Allen, m?g:}:i‘Zoeteman et al, 1982; Kool et al, 1982} .
Loper et al  (1978) found c1ty—spec1f1c patterns of bacterlal

mutagenicity in dr*nklng water concentrates which correlated with

- epidemiolcgical patterns of cancer risk. One sample, prepared from

A
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New Orleans drinking water, was shown to transform mouse fibroblasts. -
Gruner and Iéckwood  (1979) found no bacterial mutagenic activity for

Miami drinking water concentrates, -but these samples were mutagenic

for mammalian cells and induced cellular transformation in human

}
f*broblasts. ' Grabow et al (1981) found that the mitagenicity of

concentrates followlng cnlorination was dependent upcn raw water
)

quallty; as measured by - the total organic carbon content .of the raw
water sample. . | o |

'Chlqrination ‘has been . shown to dramatically increase hthe
mutégenic- éctivity ‘of non-volatile extr;cts from drinking water (Chen
et al, 1979; Fallon and Fliermans, 1980; Dolara et al, 1981; Zoeteman
et al, 1982), but the meéhanisms by which mutagen/carcinogens ére
formed are = largely unknown. Volatile alkyl halides (including
halcméthaneé) can be formed by chlorination of.the pnenolic compounds
comorising humic, tannic, and fulvic = acids (foussefi et al, 1978;
Rook, 1977; Dowty et al, 1976), as well as by chlorination of
contaminants such as phenois and ‘anilines (Hirose et al, 1982).
Non-volatile compounds with genotoxic activity are also formed by
cnlorination of humic acids (Fallon and Fl.ermans; 1980 Watts et al,
1982), and by cnlorlnat ion of polynuclear arcmatic nydrocarbons (vler

et al, 1982).



II) 0il Refineries- Contaminaticon of Drinking Water:

An average of 3,000 ligres of ;ater‘is required to refine each
. 4é gal 'barrel of crude oil'(OQergaard, 1960). -Of t:hisr approximately
200 litrés of water is useq\in ;he “proﬁessing" of each barrel:gf oil,
~and actuaily comes 1into /;Ontact.rwiéh' the  petroleum produéts, The
balance  is used as cooling Qater; 'Sihcg Canada“ refines about .2
| miliion barrels of oil per‘déy (EPS, 1579), the volume of water-ﬁsed
for cfude oil‘préﬁessing amounﬁs to 400 million litres per.déy . &s a
resqit » of - -this‘ -1argé, water _requiremént, the petroleum. and
. . B - . -,
petrochemical :industry was ranked thi;d in‘its worl@wide”potential for
pollution . -of ‘water resources:_(gattelier, 1971). -The wo%ldwide.
discharge of oily ma£eriq} by refineries totals épproximately 300,000
 metric tons pér year {Cote', 1976), and petroleum hydrocarbons have -
'béen -ideht%fied at ppm coﬁcengrations in waters récieving refinery
dischafdes (Keith,‘l§74), - B Lo | f -
- ‘Th%re is little information .on, the carcinogenic risk anbng
.pobulatioﬁs 'liying ne$r= petroleum industries. Hoove% and Fraumeni
(1975) determined that cancer'moftalities;‘particularily'Epr cancers
of ‘the _1ung; bladder and liver, were elevated in U.S. counties'whefe
the  deﬁs£§y of petrochemical industries wés high. .qut et al (1977)
'found elevated mortality rates fbr cancers of thg stamach, rectum,
lunél . testes, .skin,. and nasal cavity/sinuses‘iin counties. where

~refineries were heavily concentrated. These associations were more

pronounced in coQﬁEies with h{gh population densities. Many of these



mortalities may have been a result of occupatiocnal exposures, although
there is no clear evidence of excess cancer risk in refinery workers
(Blot‘ et al, 1977; Rushton.:nd Alderson, 1980). Excess luﬁg cancers
among the general population. could be réiated‘ to the release of
airborne carcinogens by iéfineries. Carcigogenic polynuclear
hydrocarbons (PAH's) 'h;ve been found in soots and air éurrcunding
refineries (Blot et al, 1977). -
Although' the resu?tS‘ of these epidemiological studies are
difficult to interpret, 'they d6 raise some intriguing questions

]

coﬁcernihg ﬁhe;ﬁcdesjby which petrochemigal industries exert influence
upon  cancer fapes in surroﬁnding pqpulaﬁionsﬁ Cancers.of‘the urinary
aqg gés;;dinteétinal’ tracts (stcnggh, fectum, bladder) may be related
to the 'efﬁect of refineries on 1d§al_driqking'ﬁater quality. The _
effluents discharged by' refineries - héve total’ organic carbon

concentrations of 2 to 380 mg/l1 (PACE, 1981). Petroleum derived

compounds . have “been identified in drinking water sources near

refineries (Burnham et al, 1972). Hueper and Ruchhoft (1954) found =

that extraéts fram rgcigving' waters contaminated with Qi;_refinéry
effluents .caused skin tumors when paintea oﬁ_mice. Elanagaﬁ and Allen-
(1981) reported _higﬁ mutagenic activity in river water ZECieving
refiqery discharges; —

 Crude  oil contains-“se§efai " paH dompounds, %nclﬁding,
béhzo[a]pyrene;;iih 7¢oﬁcentra§ipns of ?50}1860_ mg per ton (Blumer,
1972). -However;fthe‘céqcentratiﬁns éf PAH'S in refinery effluents’are

in the low ppb range ( Ershova, 1967; Andelmann and Suéss, 1970; PACE,

a
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1981). The concentration of benzolalpyrene in effluents increases .
w{thi the 'crackin% temperature of the .refining'pfocess, and is not
detected at all from operations under 500°C (Andelmann and Suesé,
1970). Many of the PAH's identified in reflnery effluent samples are
methylated derlvatlves (Kelth 1974; PACE, 1981). Although little is
known about the carcinogenicity of methyl—PAH's, several moncmethyl
benzopyrene derivatives are carcinogeﬁic(.aﬁd 1l-methylbenzo[a] pyrene
exceeds the parent compound in cafeinogenic actgvitf (Iyer, 1980).
Diamond et al  (1984) reported that the mutagenicity of
dibenz (a,h]anthracene incfeasee progressively with tﬁe?%pbstttution'of
a methyl group at one or both non-benzo bay—regien sites;A .

There is little data on the concentrations of other edtentiaily
~ carcinogenic ednpounds in refinery effluents. E;ecentratione_ of
:benzene may be at ppm leeels,.'end alkyl .halides may exceed
concentrations of 100 ppb (PACE, 1981). Various alkyl%halides (e.g.
chloroform) are. carcinogenic in in vivo rodent bioessays fPage and )
saffiotti, *1967), and benzene is. a recognized leukemogeh in humans
(Laskin and Goldstein, 1977). '

In vitro genotokicity teSting of effluent concentrates has
"been used to assess the carcincgenicity of effluents fram a variety of
refining facilities. Since the mutagen1c1ty of fuels produced
synthetically frtnl o ’j. and 011 shales is high (Pelroy et al, 1981),
~effluents from synfuel reflnerles nave been tested for genotoxicity.
~ Effluent concentrates from shale oil productlon fa01ltt1es centain

potent bacterial mutagens {Epler et al, 1979). These agents gave a
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a pbsitive response in .the Ames bacterial mutagenesis assay witn

’ metabolic _activation, -and were ooncentrated in a basic fraction of the

effluent extract. Shale oil process waters were also mutagenic in an
in  vitro marmalian cell mutagenesis assay, but only when'extracts

were pnotoactivated with near-UV light or natural sunlight (Strniste

and Brake, 1980). Genotoxic, pnotoactiva fractions of the‘shalejoil_

~effluent were neutral fractions, and were found' to iptlude two

genctoxic  subfractions containing tne more nydropnilic furans,
Eurfurals,, pyrazmes, pyridines, quinolines, and ketones, and the more

nydropnilic alkylated aromatic hydrocarbons, aromatic amines, and

‘amides (Strniste et al, 1983). Even though Syntheﬁic fuels produced

J ]
by coal liquifaction have high genotoxic -activity (Pelroy et al,

1981), no reports have been published on the genotoxié?%y of the
prooess effluents from these facilitiés. The effluents from bitumen
upgrading -procésses in Canadian oil sands refineries (Hrudey et al,

1976) hnave potential for genaotoxic activity, but there is no published

information on this subject.

Commoner  (1977) found that effluent concentrates from

conventional (“low—cracking“) refineries were .mutagenic in the

Salmonella assay, but activity was relatively low. In a stqu of 7

refinery effluents = (PACE, unpublished), = concentrates were not

_Tutagenic  in the Salmonella assay, did not cause chromosamal

.aberrations - in mammalian cells, and did not elicit DNA repair

synthesis ,in “human’ fibroblasts. However, 4 of 7 samples d_d inhibit

tne repair of UV#induced DINA damage. + Volatile organic components . from

T
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petroleum refineries were reported to give little activ*ty in the

Salmonella assay (OME, 1981), but no attempt was made in this study

to modify the assay procedure to allow for the volatile nature of

b}

extracts. - ' 7

| The characterrlof 'refiqery‘ efflients may vary considerably,

depending upon . the crude. Oll being refined, the refining process, and

the degree of effluent treatment. A large amount of water is used for
’,

cooling of distillat_on processes,- but thisi"cooling water" is only

contaminated when . there is' an accidental leak in the heat exchanger.

_"Process water" _rs in_contact with.the crude oil and originates from

crude desalting processes, as overhead condensate from crude
distillation and cracking processes, as wash water from caustic soda

treatment, storm water From proce531ng areas, and flushings from lines

"and tanks (Cote', 1976). 1In additlon to phenolics, sulfides, ammoria,

. : e .
cyanides, nitrogen campounds, and suspended sdlids, the process water
contains high concentrations of oil and greasé. Qil and grease
concentrations are usually reduced to between 2 and' 24 mg per litre in

\ “e '
final effluents (PACE, 1981), for a total discharge in Canadian

.refineries of about 6,00Q‘kg. per day (EPS, 1979). Depending upon the

tfpe -of refinery, the o0il and grease component may consist of
gasctines, naphthaf kerosene; 'ﬁuel oil, Bunker C oil, diesel oil,
mineral oils, waxes, 1ubricating 0115,, asphalt, coke, mercaptans,
detergents, and sulfonic acxds (Cote ' 1976)

- Process waters are treated by a variety of methods, but most

& . ‘
treatment  facilities  include: 1) Primary treatment by gravity



< T

removal of organic compounds. .

11

I'd

- separation of oil and water (API separator). 2)Intermediate treatment

by " air flotation and/or chemical coagulation. 3) Biological treatment

in oxidation ponds, trickling filters, or activated sludge plants for

\

AT

There is potential for the formation of é wide range of harmful
compounds- when-_}efinery effluents’;come into contact with chlorine.
For instance, phencls, which occcg iﬁ réfinery effluents Qt ppm levels
(PACE, 19815, have been shoﬁﬁ to_-ceéc; with chlorine’to produce
halcnethanes (Hirose et al, 1982); Effluent chlorination can occur
when refineries do not treat their ownleffluents, but use municipal
sewaée treatment facilities for grocessing (Glaze and .Henderson,
1975). The use of municipal water supplies for refiﬁing processes ﬁ%y
also result in the formation of chlorine regction products in final
eéfluents (Cote'; 1976). Finally, there is potential for chiorination
of effluent residues when the discharge of large amounts of refinery
effluents into freshwater resources results in significant quantities

of effluent residues circulating into drinking water treatment

faqilities;

Studies which show that benzolalpyrene is present at only low :
ccncentrations in effluents from refineries operating at low cracking
temperatures (Andelman and Suess, 1970) indicate that the refining
Drocess .may " effect  effluent carcinogenicity. The majority of
refineries are "low . cracking" .Eacilities usihg ‘relatively low

catalytic cracking temperatures (approximately 500°C) to produce

gasoline and other fuéig;e.Facilities with increased potential for the



formation of cercinegenic Syrolysis products include "high cracking"
refineries (producing  fuels, ethylene, and organic feedstocks),
petrochemical refineries, lube oil reprocessing refineries, upgrading
cperations for heavy oils,. and facilities for the prodection of

- synthetic crudes.

ITI) Study Strateéegies: e ’ ///

-

In order to prevent cancers witb/ég/;;vironmental etiology,

the physical or chemiifl agents responsible for the disease must be
detected and identified:’ Thus, huﬁan exposures to these agents can be
limited and the incidence of.associated-cancefe-reduced. ‘ .e'”

There are two bhasic strategles avallable foﬂentlfymg the
carcinogenic agentéhw1th1n the complex mlxture Qf codbounds comprlslng
enV1ronmental samples. In _the first strateg;, samples can be
extracted and concentrated, apd subjected to chemlcal analysxs to _j
determine the concentrat‘on of carcinogenic ccmpounds. However, the;
shear n?mber of campounds present in most complex mlxtgreerconfounds'
this stragegy. For instance, the number of organic com@epnds
identified in cigarette smoke condensate over many years of tesearch

totals greater than 2200 (Schmeltz and Hoffman, 1977). The literature

that distinguishes between compounds that are carcinogenic and those
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that are not is'fﬁéomplete or ambiqgoﬁe._ In an attempt to reduce the
amount, of analytical' work, ' certain groups of .carcinogens are often
chosen for analy51s based- upon g_ priori assumpt;ons of relative
' car01negen1c importance. Groups of'gﬁexpecﬁed or unknown carcinogens
may be ignered in ehis- way . 'Furthermore}-énelytical data tells us
little about the -synergistic act1v1ty of ccn@cunds in mlxtures These
types of chemlcal lnteractlons have been shown to be *mportant in the
rcarc1nogen1c1ty of-c1garette_smoke~ Wynder and Hoffman, 1968).

A ‘second_-approach'to ASSessing -cempie; environmehtal-mixtures
is' to test concentrates for carcxnogenlc and/or genotoxic act1v1ty by
using  in glgég or in v1vo “bioassays: ‘ These tests requlre no
presumptlve dec1510ns on’ the classes of carc1nogens present in the
sample,- and may .glvellan indication * of the synerglstlc aetlvzty of
 conStitﬁent -ceméouﬁde.-- By appE;;;é‘bioassaYS‘to Eract onated samples
(e.g. . mutagen1c1ty—dlrected fracthnatlon"), carcxncgenlc camponents
mey',bes-Lsolated and identified by much less laborious chemical
éﬁalysis._  o |

| Chemicai fractionation and biocassay brotoeols were firse used
in experlmental carcinogeneeis studies with ?;garette smoke
condensate._ A mouse skiﬁ-painting assa? was used to isdlate the
" majority of-tumor—iﬁitiating actiwity in a neutral, non-polar fraction ;
of‘ the condensate .(Wynder and ;foman, 1968)" Chemical analysis off
this fraction . indicated that PAHVS,_nitrogen heterocyclics, and DDT
metabolites were the major constituents. TUmor—prcnatiné‘activity was

identified In acidic, phenclic and neutral fractions of the condensate

) .
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{Bock, 1972; Wynder and Hoffman, 1969).

The carcinogénic potential of extracts from diesel exhaust
particulates have been eitensively studied using in vitro assays
for bacterial mutagedicity; Mutagenicity—-directed fractionation
indicated that, while some genotoxic activity was present in neutral,
non—éolar fractions, the majority of activity was éound in more polaf
fractions (Huisingh et al, 1978; Hi;es et al, 1981}. One polar,
. mutagenic fraction contained oxygenated. campounds which included
arcmatic. . ketones and aldehydes (Hites et al, 1981).
Muﬁagenicity—directed' fractionatién has been used to is?}ate genotoxic
agents fram organic concentrates of drinking water. Using column
chramatography and prepafative HPLC techniques, Loper and Tabor (1983)
isclated a. highly mutagenic constituent of drinking water which they
tentatively idgntified by GC-MS as 5 polychlorinated, unsaturated
aliphatic ether.

The carcinogenic potentials of several industrial'éffluents
have been éharécteriéed by mutagen—diregﬁeé fraégi?nation. Douglas et
al (1983) reported mutageﬁic activify in chlorination-stage effluents
fhﬁn a bleached kraft pulp mill. Mitagenic activity was confined £o _
three ;ilica-gel subfractions‘containing ¢ampounds of intemmediate to
high polarity. Medium—porarityféqmpqdnds inclﬁded various catechols,
"chlp;oaéetones, ~and substituted fatty acids. ©Pelroy et al (1981)
found that Ame;—positiﬁe mutage%ZB from shalé—9il - synfuels and
effluents were conceﬁtrgted\ in a polar fraction, whic@ was shown by |

GC-MS to be nitrogen rich. Epler et al. (1979) found that mutagens in
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shale—o0il effluents were largely confined to a basié, ether-soluble
Eractiont Neutrdl, nop—polar.: mitagens identified in the shale ‘c?\l/. )
itself were {not present in p'lant effluents. /

It is interesting to note that many of the genotoxic compounds
isolated from camplex envirormental mixtures are relatively polar
compounds. This characteristic does not correspond with the
physicochemical properties of many of the "claséic" envirommental

P
carcincgens, such as PAH compounds.

IV Bioéssé}é Methods for Determining Carcinogenic Potential:

Over the past 10 vyears, several in vitro assays have been
developed for determining the genotoxic activity of chemicals. These
include tests for mutagenicity with prokaryotic and eukaryotic cells,
and assays for clastogenic activity (e.g. chramwscmal aberrations,
sister chromatid exchanges, micronuclei) with ma:r;malian cells in
vitro . Because chemicals which are reactive with nuclear DNA are -
usually mutagenic, clastogenic, and carcinogenic {Ashby, 1982), the
major impetus for the development of in vitro genotoxicity.assays
has been their usefulness as’ rapid screening sysytems for chemical

carcinogens.
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a) Ames Test:

The preseét -interést in chémical carcinogens as mutagens was
inspired by the demonstration by Ares et al (1973) and McCann et al
(1975) that the majority of mammalian carcinogens are also mutagenic
to " Salmonella ‘bacteria.. Since then, the  Salmonella
/mammal i an-microsame hediated mutagenesis assay (Ames test) has became
the most widely used in vitro test for screening chemical
carcinogens. |

The test organisms in the Ames_&gst are several mutant strains

of Salponella typhimurium selected for-specificity to reversion by

mutageng™ from a- histidine requirement to prétotnqghy. The tests are
conducted on plates w%ph histidine deficient agar, and the number of
revertant coloni;s on the plates following incubation are scored.
Because many‘ non-electrophilic chemicals require metabolic activation
to DNA-reactive species, hamogenates of rat-liver (S-9) are included
in the test ﬁixture to metabolically transfornfprcmuﬁagens to ultimate
mutagens. | N

The tester strains used in the aésay were selected from
populations with spontaneous .or induced mutations in the histidine.
operon (Hartman et al, 1971). .The most commonly used mutant strains
are. TALS35, TAL00, TAL538, and TA98. All of these mutants have
deletions ip the uvr B region of the chramosome, which eliﬁinates
excision repair systems. Other ”_mutations { rfa ) eliminate

polysaccharide side chains of the lipopolysaccharide bacterial coat,
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rendering the bécteria more permeable to chemical agents, and also
non-pathogenic.

The strains TA1535 and TAlQ0 con;ain the histidine mutation
his G46, which substitutes GGG (proline) for GAG (leucine) in the gene
coding for phosphoribosyl—ATP synthetase ( his G), the first nistidine
bDiosynthesis enzyme.. ft can revert by a direct substitution of the
lbase,‘ or by a varlety of suppression mutations which prevent 'the
transcription of the missense codon (Bennef and Ames, 1971). This
mutation is reverted by ~alkylating agents. The strains TA1538 and
TA93 contaln the hxst‘dlne frameshlftumutatlon his D3052, which has
been extensively studieé by Tosono and‘Yourﬁo (1974). The mitation is
a deletion of & G.C base péir in the gene coding for histidinol
dehydrogenase.  Proper coding of the gene is réstﬁred most commonly by
a -2 deletion .of'.a C.G sequence proximal to the original.mutation.
These mutations are reverted by metabolites of van%?us artnatlc
amlnes, PAH's, aflatoxins, and nltroso compounds, which form adducts
with DNA. | —//’ﬁ

The TA100 and TA98 stralns contaln an R factor (included in a
plasmld carrying ampicillin resistance gene) which is thought to
enhance the error4broné recambinational (S0S) repair of damaged DNA
(McCann et al, 1975). This incrégées sensitivity .to reversion by
base-pair and Fframe-shift mutagen; (McMahon, 1979), presumably as a
result of paéé:déietions or additions brought about by SOS repair.

The primary criticism of the Ames test has been its failure to

detect some well-known mutagens and/or carci nogens (false-negatives).
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Haroun and Ames (1980) and McCann and Ames (1978) discussed scme of
the problems which may lead to false—negat*ve results. T;éy believe
that most false negatives are due to inadequacies of the in vitro
metabolic: system in activating promutagens. Safrole is a carcinocgen
which is not detecﬁed in the standard Ames _tesﬁ, while acetoxy
safrole, the carcinogenic metabolite, is detected. This suggests that
the ‘ig vitro activation system does not efficiently metaboiize

safrole. While dimethylnitrosamine gives 1ittle’ response in the
v

‘standard assay with 5-9 activation, / preincubation of

dimethylnitrosamine with the S-9 gives a positive response.’ Several
muitagens which aré negative when tested with rat-liver 5-9.
{phenacetin, ara -rosanilinre} give positive reSbonseszwhen tested
with haﬁstef liver preparations. o

Scme  compounds,  such as-mibauycin Cs give a positive response

only with strains having an intact uvr B repair system (TA92 and

‘ TA34). This mechanism suggests that modifications of DNA by mitamycin

C result in improper base-pairing following excision repair. Other
campounds, suqh as actinomycin D, may be negagive because they do not
accumulate intracellularily in the bacteria (Benedict et al, 1977).
Some campounds are oniy mitagenic in the presence of cofactors..
For instance, azo  and diazo dyes are mut;genic when tested with
riboflavin (Haroun and Ameé, 1980), and aniline and ??boluidine are
mutagenic only when tested in the presence of the ‘ﬁ—cafboline

derivative, norharmane (Umezewa et al, 1978). Several chlorinated

compounds  (e.q. 2,3,7,8-tetrachlorodibenzodioxin, dieldrin) may be



toxic to Salmonella at mutagenic concentraticns.
Rinkus and Legator {1979) discussed some of the factors which:'
may lead to false_,positives in the Ames aséay. The role of -the’
R-factor, which leads to error-pfone repair and mutagenesis in the'
. Ames  assay, has not been sufficiently elucidated. This mechanism of
.ﬁutagenesis has ndt been confirmed in mammalian cells. In the case.oé
-~.the alkylating agent, diethyl sulfate, which has draﬁatically
attenuated -activity in eractor strains, there may be little mutagenic
act1v*ty 1n mammalian systems.
False-positives may also occur in the Ames test when bacteria
metabolize a chemical to a mutageﬁ, but mammals do not metabolize the
ccnpound.. lThe ‘n;troreductase of Salmonella that activates

{ nitroaromatic compounds to mutagens is not found in mammalian cells.

R

Nitroreductase—def;cient derivatives of TA100 and> TA98 have been
-isolated for studies on nitro—carcinogens (Roseﬁkranz and Spe;k,
1975). - ‘

One of the major criticisms of the Ames test.has been the
negative résponse of thé standard test strains to oxidative mutagens,
inci@ding ionizing radiation, blecmycin, psoralins and light,
mitomycin Cy peroxldes, and aldehydes. To meet this crltlc‘sm, Levin
-et  al. (1982) developed straln TAl02, which has an A.T base-pair at the
critical site for reversion within the his G gene. The strain

" contains the "ochre" his G428 mutation, but there is no uvr B
mitation because mahy.oxidizing compoundé Feqﬁire excision-repair for

expression of mutations (e.g. mitomycin C). The sensitivity of the
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'gene‘ to teversion was increased by'increasing the number of copies of
the mutation in the cell. This strain detects.a variety of oXidative
mutagens, many of which have been shown to_aot specifically uponz

' thymlne bases in DNA _ N . |
- A posxtlve result in’the Ames assay is based upoh an.observed
dose—response, w1th at least one dose showxng double the spontaneous'
reversion frequency (de Serres and Shelby, 1979). For most mutagensn
tested ln the Ames assay, there lS a concentratlon range that produces
a ltnear dose—response, above whlch the sample is toxic to the test
organism (Maron and Ames, 1983) A number of'statiStical models have
been described- (Margolin et al,f 1981; Bernsteln et al, 1982) whlch
charactertze the’ non-normal dlstrlbutlon of revertants in repllcate‘
Ames plates - These complex analyses are useful statlstlcal tools forh
checking control data vs. historical- values, ldentlfylng aberrent test
results, and defining the "linear portlon of dose-response curves.
HOWever,, the. criteria for a positive mutagenie response remains the
simple observatlon of a mean response Wthh is double the spontaneous

Erequency

) Sister—Chromatid Exchange Assay:

There is a correlation betweén the ability of a chemical tobact
as a mutagen  and/or Vcarcinogen, and its ability to induce’
sister-chromatid exchanges (SCE‘s)' in mammalian cells ({Perry and
Evans, 1975; Latt et-al, 1981; Natarajan and Obe, 1982). Because of

this relationship, and because abnormalities in SCE formation appear



to\ be 1involved in scme chrtnbsoﬁe,fragility diseases assoclated with
high ratés of skin cancer (Chaganti et al, 1974; Latt et al, 1975),
the ’SCB assay has increasingly been used to screen chemicals for
carcinogenic- potential JHowever, direct demonstratlon of a cause and
effect relatlonshlp between SCE formatlon and mutagenlc processes has.
not been demonstrated

' SCE's represent‘ the exchange of DMA between sister—chnoﬁatids.
at apparently homolcgous locl. These exchanges, which are detected in'.,
cytological preparatlons of chranosones in metaphase, presumably'
involve DA breakage and reunlon, although the molecular basis of thlS.
process 1is not known.‘- SCE 1nductlon-does not occur unless there is
DNA synthesis' in response to DA damage. Wolff et al (1974)
idemonstrated that Uvedamaged cells needed to pass through S phase for“
SCE induction to be detected It has been suggested that SCE
'Eormatlon in metaphase chrauosones is somehow analogous to error—prone\r'
repair | in bacterla (Latt et al,‘ 1974). “SCE's and chnanosomal
.‘aberratlons probably arlse by dlfferent mechanlsms, 51nce agents such .
as . x—rays -and bleomyc1n produce aberratlons w1thout 1nduc1ng SCE's
(Sudha,r:san and Heddle, 1980). |

Detectlon of SCE's *n metaphase chramosames requires scme means
of dlfferentlally labelllng 51ster chromatlds. when the halogenated
nucle051de 5—brcncdeoxyur1d1ne '(BrdU or BrdUrd) is anorporated lnto
DNA, it can quencn‘ the fluorescence of DA blndlng dyes, such as-
lHOechst fluorochrome  33258. Cells which are allowed to 1ncorporate

BrdU for one replication.cycle,_followed_by a cycle in the presence'
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or absence of this analogue (depending on whether in vitro or in
vivo " protocols are used), show differential fluorescence of,sister'
chromatids after ‘staining with Hoechst 33258. SCE's are visible as
':rreciprocal alterations‘in fiuoresceﬁce along the'chranasane
Fluorescence éreparatlons are not permanent, so Geimsa sta‘nlng.
_methods ut11121ng Hoechst 33258 as a photosensxtlzlng agent have
_become the comon technlquel for routine SCE analysis. The Hoechst
33258  increases photodegradetion ~of B;dUesusstiteted . DNA at.
._wéeelengths between 350-400 m. This procedure predﬁces single strand
Breaks in the "DNA,- which after elution’'of single stranded fragments
with buffer, decreases Geimsa stalnlng of DNAZ

Wonolayen cultures are generally used for in vitro SCE ..
assays. ' Chinese hamster ovary (Cﬁo).cells are the most suitableseell
line - for these pretoeols (Laﬁt -ett .al,nl981) because of the short

generation: time (12-14 hr), and -low number of relatively large

-,
™

- chromosomes (21—22i. Furthermore, CHO cells are deficient in excision
' repair, "and there is no need to trypsinise cultures to ﬁarvest mitetic
eells, since . tHey can be shaken ffcﬁ the vessel walls. Like most .
" monolayer ‘cuitures, CHO cells are deficient in metabolic activation
enzymes.  Therefore,- in vitro metabolic transformation of chemicals
to elec;fophiies- requifes addition of rat—Liver microsames (S-9} to
the eultpfe.' | ‘

ﬁatt et al (1981) reviewed the correlation between SCE

induction and the carcinogenicity of chemicals. Of 40 compounds for

which there was cdmbined-data, 25 showed both positive SCE inductien
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and carcinogenicity, 4" showed carcinogenicity but no SCE induction,‘B
showed only SCE  induction, . and 'fop 8 cén@ounds the SCE or
carcinogencity data was ambiguous.. BrdU i£sélf is clastogenié, and
may be responsible for most af the Baseline SCE's ob;érved.ih the
assay. The assay 1s very sensitive to the clastogenicVeffeéts of
mono— and bi-functional alkylatinﬁ agents, such as nitfogen mustards,
mitomycin C, and psoralins 'plué Uv (Allen énd Latt, 1976). The SCE
assay 1is less sensitive to other classes of adduct—férming chemicals,
such. as PAH's and a;anatic amines. -Hdwever, in in vitro systems,
this may often be a result of incomplete metabolic activatién, since
longer periods of’ incubatién with $-9 often incpeéses SCE. induction
ETakehisa and Wolff, 1978). Many carcinogenic compounds whiph7are not
mutagenic give - a pésitiVe reséonse"in SCE assays. These campounds
include ‘diethylstilbeéterol (Natarajan and Obe, 1981), and the tumor

pramwtor, 12-O-tetradecanoylphorbol-13-acetate (Schwartz et al, 1982).

Latt et al (198l) used a two-tailed trtest.to statistically |

analyse the fésponse in SCE assays. The'st;ength of'the'res§0nse was
characterfzed by\ the confidgncé statistic assoéiated‘with the t-test:
0.01<P1<0.05; 0.001<P2<0.0l; P3<0.0017 The agents most
effective’ at  inducing = SCE's were those with a three-point
dose—respopsé .curve, wiéh at least one SCE value in the PB éategory.
In general, the SCE.assay system is a rapid and sensitive method for
scrgehing chemicalg for carginogenic;lpotential. §ecéuse it is a
- mammalian test system, it is often used in conjunction with bacterial

hmutagenicity assays as part of a multi-step carcinogen testing

~d
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c) Eg_:yigg Carcinogenicity Assays- Fish as Assay ‘Organisms:

ig_ vitro genotoxicity aééays.dé not always give a reliable
indication of the‘ carcinogenic potential of a étﬂpound (Ripkus and
Legator, 1979; Bartsch et ‘al, 1982). 'i?or example, u;ethéne,m
chloroform, sodium saccharin, and ﬁ—esgrad}ol are carcirmgenic in //}
vivo , but give negative responses in in vitro genotoxicity assays.
'@oreover, the felative genotoxicity of" a compound does not always
correlate with its relative carcinogenic potentcy in vivo (Bartsch
et al, 1982). Theﬁefore, in  vivo carcinogenesiS'bioaséays must

remain the definitive test of ca;cincgénicity.

. s - ' - L] . .
Rodent biloassays are- the standard method used noin vivo

carcinogenesis testing.; Unfortunately, rodent assays are expensive,
labor intensive, and require large amounts of space. Moreover, the
testing of compounds by these assays require that relatively large .
amounts of test material be available. For instance, hepatic. tumors
were. only induced in mice fed DDT for 567;days at concentrations of
140 mg/kg (Innes et al, 1969). Siﬁilarily,' in the: nnﬁse—skin”
carcincgenesis model,' coke oven extract applied at.a weekly dose of
0.5 ﬁg lper mousé‘for 52 weeks gave a cumulative sk in tumbr incidence -
of 33% (Nesnow et al, 1983). Negative. results using oné roderit
species do not provey that a compound is ‘honfcarcinogenit, Fog
instanée;' bromomethylbeﬁzanthracene. is’ nonécarcinogenic in- hocded_

rats, but produces lung and liver tumors in mice (Roe et al, 1972).

-
~
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L :;;'Eléarly, in vivo bioassays are an important component of a
comprehensive-’ carcinogenesis study. However, methods are required
-~ which are inexpensive, and require small amounts of test material. As
an approach to this problem; we developed a bicassay method using
rainbow trout embryos which requires single exposureé to nanogram
quantities of test material.

. The suitability of this assay depends upon the similarity in
responseulof fish and mammals to carcinogen exposure. Aan epidemic of
hépatocellular carcincmas_ in  hatchery-reared trout led to the
discovery of the potent carcincgen, aflatoxin Bl' in mouldy fish
food (Sinnhuber et al, 1977). This mycotoxin was subseqguently shown
to be carcinogenic to rodents, and implicated in the high incidence of
- hepatomas éﬁgng human populations in same deveioping countries (Shank
.et ‘al, 1972). The epidemic of aflatoxin B,-induced carcincmas in
hatchery—réised trout initiated research intpAcarcincgenesis in fish.
Hart and Setlow (1975) used fish as a test organism to demonstrate
‘that damage to cellular DNA is directly related to carcinagenesis.
They treated isolated cells éman a clonal molly species‘( Poecilia
formosa ) with carcinogenic agénts (UV-light, 2-acetylaminofluorene),
and measured the levels of damage to DNA:-eWhen treated cells were
-injected into isogenic recipients, the fish developed thyroid tumors
within 6 to 9 months. A period of photoreactivation following UV
treatment caused a decrease in DNA damage (thymidine dimers) and a
decrease in tumor incidence. Subsequeﬁt-studies have indicatedﬂﬁhat
fish species are proficient aﬁ photoréactivation-of UV-induced damage,

-
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but they are.deficient in the excision-repair pathways used to repair
the DNA damage induced by most chemical carcincgens. i

Stanton (1965) was the first to use small aquarium fish for
carcinogenicity studies. He induced hepatomas and cholarngiamas in

zebra fish ( Brachydanio reric ) by aguecus exposure to diethyl-

nitrosamine. As summarized in Table 1, several investigators have

subsequently induced tumors in aguarium fish Dy exposing them to a

variety of chemical carcinogens, %pcluding 7,12dimethyl-
benzénthracene, benzo(a]pyrene, 2~acetylaminofluorene, o—amino—.
azotoluene, ethylnitrosourea, dimethylnitrosamine, and . methyl

azoxymethanol = acetate. In all cases, the exposure of fish todl
carcincgenic compounds in water or focd resulted in the deéélbpment of
hepatic neo;lasms (Table 1). An -exception to the specificity of the
liver to chemical carcinogenesis is the induction of chromatophcromas

in the marine croaker ( Nibea mitsukurii ) after aquecus exposure to

N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) or ' 7,12-dimethylbenz-
anthracene 'EKimura et al, 198l). Matsushima and Sugimura (1976)
listed fﬁe advantages of aguarium fish as carciéogenesis assay
organisms; insluding their registancg) to the toxic effects of the
cércinogen, the relative rapidity with which they deve%gp tumors, and
the ease with which large numberé of animals can be maintained in the
laboratory. However, tumor induc;ion_in aquarium f£ish oftén requires
prolonged exposure to high congentrationé {ppm) of the carcinogen.

Fish. species have also been used as .assay organisms for
skin—paintin5~lcarcinogenesis models. Ermer‘ éh al (19703 induced

i
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epitheliama in Gasterosteus aculeatus by repeatedly painting with

benzo{a]lpyrene or 3-methylcholanthrene. Black et al (1984) reported

papillomas on the skin of brown bullheads ( Ictalurus nebulosus )

after repeated application of extracts from contaminated river
sediments, - ¢

The outbreak of hepatocellular carcinaras anoné natchery-raised
trout also stimulated research on carcinogenesis in(;;lmonid species.
Early studies on the etiology of the trout liver cancer epizootic, and
the use of trout as an animal model for chemical carcinogenesis were
performed under the direZtion of Halver and Ashley (Ashley and.Halver,
1968; Ashley, 1973). Further studies on the ,careinogenicity of
aflatoxin By (AFBl) in rainbgw trout, as well as the deVelopment.
of trout as a carcinogenesis assay organism, were -conducted . by
Sinnhuber and co-workers (Sinnhuber et_al,_1977; Greico et al, 1978:
Wales et,_ai, 1978; Hendricks et al, 1980a). One of tﬁe‘features of
rainbow ‘t;out wnich enhances its value as a car01nogene515 researcn

animal is the extreme rarity of spontaneous liver neoplasms among

control fish. Any neoplasm observed in experlmental animals can‘

normally be attributed to a test chemical.

" The 'rainbow . trout is the nost sensitive salnnnld species ta
AFB1l carc1nogen1c1ty, and the Shasta straln of " ralnbow trout appears
to be the most sensitive of the various genetic stralns(Hendrlcks,ur
1982). Lee et al (1968) . fed AFBl at 0.4 ppb to rainbow trout for 60 -
weeks - and produced a 14% *nc1dence of liver carc1ncnas.‘ In a similar x

experiment with rats, Wogan et qf’?1974) fed AFBl to Fischer rats. at
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15 ppb for §6"weeks aud produced 1liver carCLnomas‘rn 19% of the

' animals. Hepatlc carc1ncnas nave been lnduced in trout by dletary

exposure . to other aflatoxln analogues (Hendrlcks et al, 1980a),

. dlmetnylnltrosamlne (Asnley and Halver, ibES//’Gre*co et al, 1978),

. PP —DDT (Hendrlcks, 1982), uretnane, carbon tetrachloride, carbazone,
amj oazobenzene, ~ thiourea, dlethylstilbesterol, and tannic acid.
fHaluer, 1967) A Houever:. the dietary method of exXposure  to
carcrnogens has several weaknesses- rpcludlng the unequal ad llbltumi
exposure oE the animal’ to. the cnemucal, and tne consxderable amounts
of chemical requ1red for exiﬁnded Eeedlng trials. '

Slnnnuber and co-workers (Wales et al, 1978) recently developed
a new tecnnlque Eor cnemlcal carc1nogene51s in rainbow. trout, in which
fertile rainbow trout embryos (egg stage) were exposed to aqueous
solutlons of a carcznogen for a single, short period. They found

'nepat o] carc1m3nas in up to 60% of trout necropsied 12 montns after
exposure to 0.5 ppm of AFB) Eor 1 hr. Using this assay, Hendricks et »
al (1980a) found that other aflatoxin uetabolites and mycotoxins
produoed hepaticA neopi;sms. MNNG produced both hepatomas. and
pepﬁroblasbanas, and nlgh concentratlons of dlmetnylggtrosamlne (500
~p‘ pm) . produced hepatic carcinomas. However, several .other potent
carcinogens. (ethylnitrosourea, diethylnitrosamine) dig not Agive a
posttive response. The embryo may not have been adequately exposed to
the carcxnogen because of the lmpermeablllty of the embryo chorion to

these compounds.,

The tumor prawoting effects of vafius compounds have been
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' studied using the trout embryo immersion protocol. Cyclopropenoi d

'Eatty acids fed to trout following embryo exposure to AFBI produced a

large “increase in hepatic tumor incidence (Hendrlcks, 1981). In a
similar . experiment with Aroclor 1254 (a polychlorinated biphenyl
mixture), there was no prawtional effect upon AFB1 initi;ted
tumorigenesis (Hendricks et al, 1980c). ,Herver, whnen gravid female
rainbow Erout were - fed Aroclor 1254, there was enhéhcement of
nepatocarcinogenesis among the offspring exposed to AFBL by tne embryo
immersion protocol (Hendricks et al, 1981). ’

The 1liver is the predominant site of chemically-induced
tumorigenesis in fisn (Table 1), but tumors in rodents may be‘
situated in a vdriety of other tissues, depending on the route of
administration. While 7,12-dimethyl- benzanthracene (DMBA) inducgd

liver tumors in fish (Schultz and Schultz, 1982), DMBA-induced ﬁumors

in rodents occur in the skin, intestine, kidney, or mammary gland,‘

~depending on the route of administration (Carrol and Khor, 1970; Toth,

4

1970). . Obv1ously, tissue~specific namology cannot be  expected in

chemically-induced tumors’ in fish and rodent species. Factors which

' have been cited as explanations for intraspecific differences in

mammalian carcinogenesis (Bartsch et al, 1982) would certainly apply
to . comparisons between f£ish and rodents. These include differences in
binding reactions of carcinogens to macromolecules, DNA repair,
cellulaf replication, and stimili to tumor growth (e.g. hormones}.
Since many of the compounds listed in ‘Table 1 are not

direct-acting carcinogens, it can be assumed that there are similar



30

metabolic activation processes for fish and rodents. Several sfudies
have indicated that fish and rodent spec es metabolize xenobiotics by
similar pathways (Chambers and Yarbrough, 1976; Sundstrom et al, 1976:
Lecn, 1981). However, fish and rodents may differ in the quantitative
aspects of biotransformation which effect the concentration of an
active carcinogéﬁ_'at the target site. For instance, the in vitro
metabélism oé benzola]lpyrene to dihydrodiols and hydroxymetabolites by
trout liver microsomes is actually 5 to 10 times higher than rates .

w1tn rat liver mlcrosomes {Anockas et al, 1975)
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-Table 1: Experimental chemical carcinogendsis studies with agquarium fish species.

- Campound Exposure Route Species Target Organ Reference

Aflatoxin 8 Food Guppy : Liver 1

. Food Medaka Liver 2

Aflatoxin Gl- - Food ‘ Medaka Liver . 2

Sterigmatocystin Food ' . Guppy . Liver . 3

Food Medaka Liver 2

Cycasin Food,Water Zebrafish Liver . 4

Diethylnitrosamine Water .+ Guppy ' Liver 5

.o Water Guppy Liver,Esophagus 6

Water : Guppy Liver,GI-tract 7

Water. - Medaka Liver 8

Water ' Madaka Liver 9

Water Medaka - Liver 10

Water * Medaka - - Liver 2

Water Poeciliopsis Livér Hematopoietic 11

. Water Rivulus . Liver 12

s . Water . Zebrafish  Liver,Esophagus 6

: " Water Zebrafish . . Liver 13

Dimethylnitrosamine Food - Guppy . Liver 1

‘ - Water . Guppy * Liver 5

Water © Guppy . Liver ; 6

Water _ Zebrafish . Liver,Esophagis 6

PE T Water Zebrafish . Liver ‘ 13
Nitrpéomorbholine ‘Water © Guppy - - Liver,Esophagus
o . wWater . - Zebrafish Liver,Intestine

Water 3 Zebrafish Liwer,Intestine 5

N—Dinitrosopiperazinem Water @ . - Guppy Libeﬁ,CI—tract 97

2-Acetylaminofluorene Food - Guppy - .. : Liver . 1

: , . Foed - Guppy Liver ' S

o-Amincazotoluene Food Guppy ' . - Liver 5

. _ _Food - Medaka . Liver . 2

i 4-Dimethylamino- Fobd . ' - Guppy Liver ) 5

A azobenzene ' . . ' '
7,12-Dimethylbenz- Water ‘Poeciliopsis Liver’ 14
© ‘anthracene . .
Methylazoxymethanol‘ Water . Medak o Liver - 15

acetate . Water Medak ¢ Liver 2 .

.

‘1) sato et al, 1973; 2) Hatahaka et al, 1982; 3) ‘Matsushima et al, 1975; 4)
" Stanton, 1966; +5) .Pliss and Khudoley, 1975; 6) Khudoley, 1984; 7) Simon and

Lapis, '1984; 8) Kyono, 1978;.9) Ishikawa and’ Takayamaj’. 1979: 10) Klaunig et al,
1984; 11} Schultz and 'Schultz,’ 1984; 12) Koenig and Chasar, 1984; 13} Aydin and

. Bulay, 1983; 14) Schultz and Schultz, 1982; 15) "2oki and Matsudaira, 1977.



PART 2: GENOTOXIC ACTIVITY OF PETROLEUM REFINERY EFFLUENTS

[

PURPOSE

The purpose of this section of Ehe study was to evaluaté the
levels of genotoxic agents in liquid effluents discharged by
petroleum refineries. Concentrates of .three effluent components
(particulateé, dissoived non-volatiles, and dissolved volatiles) were
érepgred and tested by in vitro assays (Ames test, SCE assay) to
determine genotoxic activity. Mutagen—directed fractionation was used

to_ isolate and partially characterize the genotoxic agents in

- effluents.

If significant quantities of organic contaminants'fran_refi?ery
~effluents circulate into public drinking-water treatment facilities,
chiorination of the water may pro@uce hazardous compounds. Therefore,
we also evaluated the éffect of chlorinationron the genotoxic activity
of whole and dilute eff}uent samples, Comparisons were made of the

relative contribution of refinery effluents and natural organic

4
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compounds (e.g. humic acids) to genotoxicity following chlorination.

MATERIALS AND METHODS

1) Chemicals and Solvents?

Distilled-in-glass or HPLC—grade solvents were'pgréhased fram
Caledon Laboratories Ltd. {Georgetown, Ont) The n-alkanes, phenol,-
aniline, o~toluidine, and norharmane were purchiﬁ?d from Sigma
Chemical Co. (St. Louis, * Mo.). Mitomycin C, napthalene,
l-chloronapthalene, phenanthrene, .benzo[é]pyrgggn‘ .bénzo(efpyrene,
i—aminoanthraceée, Z,éﬂdimethylphehél, hexachlorophenol; _tetrachloro
biphenyl, dimethylphthalate, diethylphthalate, . dibrdnarxethahe} ‘
1,2dichloroethane, carbon tetrachloride, chloroform, .énd ﬁethflene
cﬁloride were purchased fram RFR Corp. (Hope, R.I.). Epichlorhydrin
and tannig\‘f?id were purchaéed from Fishef Scientific Co (Fairlawn;.
N.J.)}. The l-nitropyrene and 2—acetylam1nof1uorene were gifts frcn D..
McCalla, McMaster UnlverSLty, and p—chlorophenol was a. glft of M. Fox,

Canada Cept. Environment. R. Gupta, McMaster Un;vers;ty, supplled

N-methyl-N'-nitro-N-nitrosoguanidine. - Histidine, . biotin, NADP, and -

glucose-6-phosphate were purchased from sSigma. Humic acid, Hoechst
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fluorochrome 33258, and Brdu were purchased fram Aldrich Chemical Co.
(Milwaukee, WI). ™aAmberlite" XAD-2 resin was purchased from BDH
Chemicals (Torontof, and Tenax-GC resin (30/60 mesh) was purhased frem

Applied Sciences Laboratories (State College, PA).

2

II) Sample Collection:

Effluents were collected fram three refineries in Ontario,

Canada. Refinery 1 was sampled several times during 1981 to 1983.
Refinery 2 was sampled once during the winter of 1983, and Refinery 3
wés sampled in Febfuary and June of 198?. "Grab" samples of 4 litres
were ' collected in glass solvent botﬁles - {(non-volatiles), or iin
stoppered 500 ml glass bottles (volatilés). At all refineries, final
effluent éamples were taken at spillways just prior to discharge into
adjacent boaie§--of water. Samples of intake water were also taken
fraﬁ sampling valves in.the refinery cooling towers. At Refinery 1,
Yin Cctober,. l9é1, Vsamples .were_taken at two additipnal sites within

.

the effluent treatment facility (after oil ‘éeparation, and after

"secondary clarification). -All samples were stored at 4°C under

nitrogen, and processed within 96 hr of collection.
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. . &
ITI) wWater Quality Analysis:

Effluents were analyzed for ammonia-nitrogen, pH, total
éuspeoded matter, " oil and grease, and phencl.. Ammonia was determined
colorimetrically by the method of Verdouw et al (1977), in which
ammonia ion in a 38 ml effluent\sample is reacted with 2 ml of sodium
hypochlorite solution (2% chlorox bleach in 0.1 N NaOH), and 5 ml of
sodium  salicylate solution (40% in distilled water) to form
blue—coloreg'-indophenol. Potassium ferrocyanide solution (2%) was used
as a cetalyst for the reaction, and sodium citrate solution (10%) was
added to prevent precipitation of ammonium ions at the high pH of the
reaction mixture. Absorbance was measured at 660 om in 1 cam cuvettes
after 1 hr, and.compared to a calibration curve with ammonium sulfate
in distilled wetet'.- |

All other' water quality parametere were determined by the
methods outllned in "Standard Methods for' the Examination of Water and‘
Wastewater" (14th edition). Brlefly, oil and grease was determined by
extracting the material retained when a 1 litre water sample wds
passed through a 0.45 pm glass fibre filter. The filter was dried at
100°%¢  for 30-._min “and extracted lnto petroleum  ether

- ,(130—1500C) in a soxhiet epparatﬁs for 4 hr. The petroleum ether
was evaporated in a rotary.evaporator,'end.the'residue weighed. Total
suspended matter was determined by~passing 100 ml of sample through a”

. e
0.45 pm glass fibre filter, drying the filter at 103°¢ for 1 hr,

f
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and. weighing the residue on the filter. Phenol concentrations were

detefmined after distillation of phenols fram nonvolatile impurities
in a 100 ml effluent sample. The distilled phenol was reacted with 2

ml of .4-aminoantipyrene solmtion (2%) after adjusting the pH of the

_-distillate to '10 with ammohium hydroxide solution. The pink—colored

-reaction product was concentrated by extracting with 25 ml. of

chloroform. Chloroform extracts were dried by passing through sodium

-sulfate,: and the absorbance rgad at 510 nm in a 1 cm cuvette. A

.Corning.lGIOA pH metre and a Perkin-Elmer “"Lambda 3" spectrophotameter

were:used for measurement of water quality parameters.

'IV) Sample Extraction and Concentration:

The procedures for extraction of residues from effluent samples
are summarized in Figure 1. Particulates were separated from effluent

sag?les by centrifuging on a ‘Cepa-Schnell continucus centrifuge

- (10,000 rpm) at a flow rate of 250 ml/min. Particulateslwere washed

from = the centrifﬁge}f\rotor with 150 ml methanol, and the
particulate/methanol 'slurfy‘ was filtgred through a fritted glass
extraction thimble (0.4 pm frit). The methanol passing through the
thimble was saved. Thé particulates retained in the thimble were
extracted 'y soxhlet (6 'hr) into the methandl saved fram the rotor

wash. In order to test thé‘efficacy of extraction using methanol,

¥
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' Figure 1: Flow~diag;am of procedures for the extraction and

concentration of non-volatile components of oil refinery effluents.

-
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particulates from, February, 19‘82 samples were extracted into methanol
as desc:ibed above, then further extracted for 6 hr into 150 ml. of
methylene chloride.

The superpatantz collected after continucus centrifugation was
passed in volumes of ? litres. through colums (8 cm x 2.3 cm I.D.} of
;Amberlite“ AAD-2 resin (8 gm dry wt) at a flow rate of 25 ml/min.
Organic compounds retained on the resin were.ei;ted Q;th 100 ml of
oiethji etﬁer (containing 1/4% ethanol as preservative). The ether
‘was equilibrated in the column for 15 min prior to elution; in order
to test the completeness of extraction usiﬁé ether, samples collected
in february, 1982 were extracted into ether as described above, and
.further eluted with 100 ml of methanol after equilibration of the

v‘solvent in the column for l 5 nhr.

All extracts were evaporated to approx1mately 15 ml on a rotary
evaporator, and drled by p3551ng through approx_mately 20 ‘g of sedium
sulfate in a Buchner funnel. The sodium sulfate was then washed with
20 ml of the same eolvent used in the extraction. . The combifed volume
was again rotary—evaporated to approximately 2 ml, and this was
evaporated just to dryness under a stream of n;;rogen. After werghlng
the residue, the extract was made up to volume in acetone. Al
extracts were stored at 4OC_ in amber glass vials, capped with
air-tight septa. The ‘'sodium sulfate used to dry extracts had been\
previoosly washed with n—-hexane (glass—distilled) ko remove

contaminants.

Volatile organic campounds s were extracted from effluents by a
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modification cf‘ the purge-and-trap technique' of Pagel and Smillie
(1980} . | An - effluent sample (500 ml) was placed in a gas wash—bottle
and heated to 80°C in a wate;’bath. Volatiles were Stripped fr

the sample by bubbling with nitrogen at a flow rate of 100 ml/min.
- The stripped volatiles were adsorbed by two glass trapa‘in series,
each containing 0.4 gm of 30/60 mesh Tenax GC packlng Traps were
made fram the bulb sectlons of 15 ml glass, volumetric pipettes, and
Tenax resin was sealed into the 'traps with silanized glass wool.
Aftet wO.S. hr of extraction, the initial two traps were replaced and
extraction continued for ~another thour. 6I’I'he four traps were each
placed in a 15 ml glass; graduated centrifuge tube, and 0.5 ml of
meghahcl was plpetted into the: top of each trap. The tubes were
‘Zpﬁtrlfuged at 10,000 rpm for 5 min. on an IEC centrifuge at 4 C.

further 0.5 ml of methanol was added to each trap, and the tubes

re—-centrifuged for 5 min. The 0.75 ml volumes of methanol eluted from
each trap into theicentrifuge tubes were pooled, and the'tinal volume
(3 ml) stored in ait—tight glass septum-vials at.4°C.

Non-volatile dissolved extracts _and particulate extracts wete'j
subfractionated into acid, base, and neutral fractlons by the method
reported by Bryant ard McCalla (1982); withe the exception that diethyl t
ether was used hnstead of cyclohexane as the organic solvent. The
effluent extract in 100 ml of diethyl ethe; ‘was succe551vely extract
into 100 ml of mild base(5% Na,CO 3)} and m;ld»acxd (5% acetic
acid) solutions. The pH of .the acid solutionﬁwas then adjusted to pH

11 with 0.1 M NaOH, and the pH of the base solution adjusted to pﬁ_ll

~ . ?
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Qith 0.1 M HCl. Base%end acid Zr;éElons ware theh.partitioned beck
from the aqueous phase! into ~diethyl ether. The original'orgenic
(ether) phase retained neutral odnoounds.

Extr;éts were also subfractlonated by silica gel column
chronatography accordlng to the method of Coleman et al (1980).
Extract re51due with a dry weight oE. between 20 and 25 mg was
dissolved lo' 0.5 ml. of "hot" hexane, and.applied to theqﬁop of a 14
cm  x 5 mm l}D. micro—chromatographic uoolumq. (disposéble pésreor

pipette) packed 'with 0.2 gm of 5% deactivated silice.gel. Silica gel -

‘Qas activated before use for 2 hr at 13OOC, cooled, and

deactivated by adding dlstllled water (5% by we1ght) The silica gel'
as/fﬁzored in a stopperedr glass Ehrlenmyer flask, and used within a
of (_activation. Organics were partitioned into 7 subfractlons by.

N

eluting) with thé following solvents: 1) 0,5 ml hexane, 2) 1.ml hexane,

3)* 4 ml hexane/}4) 4 ml hexane-benzene (1:1}, 5) 4 ml benzene, 6) 4 ml

methylene chloride 7) 4 ml methanol.

*

In order to determine the efficiencies of the _extraction
~ . / o - = "

\procedures,' 2 litres of distilled water and 1 gm of activated qlumine-

(representing. particulates) were spiked _with'non—volatile campounds
dissolved in 0.1 ‘ml  acetone (naphthalene, phenanﬁhrene;
benzo[a) pyreney . ' aniline, o-toluidine, 1—anthramine, dodecane,
hekadecane, eioosane: phenol, diﬁethylphehol, p—ohloropheool),f and
extracted by the techniques previously described. These coﬁpounds were
splked at concentrations of 50 “and 5 ug per litre for extract*on by

/

XAD-2 resin, and at lOO\.anq 10 Uy per gn for extraction by soxhlet
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procedures. ﬁblatile campounds - {(chloroform, J benzene,

1,2—dichloroethane, dibromomethane, phenol) ‘were spiked at

concantrations of 2 and 0.2 my per litre into 500 ml distilled water, .

and extracted by the pufge—andftrap methods desc;ibéd previously.

e camared the system of XAD-2 resin extraction usﬁé;ii:thls

study. to another XAD-2 protecol used)for concentratlng dr1nk1ng~water

-

3

-samples (Nestmann et al, 1979). Using this method, we extracted /
v /

mitagens from 200 litres of drinking water with an XAD-2 resin columﬁ
. described' by LeBel et al (1979). Briefly, -the XAD~2 column consisted
of "a copper tube (16 mm O.D.# 36 cm) filled with 15 gm of XAD-2 resin,
which: Qas connected by copper tubing to a drinking water tap. Water
flow was controlled at a flow rate of 140 ml/min by a Nupro metering
valve beﬁwéen the tép and cartridge. The XAD-2 resin was' eluted with
300 ml of aéet:?e-hexane {15:85) after 15 min. of solvéﬁt

equilibratién in the column. Extracts were dried and concentrated as

.deééribed previcusly.

V) Chlorination of Refinery Effluents:
o Undiluted effluents,  and dilute effluent solutions (2.5%-20%)
were . chlorinated under various COnditions of pH and chlorine

concentration. The dliéglved (volatile _and non—volatlle) organic

components of the chlorinated solut‘ons were then concentrated for in
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vitro ‘,genoboxicity testing. Effluents used in chlorination tests were

collected as described previously in June, 1982 and February, 1983

from the final holding-bond at Refinery 1.

Effluents uere diluted with volumes of onganic—free‘water,
prepared by passing double—dlstilled water through 0.45 um membrane
filters and Norganic" resin cartridges (Millipore Ltd.). 'A stock
chlorine solution was prepared by bubbling nigh—pur‘tyrcblorine gas
(Matheson Corp.) tnrougn organic-free water. The cnlorine content of.;
tnis solution was determined by the N N—dietnyl—p-pnenylenediamine
(DPD) colorimetric method described in "Standard Methods for the,
Examination ?f Water 'and Wastewater" (14th edition) DPD indicator
solution (0.5 ml) arid phospnate buffer solution (O 5ml) were addedJ}o
a 10 ml effluent sample (it was necessary to dilute chlorine stock‘f-
solutions with distilled water), and free chlorine neasured‘ by’
absorbance at 515 nm _n alam cuvette. Tbtal chlorine was measured
after addition of 0.2 mlof potassium iodide solution (0.1 gm/100 ml
distilled water). Chlorine conSEntrations weie calculated from a
calibration curve of absorbance vs concentrations of potassium
permanganate standards.
| Effluent solutions were chlorinated by dispensing .an
approgriate volume of cnlorine stock (2-8 ml) into 2 litres of
-effluent._solution (non-volatile tests), or 500 ml of effluent solution
(volatile tests) in stoppered .amber—glass bottles. Solutions were
incubated : . at ZOOC, with gentle vortex mixing, at chlorine

\scncentrations of 2, 4, 8, or 16 ppm for 1, 2, or 4 hr. The pH of the
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solutions were periodically adjusted to 4, 6, or 8 with NaCH or HCl

solutions (0.1M). - Concentrations _of total and free chloriqg were
determined by the DPD method at the beginning and end of the contact
period. | ‘

In a sepérate experiment, tannic anaﬂg:;ic'acids, and ;efinery
effluents in amounts‘eqﬁivalent to 10 mg of organic carbon were added
to 2 litres of organic-free water (pH,6.0) and chlérinated‘at 8 ppm
for 1 'hr; The érganic carbon content of acid residues énd effluents
was determined by the nodlfled Walkley-Black dlchnanate ox‘datlon‘
method described by Bremner and Jenk nson (1960) o In preparatlon for
_-organic carbon detennlnatlons of reflnery effluent, a 1l litre sample

was lyophilized with a New ‘Brunswick Sc1ent1f1c Model - 564

-freeze—dryer.

Volatile dissolved camponents  of chlorinaﬁed samples were

eittacted by the purge-and -trap techniques previ ously déscribed. The

non—volatlle,. dissolved camponents of - chlorlnated kﬁ:mples were

extracted by the XAD-2 methods previcusly descrlbed, without prlor:
centrlfugatlon of partlculates. .How;ver, afte; elution of the column
with 100 ml of aieth;l ether, residual chlorine was, removed frcn‘the
eluent by passing it through a Buchﬁer funnel containing approxiﬁately
15 gmv'of - sodium sulﬁite.' Non—vblé;ile extraéts were subfractionated
into » 7 fractions. of ' increasing ‘pélarity‘ by "silica gelffcolumn :
chramatography, 'according to .the methodc’of Coleman et -al (1980)

outlined previously.

"In a separate series of experiments, diluted effluent (2.5%)
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maZe up in large volunes (20 litres) of surface water fran the
‘Hamilton Harbour area of Lake Ontario was chlorinated at 8 pEm for 1
hr (pH 6 04 20 °c), and’ extracted by an XAD—Z method, similar to

the’ one described previcusly for 2 litre sample volumes. However, i

» this case'thelzollitre samble‘was passed throu e resin colum at a
faster flow ratel of 120 ml/min. Sample,eiii;::,residual chlorine
removal, sample drylmg, and 'evaporation of solvent were all as’

desé;;bed above.

VI) Mutagenicity Assay:

The | Salmohella' Anmnnalian—microscne mitagenicity assay'(Ames
test)‘ was conducted essentlally as. descrlbed by Ames et al (1975) for
" the plate—lnc/rgoratlon assay Inltlally, samples were tested uslng
\Salmonella strains TA98, TAlQQ, TAlSBS, and TA1538 but subsequent
samples- were tested using stra;ns TA98 and TA100 only. All bacter i
strains were tested by 5he methods outined by Ames et al (1975) Eor
marntenance of hlstldlne requrrement, deep rough ( rfa ) character; ‘
Qr amp1c1llln resrstance (R factor) and UV sen51t;v1ty ( uvr mutatlon} ‘
Stock culture was grown in fco nutrlent broth to a densrty of 1-Z x-
109‘ cells per ml, and after adiition of dlmethylsulfoxrde (3.5 mi 'E-f
per 40 ml of culture), _the culture was frozen at -60°C in 1'ml  —-
Nunc provi als. l | |
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Rat-liver microsomes (S-9) were prepared fram Aaroclor
1254-induced rats (Sprague-Dawley) according to the method cutlined by

Ames et al i1975)l Male rats- (200 gm) were i.p. injected with 0.5 ml

-of Aroclor 1254 in corn oil {200 mg/ml) and killed by decapitation
‘ -after 5 days. Livers were placed in cold 0.15M KC1 solutlon (1 ml/gm
.of liver) and handgenlzed using a Potter Elvehjem apparatus. The
‘;hcncgenate was centrifuged at 9000 g for 10 min on a. Sorval RCZ—B
;.centrlfuge (S5-34 head), and the supernatant decanted and centr*fuged

“again. The. second supernatant was frozen in 2 ml Nunc provials in

‘ ' . )f ‘

Minimum agar plates were prepared a week prior to use, in order
to dissipate‘ condensation in the'plate Minimum agar was prepared by
’

‘r‘comblnlng molten 3%. Difco manlmum bacto-agar (200 ml)}, 4% glucose

SOlUthﬂ (200 ml), and 10X ngel—Bonner solution (45 ml). The agar

" was poured in 20 ml - quantltles into Frscher 8-757-12 (100 x 15 mm)

,'plates, and the plates were stored up51de jdown in a dust—free

containar. ngel—Bonner_ solutlon LIOX) was prepared Eran 2 gm
. o LS ‘
MQSO4.7H20T; 35 gm Na2NH4PO4 4H20, 100 gm .

KHZPO4 and; 20 gm citric acid, made up to a volume of 1 litre

-with-distilled -water. c .

The $-9 mix (10 ml) was prepar%d’by mixing 0.2 ml of MgCL,
solution (0.4 M), 0.2 i of XCL solution "(1".55‘ M), 0.4 ml of

glucose—ﬁ-phosphate solution (1.0 M) 0.5 ml of NADP solution (0.01

f

M), 'S ml of Na HPO4 solution (0 2 M), and the balance of the

2
volume . as’ S— 9 and sterlle,.dlstllled water (Glbco).- Prior to use, S5-9.
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mix was sterilized by filtratioh through a Millex-GS (0.22 pm) filter
unie (Milliporé Corp.}. The optimum volume of S—9Irequired in the mix
{5~20%) w;; determined for each batch of liver microscnes by
optimizing the response of TALQ0 and TA98 to*BEﬁgb{a]pyrene fBaP) and
» 2-acetylaminofluorene (2-AAF). In later batches of S-g, this volume
was further confirmed by optimiéing the'reeponse to efflilent extracts.

Tol begin the“assay} 0.1 ml.of thawed, stock bacterial culture
was placed in 10 ml of Difco nutrient broth in a culture tube with a
loose-fitting cap. The culture was grown oﬁernight (12 hr) at 37°%C
to a density of 1-2 x 109 cells pe?i : The optical density of
the overnight culture was determined by nephelometry at 600 rm
wavelength, and compared to a calibration curve of 0.D. vs bacterial
density. Bacterial /density was determineﬁ for the calibraeion curve
by counting coloniés in a dilution series (10_1 to 10—8) ngWﬁ
up in nutrient agar.

,A' d.l ml} volume of ‘bacteria culture and 0.5 ml of S-9 ﬁix were
piaced iq an autoclaved glass culture tube (15 ml) with the test
chemical or extract dissolved in'O.l ml of solvent. Initially, test,‘
chemicals and extracts were -dissolved in dimethylsulfoxide (DMSO) , bUt.
beeause of the’ inadequate solubility of refinery extracts in thi
solvent, samples were later dlssolved in acetone.’ Volatile extracts

/ were dlSSOlV&d in methanol. Both acetone and nethanol are considered
suitable solvents. for use in the Ames essay (Mattern and Greim, 1978;
Maron et al, 1981). The test mixture.was added to 2 'ml of:moten top

vagar at 45°C, mixed thoroughly, and poured into minimal-agar

.8



plates. 'The molten top-agar consisted of 0.6% Difco bacto-agar, and

0.5% NaCl in 100 ml of distilled water, to which was added S ml of

sterile L-histidine.HCl solution (0.5 mM) and 5 ml of sterile biotin

solution (0.5 .mM)f | After cociing of'the top agar, the plates were
incubated upside~down for 3 days at 37%. |

Volatile - extract? wete . tested for mutagenicity using a

modification of the Ames protccol.. In "aqueous phase" tests, extracts

were combined with top agaf and plated in plastic assay dishes. The.

dishes were sealed by coverlng with glass plates (10em x 10cm’x 0.6cm)

’

rimred with silicone stop—cock grease. The plates and‘;;eﬁapgiih\\\
#

Jrease were previously- autoclaved and dr*ed at 90 C. Extracts
‘tested in ‘"gaseous phase" - (extfacts not mixed with top agar) were
placed on the glass plate surfece, and the plates were sealed onto a
' petri dish‘containing bacteria in the top agar. -After,B hr incubation
at 137OC, "the 'glass plates were‘*reﬁoved_aﬁd replaced byﬂnormel
plastic dish covets for the remeinder of the incubation peciod. Tests
were conducted .with S 9. actlvqtlon in the agueous phase protocol by
pre—lncubatlng the extract w1th bacteria and 5-9 Eor 20 min at
37% in air-tight septum v1als, according .to. the method of Yohagi -
et al (1975). In ‘the gaseous phase tests, /é —9 was added to the
bacterla in the top agar 1ayer . _' ' | .

All samples wers tested Eor a dose—response over a range of.at

1east 4 doses.- At each of these doses, mean revertants per plate were

‘calculated fram three repllcate plates. 1In each test series, there

were  three replicate plates of sterility controls, spontaneous -

T —

-
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revertants, and positive contrpls with BaP and 2-AAF. Plates were
counted using a New Brunswick Sciehtific Model C111 autamated colony
counter. _-

In selected assays, .estimates were‘ made of the number of
bacteria surviving the tox;c effects of thé test extract in the Ares

plate. Dilution series (10 %

to 1078) were made in nutrient
broth from an overnight culture of _the test étrain} These dilute -
bacterial cultures were plated wiﬁh, test compounds and S-9, as in
experimental plates, with the exception that high concentrations of
histidine (0.1M) were added to the t.op agar. The numbers of colonies

present in the dilution series piates gave an estimate of the numbers

of bacteria surviving the toxic effect of extracts.

=

VII) Cawtagenicity Assays:

Particulate (sdxhlet extragt), aﬁd .non—voiatile dissolved
(XAD-2 extract) components of effiuent were tested with benzo(e]pyrene
(BeP)and norharmane in thé Ames assay to deteﬁniné if these two known
-‘comutageﬁs erthanced eziigft mutagenicity. Extracts were tested with

BeP -as describéd by R¥S7et al (1979). Preliminary tests showed that

1, 2.5, and 5 ug of BeP per plate produced a dose—dependent increase
in the mutagenic response of TA98 and TALOO to BaP (Appendix 1).

~These same BeP concentrations and test conditions were used in
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comitagenicity assays with XAD-2 and soxhlet extracts ftan Refinery 1
(June, 1982 sample).

The soxhlet and XAD-2 extracts were also tested with the
comutagen norharmane, accordlmg to the method of Umezewa et al (1978)
w1th the exceptlon that test solutions were not pre—incubated for 30
min before plating. In our hands, the pre—lncubatlon step was toxic.
Lo the test organism (Appendix 2). In preliminary trials, norharmane
at a concentratlon of 0.45 umoles per plate (in DMSO) was found to be
most effectlve in enhanc1ng the mutagenlc response of TA98 to ijg of
2-AAF Appendlx 2) These same test condltlons were used to detenm;ne
the effect of norharmane on the mutagenlclty of effluent extracts.

Effluent’ extracts (soxhlet and XAD—Z) were also tested to
determine if they enhanced the mutagenlc activity of BapP (5 Hg/plate)
or 2-AAF (2 pg/plate). ‘A range of extract concentrations were plated

with the two known mutagens. ‘ _ . -

VIII) Sister Chromatid Exchange (SCE) Assay: ==

Chinese hamster ovary cells were cultured in «MEM medium with

10% fetal calf serum, 100 pg/ml streptomycin, and 100 U/ml penicillin.

giii;art the "assay, cells were inoculated into 25 ml of medium in 250
ml tissue culture flasks, and incebated for 12 hr.

When metabolic activation was required, fresh medium without



serum and 10% S—9/cofactof‘ mix repared ae in the Ames assay) were
added after 12 hr incubation. \JZest extracts were added te culture
flasks in 0.1 ml of acetone (noﬁ—vdlatiles), or in 0.1 ml of methanol
(vo;atiles). After the flasks were incubated with eitracts‘for 1 hr,
or in same cases for 2.5 hr, the medlum was changed and 10 5M
S-bromodeoxyuridine “(BrdU) ‘was added. The Elasks were wrapped in
aluminum foil and incubated for ‘22_.hr. After 22 hr, 0.25 ml of
c?lchicine solution (200 pg/ml) was added to each flesk,“and 2 hr
later cells were harvesfed by shake—off. The eulture was
approxhnately 50% confluent at this point.

The harvested cells were treated for 7 min thh 10 ml of
hypotonic solutlon at 37°%C (0.075 ™ KCl), and hardened by the
addition - of - 2 ml of 3:1 methanol—acetic acid fixa?ive. After 15 min
_'hardening,. cells were centrifuged and fixed overnight at 4 °C in 10
ml o% fixative. Cells were céntrifuged and an appropriate volume
(0.25-0.5 ml) of fresh fixative added for\spreadlng of metaphases.

Cells were spread on dry slides which had been cléaned
ove;dight in 100 -% ethanol at 4°C. Two. drops of cell suspension
were placed on the slide, and as the fixative evaporated, metaphases
wete spread by sharplg.blowlng on the slides. Slides were dried for a
week béfore staining. | b

Slides™ were stained in the dark for 12 min with Hoechst 33258
fluorochrome (5 _mg- per 100mI distilled water), rinsed with distilled

water, and dried. Slides were mounted in Sgrenson's buffer (pH'B.O),

piaced on a slide warmer at 50°C, and exposed at a distance of 5
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cm to black light (Westinghouse F20 Tiz/BLB, 20W) fér 2.5-3.0 mih.-':‘ '
Slides werd rinsed in distilled water and stained in 4% Geimsa for 6.
" min; then dried and mounted with DPX mountant.

* The mean pumber of SCE's per metaphase at each sample dose'was'f
calculated \by scofing-25 metaphases. The significance of differences‘
between the mean number of SCE's per metaphase in experlmental and '
control tests were determined: by Student's two—talled t-tests. A1l

samples were tested for a dose-response over a range of at least 3

concentrations.

IX) Analytical Instrumentation:

- . -

In order to ‘determine Athe efficieﬁéies of the " extraction
procedures (soxhlet XAD-2, purge-and-trap), as well as the effzcsency
of ac1d/base/neutral fractlonat_on, extracts fran ‘spiked samples were
analyzed bg gas chrcmatography USlng a Pye series 104 GLC with a flame
ionizatibn detector (FID). The 2.1. m:”x 2mm I.D. glass'colﬁmn was
packed with 60/80 mesh TEnax GC for analysis- of volatile extracts, and
with 3% OV-101 on Chrcnosorb hFHﬁH?BO/IO 0Ymesh) for XAD—Z and soxhlet
extracts. Chnanatographs were run lsothermally at temperatures -
ranging from o%° to 230°¢, dépending“upoq ﬁhe ., campounds

analyzed.

Analysis of phenols' (phénol;r dimethylphenol, b—chloropﬁénol)

;::/\,.
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required ace?ylation of samples oprior to GIC. A 100 ml ethe.r or
methanol © extract was ~evaporated- to 10 ml, and 30 ml of 5.%
NaZCC)3 were added. The aqueous layer w;';\s rerroved, and this

proc_:edu.re was repeated twice more. " The organ\nc layer was discarded,
~and 1 'mlwof acetig é}\hydride and 10 ml of hexane were added to the
aqueous extract. The solution was ‘“incubated for 30 min at room
temperature, and the hexané layer rembved' }vaporated to volume for

analysis.

- The efficiency of the silica—gel fractionation method, and

characterization of effluent extracts were done by gas chrométography -

using a Varian 3700 GILC equipped with a cold, on-column injector and
FID. A .30m x 0.32mm I.D., DB-5 (J&W Scientific, Inc.) fused silica
capillary column was used. Analyses were performed with. a temperature

program of 60° to 300°C at 5°/min or 10°%/min. High -3

pressure liquid chromatography (HPLC): was performed .onoa’

-

%pectra—Physic-s ' JS000  liquid chromaﬁograph equipped wii;h a Beckman 153
UVrdetectqy, (254 mm), and a Kratos FS950 fluorescence detector
(excitation at 360{’& nm, fluorescence at > ;140‘ nm) . ‘Sam;&es were
separated on a 25cm x 0.4cm I.D.,‘ 10um Vydac 2(01’1'?104 colum using a
| c_:iradient of 60:40 acetonitrile/water to 100% acetorjx.itrile over 25 min.
an Apple, II ' Plus ﬁicroccnputer é:éuipped with a 12-bit
analog-to—digital convertor was used for data acquisition, storage,
anﬁ plotting. |
GC-MS analysis was performed on a VG Micramass 7070F mass

spectrometer equipped with a Varian 3700 gas chromatograph. Samples
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.
were chrc;n‘.atog.raphed‘ on the fused silica capillary columns described
above with the same :'Serrperature program. The column was connected
directly. to the mass spectrometer and inserted to wi.thi'n' 2 cm. of the
Y

electron beam. Electron impact ionization with-an electron energy of
iy _

70 eV was used. Data was acquired with a VG 2035 data)system by

&
scanning from 400 to 80 amu, at 1 sec/deqade. 4
‘v\'\‘. l .
. ‘.ﬂ -
‘h ) * 1
\ ) RESULTS
4%

I) Sample C\lﬁ\‘iﬁcterization:

The "process, water" from refining processes and storm rurioff

was the eBfluent of interest in these 'stuc\iies, and effluent streams

containing treated process water were sampled at all three refineries.,

Int water, which was sampled before it entered the refinery cooling
tower: was samp] as’ a control. The treatment of process water in
Refine nilded an API separator for oil and sludge, f é}‘lation



wilth.  aluminum sulfate, primary clarification,‘ activated sludge *
treatment, secondarfJ\t{;rlflcatlon, apd discharge through a surge
lagoon into Lake Ontario. Refinery 2 4used API separators, sand
filtration, - and activated sludge treatment befq;e discharging into
Lake Ontario. In Refinery 3, érocess _water was treated with a
sour;;a;er stripper, bic-oxidation unit, API separator, dual-media
Filtration unit, and activéted sludge .Ereatment. Treated process
water was mixed with wvolumes of cooli;g water {1:3 ratié) befofe
discharge, ino the St. Clair'River. Final effluent samples taken at
‘_Refin%riesm 1 and 2 consisted of treat;d process water, and samples
from Refinery 3- consiste@- of mixed ~cooling and process water. In
~ October, 1981 efflueﬁt samples were ‘paken from Refi ry\l at three
pointg wiéhin the effluent tredtment process. Samples referred to as R
,"prgzess water", "secondary clag%fier"; and l"sur;;;e lagoon" represent
effluents after oil separation,\after activated sludge treatment and
clarification, and the - final effluent, respectlvely. Also, a sample
of intake water was  taken aé representative. of uncontaminated Lake
Ontarlo water. ' )
Table -1 summarizes the catalytic-cracking temperatures, crude
oil and effluent throughputs, and range of values for effluent quality
paramehefsl‘at the three ?eﬁineriés during sample collection.‘ The oil
refined in these facilities was primarily western Canadian light
crudes, although tar sands synthetic crude was occasionally mixed into

conventional crudes at Refinery 1. Water quality parameters for final

effluents fell within federal effluent duality guidelines (Eg?, 1979),

-



TABLE 1: Mean or range of values for parameters related to the operation and

affluent dlscharge of ?helreflheries sampled in-thls study. Oata

for Intake water (Reflnery 1) Is presented for compar Ison.

PARAMETER

Sample Dates

Crude Thruput "
(Bbl/day)

Effluant Discharge
(Litres/day)

Cracking Teﬁperafura
(°c

pH of effluant

NHS_N (ppm} '

Phenol (ppb) )

Suspended Solids
{mg/}

Qil and Grease
(mg/L) .

Refinery 1

1981-83

60 X 103

4%10
502-526

"7.4=7.7
3.4-10,8
32-42

T 19=33

1.9-8,7

FINAL. EFFLUENTS ) INTAKE WATER
Refinery 2 Refinery 3 Refinery f
1983 Feb, 1983 1981-83
45 x 100 15X 100 -
azx 0% 24 x 10® -
515 - : -
g ' 7.0-7.7 7.6-8.1
I A '\0.5»8;0 "< 041
17 i - 28-34 <1
9 . 1320 4-12
ld 7.2-8,0 0
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and within the range of values reported for other Canadian refineries

L
(PACE, 1981}.

v

IT) Methéd'Veriﬁicétion: "\

(a) Sémple Extraction:

. > ‘
..The efficiency of recovery of spiked: compounds by XAD-2 resin

extraction was greater than 70% gor all comﬁbunds, except aniline,
dodecane, and three.phenols (Appendix 3). Junk et al (1974) Egported
that the XaD-2 eifraction procedure efficiently concentrates a wide

variety of nén—polar and mediumvpolarity organic campounds, but it was

not suitable for & extraction .of phenols.and acids. Thé'recovery of

-

c nds fram alumina by soxhlet extraction into methanol was

efficient for compounds with high boilidg points (Appefx 3). The

N

pdor_ récovery of canpoundé with low boiling points may be due u:l '

vo%?é&lizatiog dﬁring evaporétion of- the methanol carrier. volatile

compounds were éfficiéntly recovered by the purﬁe—and—trap techniqu;T\

(Appendix 3).. .Phenol, which .1s. not considered a volatile‘écn@cund

(boiling point of 1820C),_ was not extracted %Eficiently' by
+ - ’
purge-and-trap methods.

- Figure 2, which summarizés the recovery data for extraction of
- i

dissolved compounds, ' and compounds associated with particulate

maéerial, indicates thét. a ‘group of campounds with boiling points

I ‘ ‘ ’ \\_,—-

-
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between - approximately 100° and 200°C would be lost fram _
effldents‘ during extraction. Non-acidic, dissolved compounds Wlth
boiling points greater than approxmmately 200 C would be extracted
eff1c1ently by XAD—2 resin, and compounds with boiling points: greater
than approx1mately 250°C  would be efficiently renoved from
particulates by soxhlet extractlon. The purge—and trap procedure
eff1c1ently recovered compounds w1th boiling points < 100 .

Because of the /kﬁégfigiezt extractlon of a01d1c compounds by
XAD—Z re51n, effluents passed through XAD—Z columns were subsequently
passed through- an Amberllte XAD-7 column The recovery of splked

phenollc ccmpounds by XAD-7 was “found to be relat*vely eff1c1ent

(Appendix 4). However, after several XAD-7 extracts failed to yield
‘ A | . |
mutagenic activity, this step was eliminated. B .
To determine Yhe compatability of extraction procedures with

\_/N

the Ames mutagenicity assay, extracts fraom samples spiked with 100 pug
of BaP (XAD-2 and soxhlet~ extractioh) or 6 mg dibromomethane
{volatile e§;ractldh) were tested an the Ames assay Recovery

eff1c1enc1es calculated from assay results (Appendix 5) were 119% and
—

87% for BaP extracted by XAD-2 and soxhlet methods, respectively, and.

~75% for dibromomethane extracted by"the purge~-and-trap technique.

There was no evidence of samble toxicity in the Ames plates.
. Effluent samples consist:QBf a much ﬁore’oOmplex mixture of

organic camounds  than the mixtures extracted in spiking studies. To
L]

ensure ~ that samples were berpgz?completely extracted by soxhlet

methods, February, 1982 effluent partlculates (Refinery 1) were

¥
A v

‘f



"re—extracted"\ with methylene chloride for 6 hr. Similarily, elutlonr‘

of Xap-2 columns with ether was followed by a Eurther wash
methanol.  The concentrates fran these "re—extractlon" solvents werer
tested in the Ames assay for mutagenlc1ty (Appendlx 6). Although there
were con51derable amounts of materlal extracted by these solvents,

none of the concentrates were apprecieply mutagenic. However, there -
: N _ :

was often evidence of toxicity to the test strains.

—-—

(R) Fractionatioﬁ& ".

The efficiency of fractionation of campounds Ekto acid:“base, //,/f
dnd neutral componepts was tested by soiking 100 pg quantitiesuof test
campounds  into 100 ml of diethyl ether, and fraotionating the‘mixturesu |
by  the'liquid-i}quio partitioning methods described earlier. Phenolie'
ccnpounds were detecteétln both the acxdlc and neutral fractlons, and
aromatic amines, exclud;ng 1-anthram1ne, were found in the ba51c
fraction (Table 2). Alkanes and PAH'S remained in the ‘neutral

fraction of the sample. - Howevel, compounds with boiling points lower
than approximétel& 200°C  were inefficiently recovered, probably
because of volatilization during sample conJ/';;atlon.

Mixtures of compounds-spiked—at concentrations of 100 ug into
hexane were: fractionated by silicaﬂgel column chn:natbgraphj"iAs

sumarized in Table 3, alkanes and PAH s were distributed between

N 1
[ * '

: . S
! ’. A . - . N :

~

fractions 1,2, and 3; with the highest concentratlons in fractlon 2



¥
-

Figure 2: Relationship '_between recovery efficiénéy and boiling point

for volatile and non-volatile compounds spiked. into distilled water or

..onto alumina, and extracted by -XAD-2 (O ), .soxhlet - (@), and

pufge—anci_—t:rap techniques (W).
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TABLE 2:

690

Etficlency of recovery of splkad compounds In acld, base, and

neutral subfractions,  Percen+ recovéry Is calculated as the mean

of two tests with ether (100 ml.) splked at concentrations of 10

and 100 ng.

Compound

i)

2)

3

4)

%

PAHTs: .

napthalene

phenanthrense °

benzolalpyrene

Aromatic amines:
anlline
o = toluidine

-

1.= anthramine

A lkanas:
dodecane
" hexadscana

afcosane

Phenols:
phena |
dimethy Iphenol

p=chleorophenol

“

Fraction

Neutral
» Neutra|

ﬁeu?ral . :

Basic
B8aslc

- Neutrai

Neufrall
Neutral

Neutral

Acld & Neutral
. Aclid & Neutral
Acld & Neutral

. N

e

2 Recovery

74
93
95

53
70

szm

14
103
95

38 & 52
.21 4 61
198 68
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TABLE 3:° Distribution of splkad compoﬂnds in 7 fractions sdparated by ‘sillca~
‘ gel column chroma+ograph§, Compounds were spiked at concentratians

of 100 pg Into hexane (0.5 mg.) and fractionated by the method of

A " Coleman at al. (1980),
- . % Recovery In Slllca-Gel‘FracTIon;\\-

'Campound 1. 2 3. 4 5

a) Alkanes:

hexadecana o 8 ’ 53 5
elcoﬁana ) L 5 67 13
?efraéosane .5: 69 17

b) PAH's: ' . N
napthalene . ' 5 46 11 .
phenanthrene 11' 64 7
bépzo[alpyrene . - 8 63 15 ... -

¢} Subgtituted PAH;
~acetylamlnof luorene o 87
I=-nitropyrena To79

d) Phthalates: : . )
dimethylphthalate - . ' N

dlethyIphthalate - 82
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Substituted PAH's were found in fraction 4, and pnthalates in fraction
5. ‘None of these relatlvely non-polar compounds were found in
fractions 6 or 7. Coleman et al (1980) identified ethers, ketones,

aldehydes, "and élcohols in fractlons 6 and 7 of a drinking water. -

L 3
concentrate.

(c) Genotoxicipy Assays:

Table 4 lists the mean spontaneous and positive—concrol
activities for the Ames assays and SCE assays as conducted in.this
'studjl These data fall 'W1th1n the range of values reported in the,

Piterature. However, the spontaneous levels of SCE's in CHO
metaphases are relatlvely low; possibly because of the low levels of
S—bromodeoxyur‘dlne (BrdU) used in the test protocol. ,

Bffluent extracts dissolved 1n DWSO showed less mntagenlc
activity than extracts in acetone (Appendhx 7) Thls was presumeably
a result of poor extract solubility in ‘EIﬁRD, since an lnso;uble -
precipitate was present in all DMSO solutions. Thereforey acetone was
the solvent used in all Ames and SCE assays. However, it is important
to note that the number of spontaneous revertants, and the number of
revertants induced by BaP in the Ames assay were lower with acetone
solvent than with DMSO (Appendix 7).

Non—volatilef dissolved components (XAD-2 extracts), and
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TABLE 4:. Hean values determined in this study for spontanecus and positive-

-control induced reverslions in tha Ames assay, and for spontaneocus

and posl+iva¥copfrol [Induced exchanges In the sister-chromatid.

exchange essay '(CHO),

a) Ames Assay:

Assay System

Genctoxic Response

Compo nd - Concantratlon
Control ) -

MNNG . 0.5 pg/plate
Benzolalpyrene . 5 ug/plate

2-Acety laminof lugghne 5 ug/plate

-b) Slster Chromatid Exchange Assay:

4

Control . ‘ : -
Mitomycin C : 0.02 ng/ml
féqiblalpyrene .25 ug/ml
: o . P
N

Z-Acafylamlnofluorenp. 25 pg/ml

TA98 without S=9
TA98 with 5-9
TA100 without 5-~9
TAI00 with S=9

_ TAI00 without $-9

TA98 without 5=9
TAI00 with $-9

TA98 with 35-9

Without $-9
With S=9 (1 ny
With 5-9 (2.5 h)

Hlfhouf‘S-Q

3

With $=9 (1 h)

With S=9° (2.5 h)

With 5-9 (1 h)

With =9 (2.5 h)

Rever+anfs/P|aTe

—

39
46
112
99

1253
897

359

530

SCE's/Metaphase

5.8

6.2

4.9
29,9
16.3

17.3

5.6

15.2
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particulate _ccnponentsrlsoxhlet‘extracts) were initially tested in the
Ames assay with Salmonella strains TA98, TAL00, TA1535, ‘and TA1538.
Because TA1538 and TA1535 were less sensxtlve to reflnery extracts
than the' R-factor strains Appendlx 8), TAQB -and TALO0 were nsed -
exclusiﬁely throughout the study. } \-yj :

IAhes mutagenicity assays'_ w1th volatile’ campounds have'
previously been conducted in sealed contalners (Sunmon, 1981; Barber \\
et al, 1981).  ‘Since these contalners held several plates, and;
compounds were . allowed to volatlllze klnto the chamber, lt was
.dlfflcult to quantlfy the. amount of campound to Wthh each plate was
exposed. The method dev1sed for this study; in which 1nd1v1dual
plates were sealed was an attempt to deveIOp a . simple’ andk_—-

quantlflable technlque for testing volatile extracts.

»
I

Initial trlals using 6 volatile ccn@ounds_indicate-that.the
sealed-plate technique shows similar ‘*sensitivity to’ the
sealed—container methods | (Table 5). Dibrcnrnethane‘ (DBM),
epichlorhydrin} and ﬁethylene chloride were confirned as mutagens in
this assay, while carbon tetrachloride and chloroform gave no
response., Although 1,2 dlchloroethane has been reported as a mutagen“‘

(Table 5); only a slight increase in revertant colonles (less than a
doubling over spontaneous revertants) was noted in our tests. _

Bridges (1978) reported .Eﬁasﬁ the distribution of a volatile
mutagen between the gaseous and aqueous (agar) phases greatly affected
the mutagenic actmvxtY: Some rmutagens, like epichlorhydrin, were

“detected with ‘equal facility in eitherlgﬁase, while dichlorvos was

_



TABLE E? Compar ison be{leen Al assay results
reported in the literature, and In this study uslng the sealed-

plate protocol.
- ‘Ir‘,

REFERENCE COMPOUND CONCENTRATION

This Paper Dibromomethane

1.2 mg/Q.5nl p
o per plate ..
_ Epichlorhydrin 1.6 mg/1.0u!
' ?: o per plate
. c .
Me Chloride 3.5 mg/4pl
. i
. per piate
£ . ,
' 1,2 Dichloroathane 6.5 mg/4ul .
per plate
d
Carbon Tet, 3«7 mg/aul
14 per plate
Chleroform 5.2 mg/6ul
pe la
Slmmon,a Dibromomethane 0.3 ul/dess
1981 Epichlorhydrin = 1" ul/desse
Me Chlor|de" 0.6 ul/dess
1 Digl-oroefhane Q.\-l"j' u!/dess
g =
. b \4 L
Barber, Dilbromomathane 2.5 mg/p!afa
et al, 1981 1,2 Dichloroethans 22,9 mg/plate
d
Carbon Tet, 1.6 mg/plate
[ ~]
Chloroform 2.5 mg/plate

for

4

L

volatile ®onpounds

EXPOSURE REVERTANTS/PLATE

Gaseous
Aqueous
Gasaous

Aquaous

Gaseous "

Gaseous
Gaseous

Gaseous

Gaseous

Gaseous

Gaseous

Gaseous

Gaseous
Gaseous
Gasecus

Gasaous

a .
Plates exposed to compound In.sealed dessicator.

FPlates exposad to compounds In sealed container, Concénfrafions per plate

determined by GC analysis of agar extracts.

c
. Methylene chioride

d
Carbon tetrachloride \

— 4

(TA100 without 59}

V132
~
m6

1571

1491 -

"783

164

(+}
+)
(+)
(+)

~

+) .

£

Vo

1245

538 -

426
994

3380
368
100

81

(T)

+)
(+)
{+)
{(+)

(+)
(+)
(=)
(=)

-4

7

65

.
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hase, and alkyl ‘halides in the

more readily detected in aqueous
gasecus phase. In the sealed-plate ssay, mutagens can be distributed
in el ther phase. Glass petrﬁ'.‘ dishes did not give an increase in
sensitivit;( over polystyrene dishes, \and DBM dissolved in methanol*

(0.1 ml) gave a slightly lower number of revertants than DBM without

solvent (Abpendix 9).

(‘—\

II11) Genotoxicity of Effluents: , ~
(a) Particulate Components:

Whole extracts:

Particulate extratts were ini-tially tested over a wide range

of concentrations to, define the dose required to yield a maximum

. Mutagenic response with minimum toxicity to the test organism. In

thlS study, the ext?:.’ct dose in the Ames plate was defmed by the
volume of orlgmal effluent frcm which the extract was made. Thus, if
partlculates are centrlfuged frcm a volume of 320 ml of e(luent, |
soxhlet extracted, ' and ’concentrated .to the plating volume of 0.1 ml,
the ‘dose - applled to 'the Ames plate is 320 "ml equivalents". A rarge

of 20 to 320 ml equ:.valents of particulate &tract per plate gave a

1J._near dose—-response in the . Salmonella assay (Fig. 3). The toxicity

of sample concentrations above 320 ml‘equivalents was confirmed by
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assays in which estimates were made df the numbers of surviving
bacteria (Fig. 4). Of course, this toxicity assay'does not give a
true estimate - of - sample ;oxicity in the actual Ames plate, since thé
_Chemical dose per bacteria cell is higher in the dilute bacterial
cultures of 'thé::ﬁggicity assay. There are no simple techniqués for
accurately l determining the mumbers of revertants per ‘surviving
Eacteria populat;on in the actual Ames plate (Salmeen and Durisin,
1981;' Green and Mﬁriél, 1376). The problem of toxicit& in aizécterial
assay can only be circumvented by adjusting the mutagen dose to a
range that prodﬁces a linear response below the toxic ranée {Maron and
Ames, 1983). | |

A 'cémparison of Ames/tests of partiqulate extfacts conducted

with and without rat 5-9 AFig. 3) indicates that the ﬁumbers of

revertants were often belog spontaneous levels when no S-9 was added.

This suggests that: (1) 'therel/were low levels of difect-acting
ﬁutagehs in" -effluents, ’gnd (2} toxic éctivity was reduced by the
addition ofs S-9; probably because of adsorption of toxicants to
microsames, - or detoxification'throdah metabolic pathways (Maron et al,

1981). <

N, = :
Strain TAY0 was the most‘éL sensitive to rdversion by

g 5
‘particulate extracts from all three of the refineries. Figure 5

illustrates. the rglative mutagenic activity of refinery samples tested
" - “ .

. .
overaj){e studyf,_geriod using strain TAl00 with-#-9 activation. Data
L .
presented are 11@1225- to the highest concentration within the Tinear

a ¢
.. ) . | v
portion .of dose—respgpse curves ' generated for each.effluent sdmple

.\‘

K3

N



.68 V * ’ ) -

-

"Figure 3: Mean mutagenic response of Ames test strains TA98 andliﬁloo
(with and without $-9) to a particulate extract (soxhlet) of Refinery

1 effluent collected in October, 1981. The mean spontaneous

revertants in the assay is represented by tne line labelled "SRr". .
. , / _
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Figure 4: Mutagenicity of a particulate extract (soxhlét) from

Refingéy 1 (February, 1983) using test strain TA100 with S-9, and

estimaéeé of the number of surviving bacgg%ia in the test plate. N

-

b

[
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“(320 ml eéﬁivalents). ] ) ‘ - <T\‘

'The mutagenic sactivity of particulate extracts frem Refinery 1
declined owver the per iod  between October, 1981 énd Febfhary, 1983
(Fxg. 5). This may reflect the improved effluent quallty (e g. ail

and ggease levels decllned) at this refinery over the sampling perlod
-

Extracts from’ Reflnerles 2 and 3 were sufficiently mutagenlc to y‘eld

[
a doubling over background revertants at the concentrations tested.

L
(Flg 5). In Ames tests of pure campounds, a doubllng of the numbers

of revertants over spontanecus levels and a .dose-response are -

g@onsmered evidence of significant mutagenxcxty (Johnson and Hopke,

1980), Extracts from intake water (ceg;rols collected at all 3

refineries dld not SLinflcantly elevate numbers of revertants above

_spontaneous levels at concentrations used to test effluent sanples.

A mutagenic -soxhlet extract from !‘finery 3 fFebruary, 1983
sample) . significantly 'increased the numbers of SCE's in assays with
5-9 Activation FTable 6. .Incubation of CHO cells_wf;h the extract
and /S-9 mix for 2.5 hr produced the greatest response. In‘centrast,
intake water samples fram Refinery 3 did not elevate SCE frequenc1es

Ta%le 6) Other SCE assays of particulate samples (Reflnery 1- June,
1982; Refineries 1,2; and 3— February, - 1983) did not give a

statistically-significant respdhse in tests with or without S-9.

Sample concentrations greater than 160 ml equivalents per flask

retqrded culture growth, which was an indicator of sample toxicity.

A AN
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Figure . 5: Mutagenicity of partlculate extracts (soxhlet) from

effluents - sampled at three reflner*es (1981-1983), using strain TA100

with -9 at a dose of 320 ml equ1valents per plate. Error bars

-

represent = twice the standard deviation ggbut the mean number of
revergants- per plate (n=3). The mean spontanecus revertants for all

of the assays is reprééen;ed by the line labelled "SR".
SN
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TABLE 6: Rdsults of a sister chromatld exchange assay with microsomal acti-
vation for ;a February, 1983 particulate extracts the final
effluent and intake  water of from Ref inery 3, Extracts waral

“  Incubated with 5-9 jn assay flasks with 25 ml of medium for 1 hr.

H;pr 2.5 hr. Standard deviatlons for mean SCE's (n = 25 meTaphaseﬁ).

_SRP presented In brackéts.

\

SAMPLE ) M;. EQUIV/FLASK  MEAN AND 5.D. OF SCE's PER METAPHASE
SAMPLE _ :
- . ]
1h Incubate 2.5h Incubate
Solvent Control - 4,3(2.2) 4.6(2.0)
~ j RefInery 3 Effluont 1607 - 6.4¢1.8). 10._7(2.01:*_ -
. <Y 80 : 5.7(1.6) 9.1(2.9)
4o 4,8(2.4) 8.8(1,8)
. ~ \
Refinery 3 Intake 160 4.7(2.4) 4.8(1,8)
. 80 4.2(1.9) T 4.6(2.2)
' 40 - C4.801.7) 4.6(2.3)
* Mean SCE's signlflcantly different from cod?rcls: ..Confldence Intarval <.05.
. **Confldenca Interval <.01

£



Mutagen-directed fractionation:

Mutagenic particulate extracts were subfractionated by
acid/base/neutral fractionation, and silica-gel column chromatography .
It was hoped that these procedures would separate toxic from mutagenic

¢ - -
components, and allow partial characterization of thd campounds giving

S
-

a mutagenic response in the Ames assay.

- The acid/base/neutral fractlonatlon of a Refinery 3 sample
\> lndlcated that - mutagenlclty was retained in the neutral fraction

(Figure 6). However, a 51gn1f1cant portion of the mutagenic activity,

L]
*

" as  well as  26% of the residue weight, was lost during the

fractionation process.

Selected soxhlet extracts were subfractionhated by column

chromatdbraphy .on silica gel into 7 subfractions of increasing
i

.polarity. “In a particulate sample from Refinery 3 (February, 1983)

g S—
]

activity ~was detected, in order of increasing mitagenicity, in
L . .
fractions 1, 3,4, 5 and 7 (Fig. 7a). A sample from Refinery 2

(Fgbruary, 1983) showed mutagenic activity in fractions 5 and 7, oﬁly

(Fig. 7b). Dose-response data were generated for all fractions, -but

only mutagenic activity at 320 ml equivélents per plate is presented
89

N
in these Elgures. /

Table 7 lndlcateﬁb that those f%actxons w1th the hlghesgx\\\
W
mutagenic activity also contained the most residue material. Over 90%,

of the material -applied to the téb. of the silica—gel colﬁmn-was
4

v
recovered in the variocus fractions {Table 7). Since the most



,represented by the llne labelled "SR". T
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Figure 6: Mutagen1c1ty of whole particulate extract (soxhlet), and

acid/base/neutral subfractions from a Refinery 3 sample (February,

1983) tested with TA100 and S-9 at a dose of 320 ml equivalents per

plate. Error bars represent twice the standard deviation about the

mean (n=3). The mean spontaneous revertants for the assay Iis-
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Figure 7: Mutagenicity of silica-gel subfractions frofvpérticulabeiir

extracts (soxhlet) of effluents (Febrﬁ@ry,'1983) from Refineries 3 (a)

and 2 (b). Results are shown for test strain TALQQ plated with S-9 at

a dose of 320 ml equivalents per plate. Error bars represent twice
the standard deviation about the mean (n=3). The mean spontanecus

revertants for the assays are represented by the lines labelled "SR".

N . 4
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TABLE 7: Rﬁ:[due woights of sillca gel fractions of effluent extracts from
Refineries 1, 2 and 3. Resldues from Refineries 1 and 2 were sach
separated on 2 columns, and fractlons pooled. Resldue from RefIn-

ery 3 was separated in 3 allquots and pooled.

SAMPLE : ‘ ' " FRACTION RESIDUE WT.

Soxhlet Extracts (Partliculates): M. Percent
a) Reflnery 2 - 2 |itre Extract ‘ 1 Tal 3.0
“ ' , 2 1.9 5.2

3 2,7 7.5

4 5.2 14,3

5 7.4 20.4

6 6.7 18.5

7 17,2 _30.5

Total 36.2°  100.0

b) Reflnery 3 - 2 |ltre Extract ° 1 1.4 1.9
2 1.8 2.5

. 3 12,2 16,9
: 4 7.6 10.5 -

. 5 -~ 14.9 20,7

6 4.5 6.2

K 7 29.7 413

XAD-2 Extracts (Dissoived): Total ;;?Eb 100.0
a) Refinery 1 - 4 litre Extract 1 2.8 5.5
y 2 ' L 2.

3 7.8 15.2

4 9.0 17.5

5 1.6 3.1

’ 6 19.4  37.8

7 8.6 _18.7

Total 51.3°  100.0

a) 91% of amount applled to columns.
b} 96% of amount appiled fo columns.

c) 90% of amount-applied to columns.
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Figure 8: Mutagenicity of silica—gel.. subfractions from the neutral
fraction of a partfculate extract ( soxhlet‘)_prepared from efflueat of
Refinery 3 (February, 1983). F-lesults are shown for test strain TAlOO_-J
plated ' with S-9 at a dose of 320 ml equivalents. Error bars represent
twice the standard deviation about the mean (n;-3). The mean
spontanecus revertants for ehe' assay 'is represented by the line

labelled "SR".

v
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mutagenic fractions were polar, it is possible that scme of this
material waé lost during the liquid/liquid partitioning procedurgs'
used to generate acid/basé(neutral subsamples.” When, a neutral
subfraction of the February, 1983 sample from Refinery 3 was
subfractionated by silica-gel chramatography, the distribution of
muitagenic activity (Fig. '8) was similar to the whole extract (Fig.
7a), but there was reduced mutaéenici?y in polar .fractions.

=

Analytical characterization: ¢

Capillary - column gés chn:natographf {GLC) with £flame
ionization detection was performed on neﬁtral fracticns of selected
' particulate. extracts. és illustrated in Fig. 9, the samples were
| complex, with broad envelopes'éf unresolved canponents and'only a few
major peaks supérimposed on-the eﬁvelope. Differences weré observed
between ‘péfticulate extracts from different refineries. For example,
the neutral fraction of & Refinery 3° particulate -extract, with'
relativel? high mutagenic acﬁiyity (Fig. '6), gave the GLC pattern
illustrated in Fig. 9b. A neutral fraction fran Refinery 1 with
little mutagenic activity (FPebruary, 1983), contained léss'matérial,
with.a'lowef range of mﬁlecular weights (Fig. 9c).

With sdch complex mixtures, however, ip is‘not possible}to
draw any correlations between oc patterms and genétoxic aétivity.
Combined ‘gas chramatography—mass spectrometry ahalyses havél

N \ .
. established same. primary components of .the Refinery 3 sample to be
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Figure 9: a) Gas chixamatogram of standards: n—alkaﬁes (C8 to C40},
naphthalene (1), phenanthrene (2), pyrene (3), chrysene (4);

benzolalpyrene (5), and picene (6). b) Gas chromatogram of

particulate extract (neutral fraction) from Refinery 3 effluent
(February, 1983). Peaks marked "P" have been established by GC-MS to
be di-dlkyl phthalates. ¢) Gas chromatogram of particulate extract

(neutral fraction) from Refinery 1 (February, 1983).

Al
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Figure 10: a) HPLC chromatogram (UV) for a mixture of PAH st::;;}ds;

N

naphthalene (1), acenaphthylene (2), acenaphthene (3), fluorene (4),

phenanthréné (5), anthracene (6), fluoranthene (7), pyrene (8),.

benz [a) anthracene (9}, * chrysene (10), benzo[b]fluoranthene (11},
benzo (k] flucrantherie (12), benzolalpyrene (13), dibenz."[é_,h]ahthr;acéne
(14), beﬁzo[g,h,i]perylene {15), and indeno[l;2,3]pyréne (16). b} and
cy are HPLC chromatograms with w absorption and f£ldorescence
detection, respectively; for silica gel sﬁgfraction 7 of thg

barticulate extract (soxhlet) of Refinery 3 effluent sampled in

February, 1983.
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aliphatics, alkyl-substituted ana?atics, and di-alkyl pﬁthalates.

Gas cﬁrcmatography p;ovgd unsuitable for tbe analeis of the
most  polar silica—gel fractions (Fraction °7) because of poor
separation and elution of coﬁpéhents fram the GLC = colum. This
fraction was of interest because ‘it showed the most mutéggnic agtivity
in samples from Refineries 2 and 3 (Fig. 7). High performance liquid
chromatography (HPLC) analyses show that ,Fhis fractioq generally
contained a complex mixture of. compounds, which may include arcmatic
hydrocarbons. For example, Fraction 7 from a Refinery 3 sample
(February, 19%3), gave chromatograms with largel& unresolved envelopes
with both ultraviolet. (254 rm) absorption and ﬁ;qorescence deteﬁtors

(Fig.10}.

{(b) Dissclved, Non-Volatile Camponents:

Whole extracts:

The XAD-2 extracts of dissolved, non-volatile effluent
components were acutely toxic at doses greater than BQ ml eqﬁivalents
per plate (Fig. 11l). A& comparispn of Ames tests of XAD-2 extracts
with and without S-9 (Fig. 11) indi;aéeé £hét microscmal activation
was required for expression of mutagenic éctivity. Figuré 11 also -
indicates that strain fASS was most sensitive to the mutagenic effects

of XAD-2 extracts.
\
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igure 12 illustrates the -relative mutagenicity of refinery

samples tested over the study period using strain TA98 with microsomal
activation. Mutagenicity is shown at the highest concentration within
the linear portion of dose-response curves (80 ml equzvalents per
plate). The mutagenlc activity of the February, 1982 extract fram
. Refinery 1 approached a doubling over .spontanecus levels, but activity
of XAD-2 extracts was generally low for all refineries. Intake water
' extracts fram all 3 refineries were not mutagenlc at concentratlons
used to test effluents. |
The XAEP2 extracts fram all 3 reflnerles (Refinery 1- June,

1982; Refineries 1 vy and 3- PFebruary, 1983) gave negative responses
in the SCE assay, both with and without 3—9. Concentrations above., 160

‘ ~

ml'equivaients per culture flask were toxic.

D

Mutagen—directed fractionation:

Acid/base/neutral fractionation of a iRefinery 1 sample _
indicated that the neutral'fractien‘yas mutagenic (Fig. 13). However,
as in the fractionation of particulate samples, a .significant
proportlon of the mutagenlc ac1v1ty, as well as 37% of the residue
welght, was lost during fractlonatlon.

When an XAD-2 sample from Refinery 1 (June, 1982) was.

subfractionated by silica—gel column chramatography, mutagenic

activity was confined to the relatively-polar Fraction 6 (Fig. 14}).
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Dose—response data was- generated for all Eractlons, but only the
mutagenlc1ty at 160 ml equivalents per plate is presented in the
figure. A large proportion of the toxic activity of the'sample.was
confined to- Fraction. 1, but this fraction did not contain a large
propostion of the residue weight applied to the column (Table 7}..,The
bulk of the residwe was present in fraction 6. :he loss of mutagenic
activity in the acid/bése/neutfal fractionation scheme may have been
caused by loss of polar material during water/solvent partitioning.

-

X

Analytical characterization:

A neutral fraction from an XBD-2 extract of .ﬁefinery 1
effluent (February, 1983) was analyzed by qgas chrcnatograpﬁ?. The GC
profile was camplex with retentien times of the majority 1of
hydrocarbons falling between C10 and C20 alkanes (Fig. 15);

The presence of hﬁdrocarboﬁs with shorter retention times than those
extracted by soxhlet methods (Fig. 9) may partially reflect a more
efficient retention of low‘_ boiling-point compounds

(200°-250°¢) by'XAsz extraction techniques.
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Figure' 1l: Mean mutagenic response of Ames test strains TA98 and TAL00

{with and without S5~9) to an XAD-2 extract (diséolved, non-volatile

. ) Y
compounds) of Refinery 1 effluent collected in October, 198l. The

‘mean - spontanecus revertants for the assay is represented by the "line

labelled "SR".

[
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Figure 12: Mutagenicity of XAD-2 extracts fram effluents sampled.at
three refineries (1981-1983), using strain TA98 with S-9 at a dose of
80 ml equivalénts per plate. Error bars'represent'twice the standard
. deviation about the mean (n=3). _The‘mean spontaneous revertants for

all of the assays is represented by the line labelled "SR".

A
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Figure 13: Mutagenicity of whole XAD-2 extract, and acid/base/neutral

subfractions from a Refinery 1 sample (Febfuary, 1983) tested with

TA98 and §-9 at a dose of 80 ml eguivalents per plate. Error bars

represent twice the standard deviation about the mean (n=3)}. The mean
. s

- spontaneocus revertants for, the 'assay is represented by the line

labelled "SR". '
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Figufé 14: Mutagenicity of silica—gel subfractions from an XaAD-2
extract of effluent from Refinery 1 (February, 1983). Results are
shown for the test strain 'TAQB‘plated with S-9 at a gose of 160 ml
equivalents per plaﬁé. Error bars represent twice the standard
deviation about the meaﬁ-(n=3), The meanﬁspontaneousrrever;ants for
the assay is represented by the line labelied "SR'.
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Figure 15: a) Gas chromatogram of standards: n-alkanes (C8 to c40),

naphthalene (1), phenanthrene . (2), pyrene (3), chrysene (4),
benzo(a)pyrene (5), and picgﬁe {(6). b) Gas chramatogram of XAD-2
extract (neutral fraction) from Refin?ry 1 (February, 1983).
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(c) Dissolved, Volatile Components:

Although the” mutagenic activity of -volatiie extracts was
minimal, these samples did give a slight dose-response with TAlQ0 in
the modified (sealed piate) Ames protocol (Table 8). Activity was
detected in aquecus phase assays only with S-9 pre-incubation (20
min}. In gaseous phase tests, there was no mutagenic acﬁivity
detected unless $-9 waé'added to bacteria in_the top agar (Table 8).

There was a dose-response at samplé concehﬁratiqns betwéen.4
and 17 ml equivalepts per piate, whilg more conéentfated samples were
_ toxic.‘ Volatile §amples fram -all‘ 5 refineries dia not  show
signiﬁ@cant‘ mutagenic adtiviﬁy (greater than a doubllng above
spontaneous levels) at a- dose of 17 ml equ-valents per plate (Fig.
16). volatile -extracts from: the three refineries (February, 1983)

gave no response in the SCE assay ¢ With or w1thout S-9.

e . ) . e

Iv) Efficiency = of Removal. of GehotoxiC‘uCtnponents by Effluent
Treatment: | .

.

Ames ,assays of samples taken at several points in the effluent

-~

treatment process  at Refinery 1 (Oétésér, 1981) indicate that’
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TABLE 8: Results of Ames assays of volatile samples (February, 1983) tested
using strain TA100, and samples applied In aqueous and gasecus
phases with and without S$-9. SR refers to spontanecus rever-—

tants,
Samp la . ML. Equiv/Plate . Mean Rev./Plata
‘ ) AQUEOUS GASEQUS
With S-9 Without $=9 With 5-9 Wlthout 5~9
Reflnery 1 17 144 36 . . 103 63
: : 8 143 83 33 89
4 130 97 129 109
2 113 90 114 101
0(SR) 97 92 <107 102
Reflpery 2« . 17 140 73 134 77
8 130 101 128 104
4 127 98 16 99
: 2. 109 96 104 " 100
0(SR) 97 92 107 102
‘ o
RefInery 3 17 110 37 160 .39
8 161 82 156 82
4 143 94 141 T97
2 123 92 S 105

O(SR) 97 92 107 e 102
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Figure 16: Mutagenicity of volatih% extracts fram effluents sampled at

three refineries (1982-1983), using strain TA100 with $-9 at a dose of

8 ml equivalents per plate. Error bars .represent twice the standard

deviation about ' the mean {n=3). The mean spontanecus r?vertants'for

all of the assays is represented by the line labelled "SR".
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\dr- veffluents - at all stages of treatment were more mutagenic than.intake
water (Fig. 17). The ﬁutagenicity of 64 ml eguivalent doses of:
éetticulate extracts (soxhlet) declined from 221 revertahts per plate,

‘ Eet telatively untreated "process water", to 144 revertants per plate
for final effluent in the "surge lagoon" (Fig. 17). The mutagenicity
of XAD—2 extracts decflned only marginally over the tégatment process.

Therefore, the effluent treatment process may be more eff1c1ent in

. ! ) \_/
remov1ng;genotox1c agents associated with suspended particulates.

sl

_:}Q:Ccnmtagenicity'Assays: ——

In Ames tests in which non—volatlle extracts were comblned

w1th. -norharmane, there was, no enhancement of - the mutagen1c1ty of XAD—Z

or soxhlet extracts (Table 9). Similarily, there was no enhancement of
‘the mutageﬁicity ef'thesg\fxtracts by the addition of BeP (Table 10)

Velther XAD—2 or - soxhlet extracts acted, themselves, as camatagen o]

-

agents,. since the extracts- decreased, rather than 1ncreased, the ~J

mutagenic?activity of BaP and 2-AAF in the Ames assay" (Table 11).
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iy

Figure 17: Mean mutagenicity of soxhlet and XAD-2 extracts of intake
water, and of samples taken at three points within the effluent

treatment system at "Refinery 1 on October, 1981. Results are s'nown

for test strain TALQO (p#lculates), and ’1}A98 (XAD-2) plated with S-9

at a sample dose of 64 ml equivalents per plate. 'Ihe mean spontaneous -

revertants in the assay is represented by the line labelled "SR“

™

-
"A-x.
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TABLE 9: Comutageniclty assays with norharmane, combined with elther
2-acetylaminof luorene (2 ug), or soxhlet and XAD=2 extracts from

Reflnery 1 (June,
‘using TA98 with S-9,
_Incubation} [n 0,02 mf. of DMSO,

Treatment

a) Control (DMSO): - -

Spont, Revertants

2-AAF (2 -ug)

Soxhlet - 320 m{.
160 mg.
80 mf.

XAD"Z - ‘80 mﬂ.
40 ml.
20 mf.

-

b) Norharmane:
Spont. Revertants
2=AAF {2 ng)

Soxhlet - 320 mfi.
160 mi.
80 mi.

XAD=-2 - 80 mf.
40 mi.
20 mi.

equliv.
equiv,
oquivs

Bquiv.
QSU IV-
oqu v,

aquive.
aqulv,
aquiv.

edulv. -

aquiv,
equiv,

1982).

Samples were tasted In the Ames assay
and 0.45 pmole of

norharmane (no pre-

i

Mean Revartants/Plate

39

266

42

13
66
57

43
462

53
48
41

85
57
49

94
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TABLE 10: Comutagenicity assays with benzolelpyrens (BeP) comEJLn'c‘ad with
alther benzolalpyrene (BaP), or soxhiet and XAD-2 extracts from
Reflner‘;’ 1 (June, 1982)., Samples were tested In tha Ames assay .
using TA100" with 5-9, and 0, 1, 2.5, or 5 pg of BeP. Mean [ /

numbers of spo'n'raneous revertants were 107.

Samp la ' Bef Conc. Mean Revertants/Plate

BaP (5 nq) 0 ug 306 .
' 5 ug 421
Soxhlet (320 mf. equiv.) 0 g 116
1 ug 112
2.5 1g 111
5 g 108
XAD-2 (80 mi. equiv,) 0 ug 119
1 ng 108 ’
2.5 pg 113
5 ug 115



"TABLE 11:

Mutagen

Bap (5 ug)

2-AAF (2u9)

Results. of Ames assays to test for comutagenic activity of

effluent extracts from Refinery 1 (June, 1982) with benzolal-

26

pyrene (5 pg/plate) and 2-acefylamlnoflporena (2 ug/plafe). Al

tests were done using strain TA100 wlth mlcrosomal activation.

The mean number of spontanecus ravertants was 111,
, .
7 ExTract-Dose . Revertants/Plate
(mL. Equlv&/p{afe) with - with
W XAD=-2 "Extract Soxhlet Extract
e 128 . : 121
80 ' - 143 156
a0 123 163
20 - T 177
o 253 : 253
160 " T 86 - 73
80 ' 116 138
o o3 L 132
20 267 194 B
0 362 e

w
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- VI) Chlorinaticn of Effluent Residues:

Chlorination experiments with 2 litre volumes of organic-free
water as diluent were conducted using a June, 1982 final effluent .
sample from Refinery 1. Tests with 20 litre volumes of surface water
(Hamilton Harbour water) contaminated with effluents were conducted
with an August, 1982 effluent"sample from Refinery 1. Table 12
sumarizes the water quality data for these effluent samples. The
volatile and. non-volatile camponents of the effluents showed little
mutagenic activity before chlorihation (Table 13}).

Purge—and—trap p technlques were used to extract volatlle'
components fnan whole effluent samples chlorxnated at 2, 8, and 16
ppml In the modlfled Ames assay (strains TA98 and TAlOO) using
_-gaseous and aqueous phase protocols » with and without 5-9 activation,

these volatile extracts Ealled to give a mutagenlc ;¥gponse.
éimilarily, volatlles .gave no response in SCE assays w1th and without
mlcrosonal actlvatlon |

When control solutions‘ (otganic-free water) were chlorinated

and non-volatile extracts tested in the-Ames assay, there was a sllght
lncrease above spontaneous levels of the mean number of revertants per
“plate (Table 14) The 'XAD~2 resin Used for extractlon contains
naphthalenlc presenvatlves (Junk ‘et al, 1972) whlch may have reacted
- with residual chlorlne. in the water passing through the column

Chlorinated derivatives of these preservatives may have been:
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TABLE 12: wWater quallty parameters for effluent samples collected from-

Reflnary 1 In June and August, 1982, and used in chlorination

sTudies.
Parametar ' - VYalue
June Auqust
pH ) 8.0 7.5
NH}—N {ppm} 17.4 3.9
pheno! (ppb) 32.0 42,0 .
susp. sollids (mg./l.) 34.0 ©29.0 ['
oll and grease (mg./l.) 6.4 4.0 /
-
T
{



TABLE 13: Rasults of Ames Tests with and without microsoma! activation
. (5=9) for exfracts from Raflnery 1 effluent samplas coi lected In

June and August, 1982, and used in chlorinéficn experiments.
Results are presented for fhekdose and the test straln which gave’

the maximum response to the axfracf. Spontaneous feverfanfs are
In brackets.

Revertants/Plate

. With $=9 W1thout 59 .
ML, Equiv.
Extract Strain per Flate June August June Auqust
a) Non—Volatiles: 5
4 Particulatas TA100 320 107¢102)  122¢100)  115(112) 102(115)
~Dlssolved TA98 1 72(46)  50(42)  47(49)  50(46)
. b) VolaTlleS; TAIQ0 - 17 110(99) 143(96) 98(102) 109(106)
L r
, ’ P .



TABLE 14: Revertants per p!éTa for Ames Tesfs'(wifh TA100) of dxtracts from
control solutions (organic~free water} chlorinated for 1 h, at.8 -

ppm chlorine (pH = 6).

Dose/Plata {ni. Equivalents) ‘Revartants/Plate ’ s
With 5-9 Without 5-9
160 138 56
80 118 : .91 .
40 - 108 . ' 12
20 120 119
10 - : 106 " 106
. . . L]
Spontaneous Revertants - - 96 105

~u
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'responsible for_the slight mutagenic activity in the‘controlAsamples.
When ‘contrdl and experimental extracts were analyzed by. gas :
'chrcmatodraphy, there were iarge peaks of unidentified'material,which-
interfered with ,GC analysis 'of’ effluent—derived 'compounds in the -
experimental (effluent) extracts. |

In many water chlorination studies reported in the literature,
sodlum sulfite was added at the end of the contact perlod to termlnate
the chlorination process . (YOUSSGfl et al, 1978;: Oyler et al, 1982).
However, because Cheh et al (1979) Treported that th's procedure
greatly reduced the mutagenic YIEld of chlorlnated samples, this
treatment was ellmlnated in our tests. However, in order ‘to reduce--
toxicity %n the 1n ‘vitro assays, it was necessary to pass the ether
eluent through a bed of - sodium sulfite after elutlon from the XAD-2
column Thls did not appear to reduce the mutagen1cxty of the
samples. Moreover,” when a 15 n& sauple of ether contalnlng 100 ug
each of chloronaphthalene, hexachlorophenol , and tetrachlorobiphenyl
was passed through ‘sodium sulflte, gas chronatographlc analysis
" revealed that the three campounds were' recovered with efflc1enCLes of
72% 87%, and 89%, respectrvely. |
'“i' A. non-volatile . extract prepared' from a .dilute effluent_.
soiution (10%) chlorinatednat 8 ppm was mutagenic in Ames assays ooth
with and without 8—9 activation (Fig.- 18) : Test straln TAl00. was
sens:.t*ve than TA98 to all of the chlorinated extracts tes?

Extracts tested without - 5=9 were toxic at higher concentrations, but

- were mutagenic at very low doses (Fig. 18).  The different
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Figure 18: ° Mean mutagénicity of 'extracts from a chloripated (8 ppm
chiorine‘_for 1 hr at pH 6.0) solution of 10% effluépt tested using
. strain “TA100 with and without 5-9. The mean spontanecus revertants for

the éésay‘is‘represented by tne line labelled "SR".
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TABLE 15: Mean SCE's lnduced by extracts from a 10%  effiuent solution

.

{organic-free water as dilluent) chlorinated at 8 ppm for | hr.

{pH = B). Assays werae run with and without microsomal activatien

(5-9). Extracts were incubated with 5-9 in assay flasks with 25 mi

of medium for | hr, or 2,5 hr. Standard deviations for The mean

SCE's (n = 25) metaphases) ara presented In brackets,

Mean SCE's par Metaphase

M2, Equiv.
Sample . per Flask Without 59 With -9 (Ihr) With -9 (2.5hr)
Solvent Control - 4.7 (2.0) 4.9 (1.8) 5.2 (2.0)
108 Effluent Sol'n 320 Toxic 5.7°(1.8) Toxic
160 11.6 (2.8}  -4.6 (2.0) 4.9 (3.1)
80 8.3 (2,00 427 (2.3) 5.3 (2.2)
T a0 6.9 2.0 sz {1.6) 5.0 (1.7
Control Solta 320 4.9 (2.2) - 4.8 (1.7)
' 160 4.6 {2.3) - 4.7 (2.0)
80 T 4.67(1.9) - 5.0 '(2.3)
40 4.8 (2.7) - 4.8 (1.6) -

N ]

*Mean SCE's signiflicantly different from

controls (t . ).

.05
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dose‘response curves for tests with and W1thout S5-9 may represent the
mutagenlc actlv1ty of two dlfferent agents; one dlrect—actlng, and the
'L other requlrlng metabollc actlvatlon. The non—volatlle extracts also
7h;gaVe a posxtlve response in- the SCE assay, only w1thout 5-9 activation
'_(Table 15) _ ‘

When the chlorlnated 10% effluent extract was subfractlonated

by szllca—gel column chramatography,l mutagen1c1ty in the Ames assay
wrthout S~9 actlvatlon was’ conflned to. fractlons 3 and 5 (Fig. 19a).
In *tes - with S 9, activity was lower, but mutagen1c1ty was detected
~in fractlons 5 and 7 (Flg 19b) The " two patterns of mutagenic
'factivity 1n tests with and w1thout S 9 suggest that two different
classes of genotox c agents are present in the chlorlnated sample.
The chlorlnated solutlons contalnlng dilute effluents (2 5% to
20%), las well as undlluted effluent, were mutagenic w1thout 5-9
activation at doses as low as 20 ml equ1valents per plate (Fig. 20).
Llnear - dose-response curves were generated for all of these
ohlorination tests, but only the futagenicity at the highest dose is
,_:shownl Since the anount  of total and free chlorine present in the
solutlons after chlorlnatlon is 1nversely proggrtlonal to the amount
of effluent (Table 16), 1t appears to be thejreactlon of chlorine with
effluent Whlch governs the mutagenic yield of the sample,
s . Tests were made to determine the effect of various
chlorlnatlon COﬂdlthRS upon the mutagenlc activity of nOn—volatlle
extracts. The mutagen1c1ty of a 10% effluent solutlon increased w1th'

L]

the chlorlne concentratlon over a range of 2 to 8 ppm chlorine (Fig.

/N

-

b
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Figure 19: Mutagenicity (TA100) éf silica—gel subfractions fram
extracts of chlorinated (8 ppm) 10% effluent. Figure (a) illustrates
results of Ames tests without S-9 at a dose of 160 ml equivalents per
plate, and figure (b¥ shows results with S-9 at a dose of 320 mi

ivalents per plate. Error bars represent twicé the stanéard
deviation , about the mean (n=3). The mean spontaneocus revertants for
the assays is represented by'the line 1abelled-“SR§.
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Figure 20: Mutagenicity ‘{TA].OO without 5-9) of extracts from whole
éffluents, and diluted éffluents (2.5 — 20%) chlorinated at 8 ppm, and
plated at a dose of 20 ml equivalents per plate. ' Error bars fepresent
_twice the standaéd deviation about the mean (n=3‘). The mean
spontanecus reveftants for the bassay‘_ is represented by the line

labelled "SR", . i
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TABLE 16: Total and free chlorine concentrations after 1 hr., chlorination

at 8ppm {pH = 6,0) of so!uﬂons containing 2. 5! fo 20% ref inery

effluent In organic-free wafer.

Treatmant i Fl-nal Chlorine Conc. (ppm)

JTotal Free
20% EFffluent 1.9 0.4
10$ Effluent , 2.5 0.7 .
5¢ Effluent 2.8 0.9
" 2.5% Effluent’ . 3.0 1.5° -
Control : 5.8 o 3,27

-
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2la). The mitagenicity of chlorinated. effluent solutions also

lncreased with contact time (Fig. 21b), with the greatest increment in -

mitagenic activity occurring. in the first hour of -contact with
chlorine. There was little difference between the mutagenic activlty
of sclutions chlorinated at PH 6 and pH 4, but mutagen1c1ty was
reduced in t;;ts at-pH 8 (Table 17). | .

Whlle effluents diluted with organlc—free water were mutagenlc

when chlorlnated lt was not - clear whether effluents diluted with

surface water would give similar results. Results are sumarized in

Table 18 for a group of tests in which effluents were dlluted with'

- surface J,water (20 lltIES) taken from an embayment of Lake Ontarlo

{E?Fllton‘ Harbour) whxch receives industrial and domestic wastewater-
discharges: : o : _ - A
| Following ‘chlorlnatlon at 8 ppm, the nutagenicity of 2 5%
effluent in. surface - water was‘ greater than the mutagenlcmty of a
sample contalnlng surface ‘water, ‘alone (Table’ 18) Extract prepared
from 2 5% effluent ir® 20 lltres of organ1c~free water was sllghtly
more mutagenlc (Table 18); probably because of the absence of organic :
contamlnants whlch competlt_vely react w1th the chlorlne (e. g humic
acxds) The XAD—2 extractlon protocol in Wthh 2 lltre volumes of :
sample were passed through the column recovered most compounds w1th >
iﬁO% eff1c1ency (Fig.2), but the recoverw efficiency using-20 litre
samples was not determined. While the recovery of mutagens in'tests.

using 20 litre solutions may not be quantltatlvely accurate,'

comparisons between treathents are valld
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Figure 21: Mutagenicity (TAl00 without S-9) of. extracts (20 ml

equivalents per plggg).EEEENXO% efflueqt chlorinatéd at: a) 2,4, and 8

-

.prm chlorine ' concentrations; b)' 8 ppm chlorine concentration for a 1,

2, or 4 hr contact time. Error bars represent twice the standard

deviation about the mean (n=3)., The mean spontaneous revertants for

the assay is represented by the line‘iabelled "SR".
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TABLE 17: Ravartants par. plate for Ames tasts (TAI00) without S-9, of
- extracts from a 10f effluent solutlon chlorinated for | h, at 8§
! ppm chlorine aﬁd af.pH 4, 6 ahd 8. The mean numbar of spontan-

ecus revertants was 102,

Revertants per Plata

_ © 10 % Etfluent Control
Dose per Plate (M{. Equivaleﬁfs) "pH 4 " pH & pH 8 pH &
. :

80 146 173 26 91

. 40 ' ' : 232 223 162 !;12

. R = : 196 244 145 119
10 - : 190 153 108 106

s - 22 17 106 108



Subfractionation of the extracts £rom " these surface water
i ‘

. tests indicate that mutagenicity is confined to fractions 3 and 5 in

tests without S-9 (Fig. 22). These are.the same fractions which

-~ yielded activity in extracts from 2 litre chlorinated solutions (Fig.

19). Chlorinated surface water alone eontaihed same ‘mutagenic
activity in Fraction 3, as well (Fig. 22).

Naturally;occurrlng ongahlc compounds such as humic, tannic,
and fulvic acids have' been shown to contrlbute to the formatlon of
non-volatile genotoxic ccntiunds after . chlorination (Fallon and
Fliermans, 1980; Watts et al, 1982).. The relative mutagenic potential

of refinery . effluents, tannic acids; and humic acids were determined

by chlorinating samples of organic-free water-,spiked with"these

substances at concentratlons of 4 mg/litre organic carbon. The
extracts of chlorlnated solutlons ‘were toxic ‘in the Ames tests at
doses greater ‘than 40 ml equlvalents-per plate, but at a dose of 20 ml

equlvalents 1t is obvious that .the  relative mutagen1c1ty of the

chlorinated effluent solutlon was greater than solutions contalnlng

chlorinated humic and tannic acids (Table 19).



TABLE 18: _Revartants per plate for Ames tests (TA100), wlthout 5-9, of
exfracfé from a 2,5% effluaﬁf solutions In 20 I, of surface water
or organlc-free water, and chlorinated for 1 h, at 8 ppm (pH =
6.0). Sample dose per plate was 400 m| equivalents, and The maan -
number of spontanecus revertants was 96.

Treatment . Revertants per Plate
Organic-free water ] 82 . v
DR *
Organic-free water plus offluent 227
Surtface water ‘ «! 97
' #*
Surface water plus effluent 191

*
Sfafisflcally signiflcant dlfferences (t 5) between mean reverranfs per

plate In tasts with and without effluents (n = 3 per Traafnanf).
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Figure 22: Mean mutagenicity (TAlOO. without $-9) of silica—gel
subfractions (20 ml- equivalents per plate) --from extracts of
chlorinated (8 pmm) -surface ‘wate_.r._' (Hamilton Harbor water), and
' -c:nlorinated" surface watef plus 2.5% effluent. The mean spontaneocus

revertants for the assay is represented by the line labe_;rIed "SR",
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TABLE 19: Mutagenicity of control solution’ (oréanlc—-free water}, and ¥
. dlluted refinery effluents, tannic acid, and humic acid (4 mg./1.
organlc carbon) chlorinated at 8 ppm for 1 hr. (pH = 6,0). The
mean number of spontanecus revertants for straln TAIQ0. {without
S~9) was 104, _ ‘ e _
Revertants/Plate =~ . .
Dose per Plate (M. Equivalents Effluant Tannlc Acid' Humic Acid Control

7 160 ° Toxle 66 102 - 56
N 80 61 147 146 91
S 40 185 . 155 T2 o112
20 244 148 145 - 119 .
10 153 100 140 106 .
Ss 126 98 111 108
: o
* L
¥, ~

-

£
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DISCUSSION

I) Effluent Genotoxicity:

(a)Particulate component:

Significant mutagenic -ééﬁivity- was found in the particulate
& .
fraction of effluents from 2 of the 3 reflnerles tested. The mean

-mutagen*c\_g¢t1v~ty of extract residues, calculated on a revertants per

mg bz?zé (657101 revertants per mg; Table 20), is. much lower than the

activities reported in the literature for .several other complex
] -

mixtures. For example, neutral tar extracts. from shale oil, and coal -

distillates induced 50-5000 revertants per.mg, and 8500 reverténts per
ng, respectively, with TA98 (Pelroy et:al, 1981). Kier et al .(1974)
foundr that cigarette iﬁfke condensate Lnduced 1240 revertants per mg
with ‘strain TA98. We {extracted mutagens from two drlnklng water

- samples (200 litres) which gave a response w;;h TASB of I'l6 and 172

revertants per mg of residue (Table '21)._ brinking'water samples

P : _
required_ no 5-% activation, as camwared with refinery extracts.
Mutagens present in most drinking' water extracts are direct;acting
(Nestmann et al, 1979; Zoeteman et al, 1982; Kool et¥al, 1982).

When a Refinery 3 particulate sample was tested in the SCE
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A

assay with microsamal activation (Table 6?7'3 mg of residue per ml of
! _— .
medium increased the mean SCE's per metaphase to 10.7 from a control

value of 4.6. Raat (1979) reported that exposure of CHO cells to 0.3
. -~ . ' - E

mg/ml of cigarette smoke condensate (Qithout microscmal activation)

increased mean SCE's to 22 from a control value of 12. Latt et al’

(1981) suggested that compounds effective at inducing SCE'S should

produce a three-point ' dose-response curve, with' t-test confidence

intervals <0.001 for at least one dose. Since the induction of 10.7 -

- SCE's per metaphase using 160 ml equivalents of Refinery 3 soxhlet

extract was 51gn1f1cant within confidence intervals of 0. 001<P<0 01

(Table 6), this sample borders on belng an "effective" clastogenlc

agent.///’*d

A

T

first giance, the lqgﬁielative mitagenic activity of the
~s e

extract resydues from refinery effluent partlculates would indicate

that - the dlscharge \ of -mutagens in refinery effluents is minimal.

However, the amount ‘of mutagenic material released in particulates -

;frdn a refinery may total tonnes per dayf(Table/;O). To illustrate

- the/ cumilative hazard of these discharges, if BaP gives a response of

5 -revertahtsZﬁg in the Ames test with TAlOO and S-9 (Table 4), 1 mg
| }

of 'particulate extract from Refinery = 3 contains the mutagenic

equivalent of 1.9+ pg of BaP. If the dally discharge of particulate

extract residues was converted to BaP equzvalents, it would amount to

. approximately 1.9 Kg of BaP released per day. It is possible that

vq,

long-term accumulation of gehotoxic"compoundsu from refineries may.

represent a hazard to sources, of drinking water. The magnitude of

Vs
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TABLE 20: Mean and-range of mutagenic activity (revertants per mg) of resl|-
dues extracted from refinery affluents, and estimates of the rate
of discharge of Thls_maferTgl trom the reflnéarles. Mutageniclty
Is calculated after subtraction of spontanecus revertant va lues,

s " Soxhlet residues wers tested with TAIQ0 (with 5~9) at a dose per
plate of 320 m! equivalents par plate, and XAD-2 residues wers
tested with TA98 (with 5-9) at 80 m{. sequivalents per plate.

Refinery No. Samples Residue Mutagenicity Resldue Per Res [ due
= Lltre Dlscharged
(Revert./mg) {mg) (kg/day)

“ 1} Soxhiet Extracts:

1 -5 64(52-73) 25¢17-37) 100”
: 123 24 290°
3 2 101(97-105) 40(36-43) 960°

1 5 47(4-72) 24(12-29) 95°
2 o 0 o5 180°
2 . | 36(3438) 18¢15-21) 430°

. _ 6
©a) Effluent discharge from refinery 1 averages 4 x 10 f/day
‘ 6
b} Effluent discharge from refinery 2 avarages 12 x 10 g/day oot
. 6 .
c) Effluent discharge from raflnery 3 averages 24 x 10 /day
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TABLE 21: Mutagenicity of iwo drinkling water samples extracted from 200 f.
of Hamilton, Ontario tap-water by the XAD-2 extraction method of

Nestmann et al, (1979). SR rafers to spontanecus revertants.

]

e

DGsa/Plate Meln Revertants/Plate
{mg) ' TA98 _TA100
it ' _ f
With 5-9  Without $-9 With S-9°  Without $-9
a) Sampl'e l:
1.0 26° 154 127 213
0.5 50 85 110 178
0.25 .. a7 51 . 15 143
0.12 40 48 102 127
0 (SR) B 38 : 94 99

b) Sample 113

1.0 56 215 113 197
0.5 - 67 173 102 176
0.25 a0 52 105 138
0,12 43 ' 55 : 99 126

0 (SR) 41 < 43 102, 104

0
& T
i ' Q
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this hazard would depend upon parameters affecting the fate of
particulates and associated genotoxic compounds. Rates of deposition
of pafticulates, rates of desorption of organies from.particulates,
and rates of microbial and chemical degradatigg/df‘genotoxic agents
are all important factors. |

When - particulates were removed from effluent samples by
centrifugation, over 95% of the total suspended.solids, and oil and -
grease werehremoved fram the effluent. Therefore, it is probable that
the ‘material classified as partieulaees in thie study consists of
immiscible oil and greese, and irorganic and organic suspendea'
mate¥ial. Figure 23 1ndlcates that the mutagenlc act1v1ty of extracts
prepared fram these partlculate ccmponents is posxtlvely assoc1ated
with the levels of oil and grease in the sample Cr=0.65). No
correlation was found between mutagenicity and other eff}uent‘qda;ity
paraqeters tested (ammonia, phenol, suspehded solids). ( _

" Subfractionation facilitated the identification of saﬁegof the
chemical characterlstlcs of the genotoxlc agents present in the'
particulate camponent of the effluents. These epn@punds were in.phe

neutral, and ' polar fractions of the extracts. They were not

direct-acting ,mutagens, and .the sensitivity of TAl00 to the extracts

suggests that they act through base—palr substltutlon mechan‘sms pf
mutagene51s. An extract fram Reflnery 3 induced’ .SCE s with $-9
activation. -

Gas chramatographic ahaljses have shown that neutral fractions

of effluent extracts contain complex mixtures of ‘hydrocarbons,

‘



"N\

ithe three refineries {1981-1983)",

[

S ‘ , . .
Figure 23: Relationship between mutagenicity of particulate extracts

(soxhlet) .at g dose of 320 ml equivalents pef,plate (TA100 with S-9)
and the concentration. of o0il and grease extracted frdn-effigéggg of

1
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including -aliphatic and aramatic compounds. Di-alkyl phthalates are a
-major component of a mutagenic effluent sample from Refinery 3. These
ccm@ounds are cammonly found in ppb gquantities NEE'SFfluents from
conventional refiﬁeries {PACE, 1981) and tar-sangs facilities (Hrﬁdey
et ‘al, 1976}.  Although diffefences in pafterns were observed, it is
nét possible to: correlate these with.genotoxib‘activity. ' The majority
of mutadenic activity in extracts from Refineries 2 and 3 was present
in the most polar silica .éel Eractioﬁ (Fraction 7). HPLC analyses
showed thi?‘ thesqb fractions con;aihed_ camplex mixtures of arcmatic
hydrocarbons.” Characterization of components for eventual correlation
with genotoxic activity would require further fréctioﬁation‘ and

genotoxicity testing.

(b)Dissolved Camponents

The non-volatile ‘ comonents dissolved in refinery effluents
QXAb—Z extracts) sthed iittle genotoxic activity; Most extracts did
elicit a dose-respénse.in the Ames assay, but the number of revertants -
was never double the spontaneous levels. .The mutagenicities of these
XAD-2X ext§acts gre s;nila:_to the values reported by Camoner (1977)
for refinery, steel-mill, and. industrial:’waste—water effluents
discﬁarging into the ’Houston shipl channel (Table 22). The .
mutagenicity of the non-volatile, dissolved components is low in terms
of revertants per mg of extracﬁ residue (Table 20} . Howevef, the large

' 3



« TABLE 22: Conparlson of,  the nu?agenlcify of effluents from Industries
' discharging Into the Houston ship ¢hannel (from Commdﬁer; 1977)'
'. and the range of mutagenicities of XAD-2 extracts {(nen-volatile,
dissolved componenTs)ifrom refinery effluents, Mean.sponfaneous

revertants aro presented In brackets.

SOURCE ‘ MZ. Equlv./Plate Revertants/Plate

HOUSTON: > . . ' -
Pulp M1 o 36(31) .
Steal MII| ) 62,5 64(42)

Ol Reflinery RV " 86{26) .
Industrial Waste Plant-A 125 . 58(36} ' -
‘ -8 125 182(31).
ONTARIO:®
Reflnery 1 : 80 42~-82(42) "
Refinery 2 ] 80 39(42)
Reflnery 3 = 80 48-55(42)
a) Test strain TAI538, with §-9 ‘ )

b} Test strain TA98, with 5-9.
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amounts of this material discharged from each refinery may represent a
cumulative environmental hazard. ﬁone "Of the XAD-2 extracts showed
induction of SCE's in tests with or without S-9 activation.
Non-volatile, dissolved mtagens consisted —of neutral,
relatively polar fractions of the extract (Fraction 6). Test strain
TA98 (sensitive to frame-shift muitagens) was most sensitive to these
extracté,‘but S-9 activation was required for mutagenic activitf.‘

Volatile components dissolved in refinery effluents showed a
slight dose-response in the Ames tests, but activity was always less
than a doubling over -spontaneous revefzénts. The- toxicity of the
samples at low concentrations conféunded_genotoxicity testing of the
volatile components. It 1is interesting that volatile extracts
lfequifed $-9 activation for;;?xpression of the slight mutagenic
activity in the modified Améf'i_say. Volatile alkyl halides give a
positive response in the Ames aégevaithout S-9 activation {Simmon,

;
%3

1980). However, a volatile .chloroallyl * ether compound
[3-(2-chlorocethoxy)-1, 2-dichloropropene] isolated from organic residue
of drinking water requires S-9 activation for expression of nmuitagenic
activity (Distlerath et al, 1984). Perhaps a similar class of

compounds is present in low concentrations in volatile effluent

samples.
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{(c} General discussion of effluent genotoxicity:

.The genotoxic activity of dissolved components of refinery
effluents are low, but some extractg from particulate compenente
showed significant mitagenic (Ames test) and clastogenic (éCE)
actigity. fhe mutagenicity of particulates is not high when expressed
on the basis of revertants per.mg of extracted residue; However, the

| large amounts of this matepial released frcm.refineries on a daily
basis may represent a cumilative rlsk to the envxronment. Ihe
mitagenic act1v1ty of part‘culate extracts was greatly reduced by
effluent treatment processes at Reflnery 1, but dlssolved components |
appeared to be. less efficiently removed The discharge of nmutagenic
particulate components in the other two refineries could probably be
decreased ‘by more efficient,effluent treatment procedures.

Like the majority of North American refinery faeilities, the
ref ineries sampied in this study use "low—-cracking" ﬂtemperatures
(500°C)  to produce gasoline and other fuel products:
"High—c;acking", petrocchemical, and lube-oil repquéssmng reflnerles,
as’ well as upgrading operatlons for heavy oils, and synthetlc ¢crudes

iyere faCLllgles with grea;er potential for the =Eormation of
-'carcinogehic pyrolysis products. FUture studies ofnrefinery effluents
shoulﬁfi;;clude genotoxicity testlng of samples fram these’ types of

facilities.

The polar nature of the mutagenic subfractions from soxhlet



and XAD-2 extracts indicates that previous gtudies of the genotoxic‘
potential of refinery éffluents (Andelmah and Suess, 1970; Ershova,

1967) may have been too seléctive in limiting ‘analysis to .PAH
compounds.  Studies of the mutegéniciiy of.vafious synthetic Euelé
have indicated that Ames-positive mitagens are also concentrated in .

pola{ fractions (Pelroy et al, 1981). Analytical characterization of.
comounds present in refinery effluenté should concentrate on’ the more

polar fractions in extracts.

IT) Chlorination of Effluents:

Chlorlnatlon of water conta*nlng varlous concentrations of
refinery effluent 1ncreaseq,the muitagenic activity of the sample. The
mutagenicity of chlorinatea solutions  increased’ with effluent
concentration, contact time wfih chlorine, and chlorine concentration.
Since md\f surface waters are disinfected with chlorine doses greater -
than 6 ppm (Cantor, 1982), the chlorine concentratlons used in these
-testé (2-8 Lpgn) represent the lower ‘range of concentratlons used in

drlnklng water treatment. .
~A . .
Chlorination at pH 4 and pH 6 produced high mutagenic
activity, but mutagenicity was reduced in tests at pH 8. i

Substitution, oxidation, and aminatioen reactions during - aquecus
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chlorination are highly pH dependent (Pierce, 1978). Oyler et al

(1982) found that aqueous chlorination of PAH's at pH'>6 resulted in

. the "production of oxygenated compounds, whereas reactions at pH <6

yielded oxygenated (quinones) and chlorinated compounds.
The differences in. the dose-response curves for chlorinated
. - .
extracts tested in the Ames assay with and without S-9 (Fig. 18)

indicate that there may be two groups of mutagens {(one direct-acting,

and one . requiring metabolic activation) in chlorinated samples.- This.

is further’ supported by the the mutagenicity of subfractions 3 and 5

in Ames tests without S-9, and subfractions 5 and 7 in tests,with s-9

(Fig. 19). SCE induction only occurred in assays without S-9
‘activation. The clastogenic activity of the direct—acting agent must

have ' been deStroyed by metabolic activity (De Flora, 1978), or byzi

>

adsorption onto 5-9 proteins.

Although ~ chemijcal fractionation of chlorinated effluent'

extracts identified three fractions w1th genotoxic activity, the

identities of the active campounds are unknown. Many non-volatile .

campounds identified in refinery effluente which are not considered

genotoxic  {eg. naphthalene, anthracene,‘ phenol), may react with
|

chlorine to form ccn@ounds Wlth carCincgenic potentrii, It is known

that aromatic hydrocarbons readily undergo substitution reactions

- during aqueous chlorimtion (Gaffney, 1977; Snider and Alley, 1979)

3

volatile extracts fran ‘chlorinated effluent samples were not

mutagenic in the ncdified Ames assay, and gave no response in the SCE B



assay:'- éowever,' even with the modified teet protocols which take
account - of sample volatility, the Ames assay is insensitive to many of
the carcinogenic alkyl halides: broduced by chlorination'reactions'
Ee.é. chloroform). In our wmodified ) Ames procedure, carbon
tetrachloride,' chloroform, and 1,2 dichlorcethane were not mutagenic,
. but these conpeﬁﬁgs are all carcinogenic in rodent bioassays (Page and
_séff_iotti, 1976). To date, alkyl halides and mahyother classes of
volatile conpehnds have not been tested by in vitro SCE assays
{Latt et al, 1981)."Therefore,-negative results for volatile extracts-
may be due to the lnsenSLtlvrty of the assay systems to the classes of
compounds produced by chlorlnatlon.

' Without studles utlllzlng' pilot-scale waste treatment systems
(i e. charcoal and sand flltratlon, coagulation, flocculation, etc.),
it is dlfflcult to assess the biolegical implications of the formation
of genotoxic, non—volatile compounds during chlorination of refinery
' efrlueht'ﬂresidues. Contamlnants orlglnat‘ng fram an oil refrnery may:‘
be ellmlnated by water treatment systems before the application of

chlorlne& The contrlbutlon of naturally—occurrlng contamlnants of

drlnkxng water -(humlc acids, tanhle acids, fulvzc acids) to the yléléf

-
4=

of ugenotoxic "compounde | following ichlorination may. exceed the

contribution of effluents. )
\\ . ) . . . ‘
Reflnery effluents may come  into contact with chlorine by

} other mechanrsms Effluents at some refineries are _not, treated

on—sxte, but are dlscharged 1nto munici 5\‘sewage treatment facilities ,f

-. (Glaze and Henderson,-lQ?S). Also, municipally-treated drinking water

).
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supplies may be Used as cooling and process water in same refineries
(Cote', 1976). In both of these instances, there is potential for the

formation of genotoxic 'compounds by the reaction of effluents with

—

chlorine.
¥

Y, o . o

— : o . )
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PART-3: DEVELOPMENT OF A TROUT EMBRYO INJECTION CARCINOGENESIS ASSAY

. = l
AND CARCINOGENIC ACTIVITY OF PETROLEUM REFINERY EFFLUENTS

‘»

PURPCSE

» The purpose .of' this sgection. of tile :study‘( was to evaluate the
‘carcinogeni.c activity of pe'trole.wn refinery effluents using in vivo
- bioassa&sl. Rodents were ruled out ‘és test organisms because of the
compiéﬁty and = high cost of in -vivo rodent assays.r A

hat] a '

carcinogenesis. biocassay using f£ish a# a test organism was developed in

which ng quantities of compound or extract were microinjected into

rainbow trout embryos. The utility of fish as an in vivo

carcinogenesis test r-arganism deperds upon the similarities in response
of fish and mammals to carcinogen exposure; in particular, the enéyme
activation potential of fish.vs. rodents. As an approach to Ehis
problem, \w;e' act.ivaltedl test compounds exogenously by ére—incubation
with rat-liver .rﬁicr;osofrml breparations' - (5-9). The embryo

microinjection assay was used to test the carcinogenic activity of
: 2

-

. | | 129
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scme  of the. refinery effluent extracts previously- tested for
genotoxicity in the in v_ltE_ sect-ion of this study (Part 2).

This portion of_ t_‘;he study is divided into three general areas:
a) Development and eyalua£ion of the trout embryo microinjection assay
as an in  vivo carcincgenesis test.‘ ﬁe assay was evei_luated by
exposing embryos‘ ‘to three known carcincgens (aflatoxin Bl’
_2—anthramine-, ' 7 12-dunethylbenzanthracene) This section also
1ncludes a’ descrlptlon of tne crlterla used to cla551fy necplasms -
mduced by test carcmogens. '
b) Statlstlcal evaluata.on of‘ the necropsy and nlstologﬂcal survey}
methods used to determ‘ ne tne 1n01dence of neoplasms in trout.
c) Evaluatlon of tne carcmogenlmty of petroleum refinery effluents
in the embryo mlcromject on assay This section also 1no§,ud€s-/' tests
to - determine whether efflgentf -extracts act synergidtically with

11

aflatoxinlBl and N-met'nyl-—N'—‘rfxitro—'Nf-nitrosoguanidine (MNNG) .

- MATERTALS AND METHODS

1) Injection Procedures and Pathology:

\
"

Rainbow trout { Salmo gairdneri ) of the Kamloops strain were

obtained fr?m a comercial supplier at the "eyed" stage of dévelopment
. P

-
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‘(eye pigments Qieiblei. " The embryos were i;;:bated without
antibiotic treatment, for 20 days in 10° CL well water before
transfer to the laboratory. Embryos were. td%n held in 6 °c water

to slow devé!&gment over the week-long 1n3ectlon pericd.

- _ e Embryos were injected w&th solutlons using graduated (5 x 1
ul) glass capillary micropipettes (Drummond Scientific Co.) witn the
tips drawn out over flame ‘to a diameter of approxhnately 150 um.
Needles were preloaded with injection solution by plaoing the needle
in an aspirator tube (Drummond Scientific) attached to a 1 ml syinge..
Solution was drawn up "into ‘the needle by suctlon.produced by the
syringe. For embryo injections, loaded ﬁeedles were inserted into an
‘aspirator tube fitted into a Pryor wormdrive micromanipulator (Fig.
1). Solutions were injected “into the embryo by panctur*ng the
chorion, and forcing a 0.5 ul allquot into the per1v1te111ne space of -
the embryo w1th pressure fran a 1 ml syrlnge. A total of 10 embryos
were treat Wlth each loaded needle. Embryos were placed on diagened
fllter paper - in a sealed container for 2 hr at 12°C to facilitate e

absorption of the test chemical prlor “to being returned to 12 °c

_wa 5¥. A total of 200 embryos were injected per treatment. - ™
7 After ‘anectlon, the embryos were raised in 12°C

dechlorinated municioal ﬁater-”through natching, "swim-up" (start of
exogenous  feeding after yolk absorptlon), and tH/—_ralsed for one or
two years. in 100 gal ' circular tanks at ambient water temperatures '
(8°-17%). Ihe trout were fed ad libitum ccmnercxal trout

_dlets (Wartln Feed Mllls, Ontarlo)

Y
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4 i , .
tFigure 1: Diagram of the apparatus used in embryo injection assays,

and a magnified trout ‘embryo showing the position of the needle at

% .
injection.
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F
‘At the end.of one year, trout were killed with an overdose of

the anaesthetic, ethyl m-aminobenzoate (MS-222)3 The external surface

-~

" of the fish, and the liver, spleen, kidney, and gastric caeca were

examined. " for grossly visible neoplasms. In all treatments, the livers™”

were dissected into 4 or 5 pieces, and fixed in Bouin's fixative and

embedded in paraffin. The spleen, anterlor, mid and posterior

kidney, and tne gastrlc caeca from. fi sh exposed to refinery effluent

extracts were also prepared Eor hlstologlcal examination.

In a hlstologlcal survey of liver tlssues, two sections (10 um

eaeh) were taken from the proximal Eace of each block and stained witn

haemotoxylin - and eosin (H&E) for microscopic examination. The
Fe . . . :

efficiency "~ of the visual and histol&jical survey ‘methods for

determining \tZ:qurequency of hepatic neoplasms was evaluated by

intensively

ining liver tissues from one treatment. The llver

. a ‘ . .
tissues were- sectioned - at 250 um intervals  ("step" sectioned)

throughout 'the paraffin block (10-15 sections per block) and examined

after H&E,staining. ST _ ).

II) Statistical Analy515° _ £ - . : _77 ‘

Comparlsons of tne frequency of - nepatlc lesxons in trout

treated Wlth dlfferent 1n3ect10n solutions were analyzed as outllned

by Armlzaggf’TlQTI), using Cﬁfrsquare contfﬁgency analy51s w1tn a

continuity egrrectlon. Comparisons were made between the 1nc1dence of

-

neoplasmsxﬂén_ fish ‘injected with carcinogens and control solutions,

between Eish'injected with carcinogens incubated with and Qithout 5-9,
k ' ) ' '
7

;q™

S
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and between fish exposed to aflatoxin with and without refinery

\/-/"

‘j

effluent extracts.ll

IIT) Chemicals, Extracts, and Solutions:

Aflatoxin By 2-ahthramine _(2—aminoanthfacene), and
7}12—dimetﬁf¥— benzanthracener were ‘purchased from Ultra Scientific
Ltd. R. Gupta, McMasier_.University, supplied the MNNG. The
anaesthetic, MS-222 was purchased from Sigma Chemlcal Co. (st. Louis,
Mo.). Radlolabelled [ H]-benzo[a]pyrene was purcnased from New

England Nuclear Ltd. Ehesphate buffered saline. (PBS) was brepared
| without calcium or- magnesium (0.14 M NaCl, 8mM Na,HPO

255
TH.O, 1. 5 MM KH,PO,, 2.7 mM KC1), Rat'-].iver microsames

2 ” 2
(s-9), and mlcrosome—cofactor mix (S-9 mlx) were prepared accordlng to .
the methods reported by Ames et al (1975) and described in detall in
Part 2 for the Salmonella_—mmnnallan microscme mutagenicity assay.
Refinery extracts were prepared fron two effluent samples
'collected at Refinery l in October, 1981, and June, 198%: Ihese

samples were tested for carcinogenicity, in two separate in wvivo

assays c‘ried out during 1981-82, and 1982-83, respectivelyh.
Effluents had passed through the full effluent tfeatment proeess, and
were collected at the outlet to the refinery nold;;g pond, just before
the point of dlSChaij(lntO Lake Ontakio. The partlculate componentS““~

of the extracts were xtracted into methanol by tne soxhlet extractlon

tecnnlques descrlbed in Part_z. “The non-volatile components dissolved
-& ' .

}

PN g

.
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in the eEfluents— were extracted by XAD-2 resin and diethyl ether
elution according to the methods described in Part 2. All extracts
were eQapOrated to dryness asﬁ outlined previcusly, dissolved in
" acetqne, and stored in the dark in air tight septum vials at 4°C. e
Injectlon solutlons without S—9-consxsted of the carcinogen of
 extract dlssolved in. 0.1 ml acetone, and 1.9 ml pBS. Solutlons with
5-9 con51sted of ~ tne carc1nogen d*ssolved in 0.1 mb acetone, and 0 5
ml of S-9 mix. ' This solution was 1ncubated for 2 hr in the d k‘at//
37°c; after which 1.4 ml of PBS were added. . All injéctiqns_@éfe E
" done under yellow light. Carcincgenic compounds injected into ryos
included‘ aflatoxin Bl’ 2—anthraminé, 7,12-dimeth§lbenzaﬂthfagene
(DMBA), and MNNG. Soxhlet anq XAD-2- extracts were injected'into |
) embryos, ‘lone and 'in cambination with aflatoxin B, or MNNG.
A ’ N

1
R ',»/j ' ¥
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IV) Retention of Radiolabelled Benzolalpyrene in Embryos and Fry:
. . B z

Embryos wére injected as) described pﬁéviously ‘with 0.5 u1
aliquots of- radlolabelled benzo[aﬂ&?rene - {BaP} s&lutlon. The
{ H]—BaP stock (5 mCi in 1 ml hexane) avas cleaned-up by extractxng
three times with 0,25 M NaOH in 40% ethanol. The polar phase was
discarded caﬁﬁ/;he hexane pﬁff;—evaporated to dryn;ss. The IESldue was
dissolved ~in 5 ml acetone to vield a stock solution of 1 mCi (150 ng)
of [ H]—BaP per ml of acetdne. Injectlon solutions were prepared

[ S v s
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by combining 1.0 mCi of rédiolabelled BaP,-and 5.0 my of unlabelled
B\a\go in 1.0 ml of acetone. This acetone éolution (0.1 ml) was combined
wit'n“ 1.9 ml of PBS for injections without S-9, or incubated, with 0 ‘5 _
ml of S-9 mix for 2 hr and combined with l 4 ml of PBS, as prev1ously

-

described for _nJectlons with S-9, . . _ .

Ehnbryos were also immersed In rad*olabelled so]uLt:gns by,
placing 200 embyos in 100 mJ. of water, to which had been dded 041 mC:i
of | H]-BaP and 0.2 mg of unlabelled BaP dissolved in 0.1 ml

acetone.” After 2 hr, the embryos were removed .from this solution and

transfe?to clean water. - . - '
. Bmbyocs  were ‘diSS'ONGd in 1- ml NCS tissue solublllzer

(AnershanVSearle Co Ve neutral*zed with 50 ul glac1al acetic ac*d and
‘nd1v1dually ' counted  after addition of 10 ml of oCs 1liquid
scintkillation cocktail V(P.smersham/Searle Co.). The counting efficiency
of émbryos sham-injected with [EE] —BaP and counted in the NCS/0CS

matrix was 31%. Viable embryos (n=20) were sampled at 2, 24, 48, and -

96 hr post—exposure, and one group of fry was sampled at 120 hr.

V) Ames Tests:

Effluent extracts were tested for mutagenicity by the
S&Eﬁon'ella /mammalian microsome assay (Ames aésay) according to the
methods described in detail in Part 2 of this report. The effluent

‘extracts were also tested for comutagenic activity with aflatoxin

)
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B1 and MNNG. The extract dose ‘was calculated from the. volume of

original effluent' which was extracted and concentrated to the 0.1 ml .

plating volume (ml equivalents per plate).

VI) Anaphase Aberrations: - . | - .

"As  an ig_ vivo assay for genotoxic activity, sqpash;
preparations of trout. embryos were examined for éhaphase'aberrations.
After injection .with 'carcinogens and/or effluent extracts,,embrfos
were fixed in 10# buffered fbrmalin at 6, 15, 30, 48, and 96 hr
post-injection. The chorion was removed, .and the embryo dissected‘
from the yolk. The embryo was placéé in 70% acetic acid for 24 hr,
épd then transferred to 2% aceto—orééin stain.witheproprionic acid for

24" hr. Aceto-orceln stain was prepared by dissolving 2g of orcein in

45 ml glacial acetic acid, and diluting with 55 ml distilled water.
The ratio of aceto—orcein to proprioniq acid was 19:1.

Ther stained embryo was placed in agetic acid for 5 min to
" remove excess stain, and then téased into small pieces. The pieces 6f
embryo were placed bn a glass slide with a drop of écetic acid. The
tissue was squashed by tapping the coverslip with the eraser—end of a
‘éencil. The squashes were sealed with nail polish around the edges of

the coverslip. -Slides were scored for anaphase aberrations within 48

nr of preparation.

For each sample, 25 anaphases were scored fram each of three

-

-
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Figure 2: Survival to-necropsy of rainbow trout injected with control
solution and aflatoxin’ B, (13 ng; without S-9), in'comparison to

the ‘survival of non-injected, control fish. .
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’

squash p’reparat:.ons (n—75) . Anaphases were scored accofding to the -
crlter a of Nichols et al (1977) as normal, or containing écehtric
fragments, attached fragment:s, anaphase bridges, side—-arm brldges, or

' multlpolar bodies.

. .‘_ : b

- <

A LA I

I) Embryowmjection and Fish Pevelopment:. y

tov { ?
A <

. 'The \embryo injection procedure was suff1c1ently I‘."ap].d that one : .

person could inject 600 embryos -per day. Because of the res:.llence of g -
l!t:he: chorion, very fine neadles cduld not be used for- tnjectlons\._ The i
solutions were 'mjected into  the perivitelline ¢spage because
injections into the? yolk .quickly clogged the needle. The embr.;yos‘_' c
appeared to _mblbe water and took on a milky cast when placed in water

after injection., - . _ | " {/f— ‘\'3

The majority of e:k)ryo mortalities occurred betwees [J8&tion
and hatch; particular\fly within 24 hr post-injection (Fig. 2). ‘

rvembryos turmed a characteristic opaque, white colour, and there was
S oHnite @

§

e



TABLE 1: Survival to hatch of ralnbow trout embryos {(n
0.5 ul of test solutions.

140

Al

= 50) Injected with .

: - Injection Solutlon & Survival to Hatch.
2.0.mi PBS \ 52
1.5 ml PBS, 0.5 ml 59 mix" 54
1.9 ml PBS, 0.1 ml acetone (5%) 52 .
w 1.4 ml P8BS, 0.5 ml S-9 mix, 0.1 ml acatona (5%) 48
"“1.4 ml PBS, 0.5 ml 5=9 mix, 0.1 ml DMSO (5%) . 33
0.4 ml PBS, 0.5 ml $=9 mi%, 0.1 ml acetone (10%) 37
" Controls {uninjected) 94
i‘
) . :
)a
- ' ~
~
~
\? 5
[ G
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often extrusion of yolk  through the puncture'wound in the chorion.
Often this loss of yolk material seemed to be caused by violent
movement .of the eﬁbgyo.' Figure 2 indicates tﬁaé a,lafge percentage of
hatch and “swim-up". Many deaths at "swim-up" occur because fry do
not  begin proﬁer exogenous feeding following yoik absorption.
Mortalities between “sw;quﬁﬁwand necropsy (12 months) were' low in all
treatment groups, and were oftén a result of accidental death. o
‘Acetone and dimethyisulfoxide I(EHSO) were evaluated as
solvents for injected conpoundé angy extracts. A 5% -solution of
.acetonéqrin PBS was selectéd, sinec it.induced'the lowest mortalities
between injection and hatch (Table X).
‘In  order to synchronize the developmental stage during
- carcinogen  exposure, embryo development was retarded prior to
--injection by holding at 60C.s For e)ga/nple, eyed embryos held at
6°C hatched after 27 days, while embryos transferred to 12 C
hatched within 8% days. No increase in mortalities or developmental
anomalies were nbted as a result of thi;‘tréatment. Embryos received
-from the trout hatcnery were at the "eyed" taqghof developmeq&, when
the embryo has plgmentéd eyes, a full comlement ‘)f 60 scmutes, a
beat’ng heart, glli‘buds, and a liver bud (Knlgnt, 1961) Development

. from thlS p01nt is chiefly an LnQ§ea5e in size.

™
The™ test concgntrations of carc1aogens were‘“selecﬁed after

preliminary lethality assdys. . Concentrations of 13 ng/eqgg aflatoxin |
¢ 14

~

‘ . : A ‘
e ”Blt 250 ng/embryo of IMBA, and 500 ng/embryo of 2-antiramine were

. /] =~ \ . a ) y . | ‘
"\\f(__//n \ - . Vk;-"‘“;-&" T \_})}

- > . \ ¥
. ~ oo - ‘, ] v o - \ C’ K % , s

the mortalities of both injected and uninjected embryos occurred at

N
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control mortalities (50%) due to injection procedures. Table 2 lists

. : . ‘ 142

the calculated LCSD values over the period between injection and

“hatch - (Appendix 10). The LC50'$'were calculated after subtracting

11

Ehe per cent survival of embryos ‘to hatch after treatment of 200

embryos with carcinogens. Control mortalities épproximated 50%, while

' 22 to 46% of embryos injected with carcinogens survived to hatch.

The uptake of [3H]—BaP by embryos at 2 hr post—inje%tion
(Table 3) .averaged 82% and 93% of the amount injected for golutions
with and without $-9, respectively. In both cases-the mean leéelé of
BaP decreased slightly .to 70 - 80% after hatching of the fry.- The
vériability of counts among individual embryos was highfkbut appeared .
to Tdecrease with time. Soime of the variability was due to error in
metering out the solutions, since sténdard deviations for
sham-injections were. 10% of the mean. Embryos imkersed in BaP
solutions . retained relatively high levels of BaP, witm~ow sample
variability (Table 3). However,' the . large éeéteése Bap
concentrafions affer the immﬁrsed embﬁyos hatched indi “that most
of .the compound was adsorbed to the chorion, aq not penetrating
to the developing embryo. _This<is in marked contr to the.efficient
retention of BaP by fry in the injecpion treatménté. |

Trout examihed 12 months aftgr injecFion weﬂé 20-25 long
(fork length) and weighed betweeﬁflon and 200 gm. There was rio &lear
indicatién‘ of 'thé éffect of cércinogen exposure on fish growfh,
g)rowth_ was* strongly afgected b§° ihdiviE:al aggressi.verjess dgring

feeding, Sex differences in ‘responis to carcinogens could not be

s : 9 -p
N : : N
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TABLE 2: Survival to hatch of ralnbow +trout ombr'}os (h = 200) Injoctod with
: e

carclnogens,
t

Injected Compound Concontrations £ Survival to Hatch
w
Without $-9 With 59

-

Aflatoxin 81 25 ng/eqg fT Y22 28
- 13 ng/egg / 31 33
[T ‘
-7,12~DMBA 250 ng/egg 23,28 Z 4 32
7 .
' -
—x 2-an fhrg:rr{ne 500 ng/egg 46,22 35
.S | o
f i
) Cor}trol - 56,48 54
~ [ i v
¢ "
- -
o : \
% ©

»
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TABLE 3:

. ) .
Retention of bonzolalpyrene (iaP) by ralnbow trout egys and fry

atter exposure by lnjebflon and immerslen procedures to solutlons
- 3

contalining [ HI] b:;;gda]pyrono. The moan and standard devlatlon

of BaP concontratio are tabulated (n = 20).°

IS

2) Injection - Total BaP concontration = 125 ng/egg.

» . . ‘
/
Hr. : Concentration (ng/eqd)
- L]
Without 59 With 59
-9 T —— ——e e
Mean S.0, Mean ‘S.D.
2 103 * 33 i16 + 26
24 . 106  +29 12) *19
E 48 81 27 ' 109 + 23
R M
. : 96 92 + 3 1N ] + 29
Fry 120 s 92  t26 ¢ 107 £ 15

b) lmmersion w]fnagi 5-9 - Total BaP concentration = 2 ug/ml.
(-f&’ ~

'Hr. >

Concentration {ng/eqq)
S.0.

PR

Mean «

56 +19
24 a9 t 5
Egg 48 .43 % 10
' 96 a8 5
v i ' .
L. Fry 120 k_/ 9 3 A
. X
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‘Figure 3: a hepatic’neoplasm grossly—visible on the liver {
rainbow trout

arrow) of a

{x3 magnification) necropsied 12 mo after exposure by -

_ embryo injection to aflatox1n B1 (13 ng with s-9), ’

. | )

1

alnbow trout (x0.8 magnification) necropsxed 24 mo after exposure by

embrye *nJecteon to ‘aflatoxin Bl (13 ng) plus rgflnery extract

{soxhlet) .-

Y






VFiguré 5: High magnlflcat*on photograph (x540) of a hepatocellular
carcincqa in ralnbow trout exposed to aflatox_n Bl (25 ng, with

$-9) by embryo injection. Normal liver parenchyma is situa;od on the
right side of the figore, ahd.the enlarged trabecular liver cords'of

the carcinama are situated on the left (H&E staining).

Figure 6:"tow magnification photograph (x62) of a hepatocellular
carcinoma in a 1 yr-old rainbow trout exposed to aflatoxin 1 (13

ng), showing ' the trabeoular 'architecture of hepatic cdrds (HsE

.sﬁaining).

.
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Figure 7: Low magnification photograph (x70) of« a hepatocellular
carcinoma in a-2 yrgold trout exposed to aflatoxin Bl (13 ng) plus
refinery’ extract (soxhlet), showing peripheral trabecplar carcinoma

tissue in the lower area, and a central flbl'.'OUS stroma in the upper

LY

area of the photograph (H&E staining).

¥ .l :

™~
N

¥igure 8: A low mégnification photogr.‘ap'h (x62) of a\'basophilic nodule

in a rainbow trout necropsied 12 rﬁb after exposure by embryo 1n3ectlon

to 13 ng aflatox:.n Bl (H&E stalr\qng)
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Figure 9: A high magnification photograph (x520) of an eosinophilic

ncdule in liver of rainbow trout necropsied 12 mo after exposure by

embryo injection to DMBA (250 ﬁg, with S-9). Enlarged eoéinophilic

cells are located on the upper left of the figure,‘aﬁd normal ti;sue

on the lower rjght. Invading lymphocytes are present on the left and
' ' o =/
right portions of the nodule (H&E staining).

(.

Us.
,ln




7

2 e ‘-i:({.s“
2 et ‘ @

LS

?r’ =
29
",

+%2 . K

1R

148



149
#

o

determined since only a small percentage ( < 5%) of fish were sexually

mature at necropsy. - Trout examined 24 months after injection were

24-38 cm. long, ahd weighed over 300 agnm, . ' ‘E

II) Classification of Neoplasms: ' : a

The incidence of hepatic neoplasms was detemmined by gross '
“

examination at necropsy, and - histologic exanuhat_on of preserved

tissues. No gross neoplasms were observed on tne external surface,

by
kidney, spleen, ors gastric caecae- of ralnbow trout at necropsy.

However, the tound white lesa,ons {1-6. 5 mm diameter) observed on the
liver ‘surface of 1 yr—old fish ( Flg %) closely resembled the small
liver carcmcrnas reported by Smnnuber et al (1977) for trout exposed
to” aflatoxin Bl More than one gross lesion was rarely rved

on a liver from fish necropsied 1 vyr after embryo- jrjection, but
multlple. surface lesions were common in fish exanu.ned arfter 2 yr.
Sur:face ‘neoplasms on 2 yr flsh[were often large (>1 am), with a more
g :

vascularized appehrance ( Fig. 4).

The ﬁistological classification of nepat;c neoplasrns was based

-

upon the criteria outlined by Sinnhuber et a1(1977) Basopmllc

=
carca.ncmas were distinguished fram preneoplastic basophilic nodules by
increased hepatic cord width (>2 cells wide), cempression of

surrounding tissue, and increased mitoses (Fig. 5). «Nuclear diameters

! e g
S ,

™

L.

-

Y
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were not measured , sincé, in ﬁon-neoplastlc trout, this parameter
varies Wlth sex and body weight Ih™a manner lndependent of age (Simon
et al, 1967)." \‘
Basophilic hepatocellular carcinamas (0.5-5.0 nnldiametér) were
observed histolegically in liver_sectibns prepared ?nxu fish held for

1 and 2 years. No cholangiomas were chserved in these trout livers.

Tne architecture of 1liver cords in carcincmas was usually distorted

~ r

into a trabecular patterﬁ AFigure 6), and in larger cércincmaS'(>mun)
there was often a sparse fibrous stroma near the center of the le51on
(Fig. 7) '

Basophilic nodules .varied in size from islets of a few cells
to nodules of up to 1.7 mm in diameter (Fig. 8). Several nodules were
often preéent. in one section, and nodules were occasionally found in-
the same section with basophilic carcinomas. Nédules were common in 1
yr trout, but only two were identified in fish necropsied after 2 yr.

E051nopnlllc nodules - (0 9~4.4 mm) were also present in llver
sections. Within these nodules, cells were hypertrophic, although
liver .architecture was not altered markedly (Fig. 9). --All
eosinophilic nodules were characteri;;d by the presence of
iymphocytes. A variety of other pathological changes were observed in
liver sections; including "fatty liver", foci of invading lymphocytes,
53; areas of cellular nypertrophy and necrosis. No hepatic carc1nomas,
basophilic nodules, or eosxnoph llC nodules were observed grossly or
histglogicélly in  any of the control fish examined in these
experiments (n=105) .- ' reas

—

-
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III) Incidence of Hepatic Neoplasms:

a) Exposure to known carcincgens:

The -incidence of liver neoplasms in fish exposed to aflatoxin
Bl' _2—anthramine, and DMBA are presented in Table 4 under tne
neadings of lesions observed 'in an initial visual survey, and those
observeg in ~@ subseguent histological .survey. Fish were visually
surveyed“'at necropsy for gross liver neoplasms, and the fixed liver
tissuesl were later examined 'histologically (2 sectgons per tissue
block) for nodules and carcinams. In same cases, the histological
survey did not confirm the presence of grossly visible neoplasms (e.q.
treatment with 2-anthramine without >Sf9), but subsequent serial

E

sectioning of these blocks confirmed the presence of carcincmas in all

of these cases. These lesions are tabulated as grossly visible

neoplasms, but are not included as’ positives in the histological

survey (Table 4).
Fish .exposed to 25 and 13 ng per embryo of aflatoxin By
.had a  low incidence of grossly v1szble hepatic lesions, and

nlstologlcally v151b1e basophll*c nodules and carcincmas (Table 4).

In fish exposed to [»ﬁy\, hepatic carcinomas were observed grossly and

-\



TABLE 4: lIncldence of hepatic leslons In trout injected in the egg stage with

carcinegens {(with and without microsom |
determined by a visual survey for gross leslions and a histoioglcal

survey for nodules and carcinomas,

Treatment
a) lnjectton:

Aflatoxin - 25 ng:
with 5-9
without 5-9

Aflatoxin = 13 ng:
wlth §5-9
without 5-9

ODMBA - 500 ng:
with 5-9
without 5-9

2-Anthramine ~ 250 ng:
with S=-9
without S5-9
~—" " Control: -
with 5-9
without S-9

b} I'mmerslon:
+

Af latoxin=0.5 ug/ml

N .
a) Frequency slgniflicantly different from controls at 2 (0.0
b) Frequency significantly different from controls at ¥~ (0.10}

Visual Survey

Nos. Neoplasms

152

. #

activation with 5-9), as

Hirtological Survey

Noas. 'Nodui as

Nos. Carclinomas

a
5/20
b

318

1/24
1/28

2/32
1/28

0/21
1/25

0/25
0/25

4/25

a .

Baso.

Baso.

Saso.

Baso.

Eoslh.
Eosin,

4/20
a/18

b
3724

b
3/28

2/32
1/28

0/21
0/25

0/25
0};5

Baso.

-

a
5/25

a
3/20

b
2/18

b
3/24
b

3/28

i/32
0/28

o/21
0/25

0/25

0/25

2/25
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nistologically , but liver nodules weze) allﬁ eosinophilic. These
3\hodules contained foci of .lymp;oe;tes, and there were also numerous
lymphocytic foci in the surrounding pargpchyma In the fish exposed
to 2—§nthramine, a single specimen exhibited a grossly visible lesion.
The initial hlstolog cal survey did not confirm the presence of this
gross lesion, but subsequent serial sect;oning of the block confirmed
the presence of a small basophilic carcinama (1.2 mm). _

It should be emphasized that none of the control fish,
injected as embryos with PBS solutions and solvent, contained grossly)
visible or hlstologlcally visible nepat C neoplasms {Table 4).
.Furtﬁernore, livers sections fram 25 of the;e control fish were later
step sectioned, and no carcmnomas or preneoplastic nodules were
observed in these tissues. . ;

At the high dose of aflatoxin Bl (25 ng), Chi—square
‘tests 'E;dicated that the  incidence of nistologically visible
carcinomes in " treatments with S-9 was statlstlcally elevated
(xze.lo)’ | but at the loeer dose (13 ng) there was no
difference bBetween treatments with and without S$-9 (Table 4). In
tests with DMBA, the incidence of carcinomas was sllgntly higher with
S-9 treatment ; but thlS was not statistically significant. Aflatoxln

1:' DMBA, and 2—anthram1ne were tested 1n tne Ames mutagenes*s
assay - using a modified protocol which mimicked the S-9 pre—incupation
procedure used for embryo injections. The carcinogens were incubated

with S~9 mix ‘for 2' hr at 37°C After addltlon of 0.1 ml of

bacterlal culture and 2 ml of top agar, the mixture was plated as
\{ ’

\ | ~ 0\
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TABLE 5:° Ravertants per plate in Salmone!!la/mammallan mlcrosome mutagenlc-
Ity assay using normal test protocol, and a test protocol mimlck~
ing the egg injectlon pre—Incubation step with rat S~9. AflatoxIn
was tested wlth Saimonella straln TA100, and DM8A and 2-anthramline
wore tested with strain TA98. :

. Treatmant Mean Revertants per Plate
o« - .
Normal Protocol Pre-Incubation

13

Spentaneous Revertants:

TA98 44 . 39
TA100 _ - R 115
. . : - »
Aflatoxin (0.5 ug) ‘625 1017!
OMBA (5 pg), - 405 .92
2-anthranine (10 ug) 7T 238"

* . - ) ' :
Mean revertants: per‘plate In pre~incubation tests signiflicantly differemt

. f I tocol tests (+ ).
rom normal pro ? ol tests { 0.05

. .



155

\

~

described by Ames et al (1975). The numbers of revertants lnduced by .

the - compounds after 2 hr pre—lncubatlon with $S-9 were compared to the
revertants’ induced in the normal assay with .S-9. The pre-incubation
steps with S-9 -increased the mutagenicity ‘of aflatoxin B1 (Q 5

ug/plate), but decreased the mutagenicity of DMBA amd 2—anthram1ne
(Table 5). |

-~

(b} Evaluation of survey methods for neoplasm incidence:

In order to evaluate the carcinogenic activity of compounds or
extracts in the embryo injection assay, the .incidence of hepatic
neoplasms must be determined accurately. Table 6 lists the incidence
of: (1) nodules only; and (2) carcinomas (or carcinamas plus nodules)
. observed following histologic - examination of step sectlons. These
liver tissues were prepared from fish eagosed by embryo injection to”
13 ng aflatoxin Bl plus soxhlet extragp/f;ith 5-9), and necropsied
at 1 yr (n=§0), or 2 yr {n=16). If step section data represents the
" true inciaence of hepatic- neoplasms in this group of fish, then the
+ numbers ‘of nodules and ca;éiadnas obsarved by the histological survey
(2 sections per block) aonsiderably undefeépimates the incidence of

botn types of lesions (Table 6). The visual survey detects a large

S
percentage of Thepatic carcinomas?n\put does not detect any of the
. \____

prenecplastic nodules.. A combination of visual and nistologif surveys

gives an accurate indication of the carcinoma incidence,” but the

%

k=]
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TASLE 6: Incidence of hapa*ié necplasms in ralabow trout determined by
histalogic oxaminatidn of "step" soctions {at 250 um Intervals) of
Ildor tissue, in comparison to the Incldence of neoplasms detor-
mined In tho seme tissues by visual and histologlc surveys. Fish
had been exposed by embryo microin]ection to aflatoxin BI {13 ug:
plus refinery soxhiot extract (100 uf. equivalents) and hold for 1

or 2 years before nacropsy.

Neoplasm |ncidence

Survey Method Nodules Onlz- Carclnomas

13 1 yr. Necropsy:

Step Sectioning 26 15
Histological t 6 : '
Yisual : . - 11
Visual plus histological ? 11 T 14 '

2) 2 yr. Necropsy:, . . . ] R

Step Sectloning ' 1 14
Histological 2 /. 1
Visual - .- : 1

Visuval plus trlstologlcal 1 13
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' _incidence of nodules cannot be accurately determlned However, . lt is

£,

essent1a1 that the’ neoplasms observed visually- are confirmed as

carclnomas by subsequent histological examination.j'

The relative accuracf of the wvisual survey sugg Sts that a
large proportion. of the hepatic carciacmaé induced by this t eatmeot
are located near the liver surface. The nlstologlcal

surpr_51ngly poor at detectlng hepatlc neoplasms Slnce Many‘of the

carcinomas are at the llver surface, the orlentation of tissue in the

block obviously affects the accuracy of the histological survey.
Since the mean  diameter -of carcinomas, as determined by step
sectioning, is 1.8 mm for 1 vear fish, and Z.lrnn for 2 year fish,
there 1is a relatively low probability of detecting a carciooma in 2
slides from a blook of liver tissue (approximately 0.3 cm thick). A
combination of _Visual .and histological observations is an accurate
indication of the incidence of hepatic carcinamas.

Between the 1 and 2 yr necropsy , the incidence of carczmanas
_ncreased, the incidence of nodules declined, and the total 1nc1dence
of hepatic lesions remained relatively constant (Table 6). This:
suggests that many of the preneoplastlc nodules progressed to the

carcinoma stage in the interval

Q.

(c) Exposure to effluént extracts:

The carcinogenicity of 'effluents was evaluated by the embryo
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) TAB'L_E 7: Incldence of grossly visible, and histalogically " visible hepatic
" leslons In ralnbos trout injected at the ogg State with aflatoxin B
(13 ng/egg), and aflatoxin (13 ng/egg) plus soxtiiet and XAD_Z
extracts (100 yl equivalents/egg) from an October, 1981 affluent
sample (Refinary 1), .
»
. Treatment Number Number Histologic ~ Total Carclnomas
- Gross Lesions ‘ (Gross plus
Neop lasms Histologle)
Nodules Carcinomas Number g
a) With 5-9 Preincubatlion: 0
Af latoxin 1/24 3/28 3724 4/24 17
*
Aflatoxin + Soxhlet 1/25 9/25 3/25 9/25 = 36 -
L 3
Aflatoxin + XAD-2 6/39° . 4/39 4/39 10/39 26
b) Without 5-9 Praincubation:
Af latoxin 1/28 3/28 3/28 4/28 14
»*
AflatoxIn + Soxhlet 4/25 . /25 3/25 1/25 "28
Aflatoxin + XAD-2 4/27 - 2/27 1/27 5/27 19

L]

alone,

2 ,
Frequency s! nificantly different | ] from treatment with aflatoxin
. X (0,100 :
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TABLE B: Incidance ot grossly visible, , and hisfoloélcally' vislble hepatic
leslons in rainbow trout injected at the egg state with aflatoxin B]
{13 ng, 25 ng), MNNG (250 ng), or thesa compounds plus soxhlet
extract (100 pl equivalents) trom a June, 1982 effluent sample

(Reflinery 13},
Treatment Number Number Histologlc = Total Carcincmas
’ Gross Lesions {Gross plus
Neop |asms Histologic)
Nodules Carclnomas - Number g
a) With 5-9 Preincubation:
Aflatoxin (13 ng) 1/27 4/21 5/27 11/27 41
»
Aflatoxin + soxhlet 8/25 2/25 7/25 14/25 56
Aflatoxin (25 ng) 10/20 1/20 4/20 14/20 70
\ ;
Aflatoxin + soxh |at 10/18 3/18 518 14/18 78
b) Without S~9 Praincubation:
Aflatoxin (13 ng) 5/20 2/20 2/20 7/20 35
Aflatoxin + soxhlet 6/ 1/21 S 72 B 9/21 43
MNNG _ C 4735 1/35 1/35 4/35 1
MNNG + soxh et 747 3/34 2/34 2/34 6

. _— ) _ _ .

Frequency signiticantly. different | 1 from treatment with atlatoxin
X (0.10)

alona,
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AN
injection assay in two Separate trials using extracts prepared from
samples 'taken in October, 1981, and June, 1982. ‘No grossly or
nistologically’ visible hepatic neoolasms were observed in fish (q—BO
per treatment) lnjected w1th dissolved (XASZZ extrdct) or particulate
(soxhlet ;extract) extraqts prepared from an October, 1981 refinery
effluent with and w1tnout /g~ 9 pre- 1ncubatlon., Kidney, spleeﬁ, and
pyloric caeca tissues fram these fish were also examined
histologically (2 sections per  block), and no neoplastic or
‘preneoplastic lesions were observed. The injection concentration,
which was equivalent to 200 ul of. effluent concentrated to the
lnjectnq: volume {of 0.5 ul, was selected in preli mlnary lethality
tests as half of the .96 hr I.CSO‘(Appeﬁc}ix \1\9). "I‘he 200 ul
equivalents corresponded to a residue weight injected into each embryo
of 6" ug of soxhlet extract‘aﬁd 4 wy of XAD—2 extrect: Ib the second
trial, no hepatlc neoplasms were observed (n*25 per treatment) in_fish \:>
exposed to 200 ul equivalents of partlculate extracts from a June,
1982 effluent sample - prepared with or without S-9 pre-incubation.
Ihereﬁjwas less residue material in this soxhlet extract, so the amount
1n3ected into each embryo was 4.5 ug.
However, when trout were injected with 13 ng of aflatoxln

l plus 100 ul equivalents of reflnery extracts (October, 1981)
there appeared to be a higher incidences of hepatlc necplasms than in
fish exposed.to aflatoxin ?1 alone. This resgpnselwas analyzed by ,

conparing ‘the ~ incidence of hepatic carcinomas in the variocus

treatments, as determined by visual plus histolegic (2 sections‘per
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Figure 10: ) Incit-:len.ce among rainbow trout fry at "swim-up" of skeletal
deformities following injection of: a) aflatoxin B, October, 1981 .
effluent‘ extracts fram Refinery 1 (soxhlet, XAb—Z); ‘or carbined
a-flatoxin plusi ex'tract.

| b) aflatoxi.n Bl'; MNNG, June, 1982 effluent extract fram Refinery 1

(soxhlekt); or-the carcinogens combined with extract. —
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~ block) surve&s.‘ All ' confirmed, grossly visible carcincmas were
confirmed by subsequent step sectioning. There were statistically
elevated numbers of hepatic carcinomas in fish exposed to aflatoxin
B, plus refinery extracts FTable 7). This effect was most
pronounced among fish in)ected with aflatoxin BY plus soxhlet

extract. The incidence of carcinomas was higher among all treatments

v 2

when 'injection solutions were pre-incubated with S-9.

| In a sgriesk‘gf éxperiments designed to re-test the observed
synergistic effect of effluent -extracts, fish exposed by embryo
injection to 13 ng aflatoxin B1 plus a June, 1982 soxhlet extract
(100 ul equiialents) nad a higher incide_nce of carcinomas than fish
exposed to aflatoxin alogf (Table 8). These differences were
-'statistical;y- significant Shly in treatments with S-9 pre-incubation.
There was alsé a slignt (non-significant) increase .in carcinoma
incidence. among fish exposed to 25 ng aflatoxin plus soxhlet extract
(with S-9 pre~incﬁbatiqn); Conversely, when soxhlet ektracts—were
injected %p cambination with MNNG, thﬁéégidence of tumors in trout
seemed  to decrease, but this response was not statistically
significant (Table 8).

In the carcinogénesis assays using refinery extracts; it was
observed that there was "an increase in the ingidence of "deformed“
fish. These deformities were " various curvatures of the spine
(scoliosis,-"lordosis, kyﬁhosis) commonly found in low frequencies
among hatchery-reared rainbow trout (Mauck ef.ai, 1978f;r Elevations

‘Ep the frequency of spinal curvatures were observed when embryos were

-~
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injected with XAD-2 or soxhlet effluent extracts; both alone, or in
combination with carcinogens (Fig. 10). This occu;red with injections
of both October, 1981 effluent extracts (Fig. 10a), and with June,
1982 effluent extracts (Fig. 10b), but it is important to note that
spin;l deformities werel only elevated in treatments without
pre~incubation - of extracts with S-9. When samples were incubated with
§-9, the incidence of curvatures was the same as control treatments.
Wnen the effluent extracts which were tested for
cércinogeﬁicity were tested’ in the Ames assay, none of the extracts
were  appreciably mutagenic (Table 9). Activation with S-9 was
required for a mutagenic response, but the number of revertan per
plate was not double the spont;ﬁeous levels at any of the extract
doses. The October, -1981 soxhlet extract gave a sligntly greater

gFronse  than the June, 1982 soxhlet extract. WhHen effluent samples

re plated witn aflatoxin B1 (0.1 ug) or MNNG (0.5 ug), the
extracts showed no comtagenic activity (Table 10)._ In fact, the
effluent éxtracts decreased the nutggenicity of both compounds .

Table 11 summarizes the anapnhase aberratioﬁ data for embryos

injected with aflatoxin Bl, or aflatoxin Bl plus the June,

1982 soxhlet extract. among embryos injected with mitomycin C.,

{positive control), there was a large Increase in aberrations at 15 n,
followed by a toxic response, as indicated by the low mitotic index.
In camarison to controls, embryos injected with aflatoxin Bl1,
with or without soxhlet extract, had a slightly elevated incidence of

anaphase aberrations at 30 to 48 hr post—injecti?3>/’ﬁ;;ever, there

LY
1

[
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TABLE 9: Mutagenicity of oxTraETS (soxhlet and XAD-2) from Refinery 1 afflu-
ents {(Qctébor, 1981; June, 1982) used in tests for carélnoganlclfy
by the embryo InJectlon assay., Ames assays wara run with TA98
(XAD-2 extracts) and TA100 (soxhlet oxtracts) wlth microsomal acti~

vatlon (5-9). SR refers to spontanecus rovertants.

Sampla MR Equiv./Plate ¢ Moan Rov./Plote
»a) Ogjober, 1981:
Soxhlet - 320 184
160 164 .
80 141
40 135
O(SR) 110
XAD-2 - 80 76
40 - 62
20 _ 65 -
10 B
0(SR) ' 40

b) June, 1982:

Soxhlot — 320 144
' 60 134 .
80 132
- 40 121

. 0(5R) 105
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TABLE 10: Results of tosts for comutagenlc activity of offluent eoxtracts
(soxhlet and XAD-2} in the Ames test wlth aflatoxin 81(0.1
ug/plate) or MING (0.5 pg/plate). Straln TA100 was used in +the
Amas test, with 5-9 (aflatoxin Bl) and without S-9 (MHNG). Spon-
taneous revertants wero 101 and 112 for tests with and without

S—9; raspectivaly,

P o
Eff luent Sampie Mutagen Effluent Conc. Mean Rov./Plato
(Mf. Equlv./Plato) 1
L~
a} October, 1981: ‘ .
Soxhlat Aflatoxin B‘ 320 412
160 517
8o 704
. 0 690
XAD-2 . Aflatoxin B, 80 . 503
' 40 682
.20 T . T3
0 709
b) June, 1982:
Soxhlet Aflatoxin BI 320 519
160 753
80 764
0 811
MNNG 320 912
. 160 1072
80 923
0 _ 1104
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Table 11: Incidence of anaphase aberratious_in trout embryos

inje;ted with mitemycin C, aflatoxin Bl’ or

~aflatoxin B, pius June, 1982 soxhlet extract from

Refinery 1 (100 ul equivalénts per embryo).

Treatgéht

Mitomycin C (100 ng)
Aflatoxin Bl (25 ng)

-without $-9
Aflatoxin B1 (13 ng)

-without S~§
-with 5-9

Aflatoxin (13 ng)/Soxhlet

-without §-9
-with S~9

Control

-without S-9
~with §-9

* Low mitotic index.

Number of Aberrations

6 hr 15 hr 30 hr 48 hr 96 hr

22/75

4/75

41/75

2/75

5/75

8/75

2/75
4/75

5/75
3/75

]

6/21
12/75

7/75
4/75

6/75
9/75

"~ 3/75

4/75

*

5/75

10/75
10/75

7/75 .

" 6/75

3/75
2/75

£
7/75

6/75
7/75

4175
5/75

4/75
5/75
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was no obviocus difference between the aberration incidence for embryos
injected w~th aflatoxin B1 alone, and aflatox;n plus extract;

either with or without S-9 preincubation. Tt appears that effluent
extracts did not increase the genotoxic activity of aflatoxin Bl'
However, the incidence of anaphase aberrations is too close to control

levels to state this definately.

DISCUSSION ~

-

These studies denbnstrate that a single microinjection of
nanogram quantities of aflatoxiﬁ Bl; MNNG, IMBA, and 2—anthraﬁine
into rainbow trout embryos inducad liver neoplasms‘aftef 1 yr. The
liver histopatholbgy of the aflatoxin B, injected embryos is
similar to the llver neoplasms described for ralnbow trout exposed to
aflatox¢n By li- diet (Sinnhuber et al, 1977) and by embryo
imersion  (Hendricks, 1981). . It could .be argued that the low
incidence of hepatic careinomas in fisﬁ exposed to 2—anthramine does
not represent a positive response.. However, because of the rarlty of

spontaneous hepatic neoplasms among ralnbow trout (Hendricks, 1982},

the one carcinoma observed was probably a consequence’ of expoSure-to
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2-anthramine.
The Shasta strain of rainbow trout 'used in studies by
Sinnhuber and co-workers (Wales et al, 1978; Hendricks et al, 1980a)

has been shown. to be very sensitive to aflatoxin B induced

1
carcinogenesls. Wnen Shasta strain trout were immersed in aflatoxin
B, (0.5 wug/ml) at several stages of embryo development,_
 approximately 50% to 70% of fish examined. after one year nad grossly
visible liver. neoplasms. When we repeated the embryo immersion
protocol with the- Kamloops strein, the incidence of grossly visible
neoplasms was 16% (Table 4). The optimal period for exposura’ of
embryos to. aflatoxin By was 4 days prior, to hatch (Hendricks et
.al, 1980a), whereas in this test, embryos were inject# at eight days
before natcn. The sen51t1v1ty of the embryo injection assay may be
meroved by using the Shasta strain of rainbow trout, and by 1n3ect1ng
at a later stage of embryo development.

The microinjection biocassay offers several advantages for in
Vivo carcineogenesis testlng. In camparison to the troot embryo
immersion  protocol, embryo injection facilitates the testing of
--compounds -which may .not penetrate‘ the chorion, or are not.

a

watet:;oluble.' In comparison  to rodents, extremely small quantities
of material can be used to perform a biocassay (ng per animel); These
" quantities campare favourably to the amounts of material used in- in -
vitro genotoxicity assays (e.g. Ames test).

The  suitability of embryo lnjectlon as a carcinogenesis

bicassay depends upon the 51m~1ar1t1es in response of fish, laboratory

d



169

rodents, ‘and man to carcinogen exposure. The relative carcinogenicity
of aflatoxin 'Bi, IMBA, and 2-anthramine in the embryo injection
assay deéreased in that order. This agrees with the relat*ve.
carcinogenicity of these compounds in skln—palntlng assays with rodent
species (Lennox, 1955; Shublck et al, 1960; Dickens and Jones, 1965) .,
,
“MNNG  is a potent rodent carcinogen, but produced only a low incidence
(6-11%) of’ hepatic carcinomas in the embryo injection. assay. Low
mortelit*es in MNNG experiments (41% survival to natch) indicate tnat
the dose may have  been too low. _ .
The enzyme activation potential of. fish may differ

*gnlf cantly . from rodents, al though SLmllar metabollc activation
processes nave been observed for a wlde range of campounds (Stott and
S_nnnuber,; 1978; Chambers and Yarbrough, 1976; Thornton et al, 1982;
Ahokas et al, 1975). The practicality of using exogenous rat-liver
microsomal activation‘ in conjunction wltn the e?g injection assay
requires further test_ng, although tnere.ls evidence that aflatoxin
B, carcinogenesis is enhanced by 849 pre-incubation. There is
potential fof‘ pre—incubating injection solutions with microsamal
preparations from human livers.'

Except for fish esposed to refinery effiuent extracts, k;dney,"
spleen, and gastric caeca tlssues were not examlned for histological
ev_dence of neoplasia. Liver tissues were processed because hepatic
lesions were grosgly visible, and because studies ind*cate that the
liver is the predominant target organ in ralnbow trout exposed to a

variety of cnemlcal carcinogens (Hendricks, 1981: Kllgerman, 1982). A
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statistical analysis of the survey methods used to détermine the
incidence of neoplaéms in trout liver indicates that, while
nistological observations . of preneoplastic nodules are indicators of
carcinogenic  activity, combined ~ tabulations - of  visually and
nistologically visible carcincmas are the most accurate data Eor
quantitative comparisons. - These data were used to assess the
carcinogeﬁic effects of refinery effluent extracts.

The refinery effluent extracts tested in the trout embryo
model were not  carcinogenic. These results are supported by in
vitro Ames bacterial mutagenicity tests in which these same extracts
gave only a weak response. In two experiments, the injection of
effluent extracts. in cdhbiﬁétion with aflatoxin By increased the
incidence of aflatoxin-initiated hepatic tumors (13 ng). This effeéﬁ\\
“was most  proncunced ig treatments with é—9 pre-incubation. Althougn
the tumor-enhancing effect of extracts was less proncunced - in the
second expefiment, the higher overall incidence of hepatic neoplasms
in this tast.(Table 8) may be due to the more adVanced develogmeﬁt of
embryos at injection (4 days prior to hatch);

'It is interesting to note that the effluent extracts weré not.
icomutagenic in the Ames test. The ﬁutagenicity of'both-éflatoxin
B) and MNNG was decreased in the Ames assay when tested with the
effluentl extract. It was previously shown in Part 2 of this report
'(Table 11) that the June, 1982 soxhlet and XAD-2 extracté from
Refinery 1 were not comuﬁagenic with BaP or 2-aceEylaminofluorene;

and, in fact, reduced the activity of these mutagens. Petrilli et al
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(1980) attributed the reduced mutagenicity of BaP in combination with
crude oil to mechanical'trapping by the oil hydrocarbons. Haugen and
Peake  (1983) reported that arcmatic hydrocafbons isolated fram
coal—derived oil reduced the activity of indirect-acting muitagens, but
not of direct—acting -mutagens. In this case, oil hydrocarbons;wene
thought to bind to micros&mal cytocnrame P450 and innibit metabélic
activation processes,

" The enhancing effect * of extracts upon tuncnﬁgenesié in trout

suggests that non-volatlle effluent components have co—carc1nogenlc

"~ activity. Co—carc1nogens are agents .tnat are not themselves

carcinogenic, but act to’ increase the overall careinogenic process
when administered at the same time as carcincgens (Weisburger and
williams, 1980). Criteria for accelerated carcinogenesis include
increased tumor incidence or numbers of ‘tumors per indiv‘dﬁal and
accelerated appearance of tumors. Only increases in tumor 1nc1dence
could be adequately evaluated in tnese studies since 1nvest‘gat10ns of
elerated tumor appearance involve sampling of animals with time.

Co—carcinogenic agents in the mouse skin;painting assay
include mineral oil, pyrene, Eluoranthene, benzo[e]pyrene, resorcinol,
n-dodecane, and Bhorbol myristate acetate {Van Duuren, 1976). -The
latter two compounds also have tumor pramoting ability. = The
mechaniams of  co-carcinogenic activity are unresolved, but they nay
include one or more of several possibilities (Weisburger and williams,
1980): |

1.) The co—carcinogenic magent alters metabolic processes to increase

p .
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the levels of the active' ultimate carcinogenic metabolite, or to
. decrease Lhé detoxification précesé.

2;) Th; co—carcinogens may increase nbn—speéifically or.specifically
the growth of cells with an altered neoplastic-genotype.

An’ interesting feéture of the biocassays Vusing refine;y
‘-effluént extracts  was ‘an iﬁcrease in the incidence of. spinal
cufvatqrbs “anong fish éxposed to extracts from both the October, 1981
effluent and AJune, 1982 .effluent; This occured after exposure to
Vextracts alone, or ih_ combibation with aflatoxin or ﬁNNS, but was
noticéable only among treatments without pre—incubation with s-9.
Sprague et al (1978) noted similar spinal cqrvatﬁres among .the
offspring of fiagﬁish held in - diluted refipery effluents. Spinal
deformities ére seen in high frequéncies-among fish exposed in embryo
and fry stages to cadmium (Bengtssoﬁ et-al; 1975), organopﬁosphate
insecticides (Wildish et al, 1971), and organochlorinés (Mauck e£ al;
1978). With the latter ciass of compounds, spinal deformities have
been related to increased use of vitamin C for synthesis of nepatic
detoxification enzYmeé, and a resultant deficiency of collagen
synthesié in the backbone.

The increased iﬁcidence of spinal deformities suggests that
there is induction of hepatic detoxification enzymes in the embryos
and fry of trout exposed to refinery effluent extracts. Addition of
rat S-9 to the extracts reduced the numbe; of deformities to control

levels; presumably .as a result of enzymatic detoxification. It is

possible that the mechanism. for the co-carcinogenic  activity of
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efflﬁent extracts is through alteration of the metabolism of aflaté%in
By+ Reports of the induction of hepatic metabolic activity (MFO)
~in fish exposed to oil refinery wastewaters in situ (Ridlingten et
al, 1982) further support this hypothesis,

i The co-carcinogenic activity of the refinery effluents was not
observed with a direct—aéting carcinogen (MNNG), but was expressed.
with a coﬁpound fequiring activation to a carcinogenic metabolite |
(aflatoxin By). This again indicates a metabolic mechanisme for
co—carcinogenééfs, as opposed to ‘an enhancementiof the growth of tumor
cells. = Purely phyéical factors, such as effluent extracts acting as a
surfactant for aflatoxin B, in the injection solution, may also
explain | these results. However, in the Ames assay, the effluent
extracts reduced, ather than increased the 'mutggenic activity of
aflatoxin . B §;k

1° the#f studies are required to- define the
w4 '

mechanism of co-carc¢inogenesis.
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PART 4: CONCLUSIONS

It can be concluded from'this study that orgariic contaminants
released by petroleum refineries in liquid effluents are not
carcinogenic in_ the trout embfyo 1n3ect10n assay. Compounds
associated with the particulate camponents of same reflnery effluents
show weak mutagenlc (Ames test) and clastogenlc {SCE) act1v1ty.. The
discharge of this materlal‘may constitute a\public health hazard only
if long-term accumilation of tﬁe'aetive agent(si in water resources
led to the appearance of high concentrations of the material in
drln&épg water. The release of mutagen*c material from reflnerles may
be reduced by improving effluent treatment procedures for the removal
of partlculates. Levels of o0il and grease in effluents may be'a
useful water quality parameter for indicating potentlal genotoxi Clty
assoclated with suspended partlculates.

Chlorination Of. refinery effluent residues iecreases the
genotoxic activity .of this material. - It is unknown wnether the

appearance of low concentrations of effluent residues in drinking

water treatment facilitjes would cons;itute_a'health risk.  However,

174
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.these results do indicate that.refinery effluents should be regarded

. ¥

as potential reactants | with chlorine for the .production of
genetox1c/carc1nogen1c ccn@xunds - in drinking water. Pragmatically,
the oil industry - should be discouraged from using municipal eewage
treahnent' facilities, or mnicipal water?\supplies for refining

3

processes,  since both practices may lead to the formation of

-~

carcinogenic reaction-products. ' é}(’ .
) e

Refinery effluents were not directly carcinogenic, but the

co—carcinogenic activity of effluent extracts in the trout embryo

assay is of" scne'_ concern.,  Refinery effluents - contain high

concentrations of phenolic éﬁd'long—chain-aliphatic hydrocar?ons; many

. , ) (
of which are known  to have co—carcinogenic potential. Several of

tnese compounds  are tnought to act as co—carc1nogens and/or promotors

through tnelr,act1v1gy as 1rr1tants. Petroleum products and effluents

also contain high concentratlons of aromatic hydrocarbons, which can

act as co-carcinogens through alteration of metabolic enzyme levels:

'Subfractlonatlon of effluent extracts (e.g. phenolics, aliphatics, and

arcmaplcs) and subsequent carcinogenesis testing may help define the

~ mechanism involved in ‘this process.

There is a possibility that campounds present in effluent

7 extracts alter metabolic processes in fish. Co—carcincgenic
" camounds, which @ act - through  metabolic _Changes, may increase
'carcinegeneSis in one species, = and decrease it in another. For

‘instance, ~ in hamsters the administration of 3-methylcholanthrene

increases the concentration of - a carcinogenic metabolite of

L 4 )
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2-acetylaminofluorene and thus increases carcinogenesis, while in rats
this treétnent has the opposite effect (Weisburger, 1978). Therefore,
the relevance of results with the trout embryo assay snould be
assessed by testlng with other animal models. It remains to be
determined whether effluents show a co—carc1nogenlc effect with other

Lndlrect-actlng carcinogens besides aflatox1n B Another

1°* .
important facagk to be determined . with mammalian species is wnether a-
co—carcinogenic response is - detectable at environmentally-relevant

concentrations of effluent in.drinking water.
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APPENDIX |: Rosults of Amas.fesfs'(TA100 wlth S~9) TB detormine the optimal
concentration of bbnzolo]pyrene {BoP} to be used in .comitageni-

city tests. The mean number of spontaneous revertants was 102.

Comutagen )
Mutagen i {BeF) Canc. _ Mean Rev./Plato
Benzolalpyrens (5 pg) 10 ug 312
5 ug 404
2.5 pug ) 382
1 pg 343
0 ug b 350
4 —_ -
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APPENDIX 11: Results of Amos tests (TA98 with 5-9) "to detormine the optimal
concentration of norharmane to be used 1a comutageniclty tests.
Tests wore conducted wlth and without pre-lacubation of norhar-

mane wlth test mixtures.

Comutagen
Treatment ; ’ (norharmane) Conc. Mean ﬁov./PlaTo
' tpmole)
T a) NIThouT,ére—lncubaflon: .
Spontaneous Revertants 2 42
. . ) ’ _ 47
;) 0.45 - 43
‘ ' . 0.3 43
Yo 48
2-acetylaminof luorene (2ug) ,t 2 . 304
| ’ o 1 339
: 0.45 - ‘ 396
' 0.3 307
o 292
.b) With préblngubaflon (20 min,):
‘ Shontanacus Re\.rer‘fam'rsa 2 Toxie
‘ 1. 27
' 0.45 31
0.3 ' 34
c 7 4
2-acetylaminof luorene (2ug) 2 . Toxic
‘.1 ’ 83
p ’ 0.45 T 89
0.3 117
.0 ) 309

<3
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4

‘hlot, XAD-2, and purgo-and-trap (P & T) oxtraction Mathods,

Compound Bolling Poaint (*C)

chloroform * 6l
benzene . 80 .
1,2 ~ dichloroethane - 84 |
dIbromomathane 100
phenol 182
.aniline ) . 184
o - toluidine 200 |
“p = chlorophenol . 213
dlgﬂ?hylphenol 213
dodecanse i 216
napthalene 218
hexadecpne h 280
phenanfﬁrene 340
olcosane 343
benzolalpyrens - . +>»350
1 - anthramine ' >350

4 Roco&éfx

Soxhlat KAD-2

/;::————-' .
A -
6 22
13 61
22 5
32 47

32 41 (
23 23
1] 90
103 106
98 16
103 97
100 88
106 77

PaT

103
91
97
72
4
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APPENDIX 1V: Maan rocovery of phonols from distilled water by XAD-7 resin

extraction,

5

Comoound ‘ Concentration % Efflciency

phenol - 100 pg/8g 95
dimathylphenol © 100 ng/s 81
p~chlorophano! 100 pg/s 102
- %
/

L

Q;‘\\\sk
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APPENDIX ¥:  Recovery of flclency  of known mitagens by ,XAD-?, soxhlet, and

purgo-and-trap mothods, as determined by Amas assays of extracts:

a) Exiraction of 100 ug BaP-in distilled wator {1 [Ttre} by XAD-2

rosin, end 100 pg BaP in activated alumina (1 _gm) by soxhlet. b
Extraction of 6 mg dlbromomethane (DBM) from distilled water (300

nl.) by purge-and-trap mothods. Mutageniclty was dotermlinad by
ﬂ\k Ames tosts usling strain TAI00 with $-9 (a), or without S-9 (b).

.5R rofors to spontanecus revertants,

Treatment ' Mean Reveéfanfs/Plafe

a) Non-volatile methods:

Callbration = BaPs 15 b |
10 ug :
5 ug
T ug
0 ugl(sSR) _
-Extracts ~ XAD-2 (1 mi. flinal.volume): .
(1) Contro) Extract (0.1'mi./plate)
(i1} BaP Extract (0.1 mi./plate)
= Soxhlet (1 mi. final volume):
(1) Control Extract (0.1 mL./plate)
(11) BaP .Extract (0.1 m. /platea)
b) Volatile mathods: .

Calibration - DBM: 0.4 mg
G.Z-mg
0.1 mg

0 .mg(SR)

- Extract - Purgo-and-Trap (3 ml. flnal voluma):

(1) Control Extract (0.1 mi./plate)

(17) DBM Extract (0.1 mg./plate)

-
»

697

590
373

293
12

107. . -
652 (1194)*

115
475 (815)*

612
543
410
102

96 .
492 (75%)

Per cent recovery calculated from regresslon llne for catibration rosults,
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APPENDIX ¥i: Mutageniclty of a Refinory 1 (Febriary, 1982) afffuont sampla
prepared by re—gxfracflng XAD=2Z resin with mathano!l {(MeOHM), and
re~oxtracting residue In o™ soxhlet thimblo with mathylene

chloride (MaClzJ. Thé-offluonf sample had beson previously

exfracfpd using solvents pormallyiusaq In these protocols (ether

and methanol). SR refers to spentanecus revertants.

Extract Res ldua Test Straln  M2. Equiv./ Rav./Plata
Wt. ‘ Plate  With 59 Without S-9
XAD-2 (MeOH) © 8 mg/l TAI00 320 Toxlc Toxlc
160 102 © Toxic
a0 98 108
40 ° 99 113
(SR)0 100 109
4
TAg8 320 52 34
160 38 ' 34
80 40 49
\\\EQ ' a0 - - 41 44
(SR)0 42 40
Soxhlet (MaClz) 23 mg/L TA100 « 320 Toxlic Toxic
160 - Toxle Toxlc
80 e * 32
_ 4. . 102 12
; (S0 100 . 109
320 - 5] Toxic
160 47 Toxic
80 - 54 Toxic
40 ©45 38
(SR)I0 42 ar -
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APPENDIX YII: Comparlson between the mutagenlclity of samples dissolved In

OMSO and acotone. | Samples tested In these solvents are con-

trols, . bonzolalpyrene (BaP), and XAD=-2  and ‘soxh lot oxtracts

from a refinery 1 effluent sample (Qctober, 1981). "

Sample

a) Control:

DMSO
Acetona

b) BaP (5 pg):
BMSO

'Acefone

c) XAD-2 (80 mf. equlv.):
MSO

Acetone

-

d)} Soxhlet (320 mf. oquiv.)

DMS0

Acetone

Tost Straln Mean Rev,/Plato
(with¥s-9)¢ i
) .
TA98 48
NGa 113
TA98 26
TA100 . - , 99
TA100 442
TA100 359
TA9B 58
TA9S 76
TA100 19
TA100 149
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APPENDIX VIIl: Comparison of ’rhe'rru‘ragenlclty of reftinery effluent extracts
(Reflnery 1, chob.ar, 1981) as dotermined In Amos assays (wlth
/xl:crosc;nal actlvation) using four tester stralns, Spontane—

.

5 revertants aro tabulated In brackets.

Extract fig. Equiv./Plate Strain Rev./Plate

. XAD=2 80 TA1538 54(38)
TA98 71(43)

. TAIS35 T 50(40)

v, ’ + TAY00 122(104)

Soxhlat . 320 TA1538 41(38)
TA98 - 4T(43)

TA1535 53(40)

TA100 145(104)

>

r
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APPENDIX 1X: Mutagenlclty of dibromomethane (DBM) In Ames tests with TAI100,
‘ bsling varlious assay protocols. Spontaneous revertant values aro

- prosentod In brackets.

- Treatment ) P o ] .~ Test Conc. Mean Rev./Plato ~
1) Without S-9 : o ' )
© 3) Normal Ames protocel . 2 mg - 243(1f2)
b} Dessicator - Plastic plate _ 10 mg* 2835(107)
. - Glass plate 10 mg* 2683(107)
¢) Sealed plate: (i) Aqueous p'fmse _‘
= Plastic plate 2 mg ' 427011
~ Glass plate 2mg - 1472(108)
- Plastic plate 2 mg (jn MoOH} 1267(98) .
: s -
(i) Gaseous phase -
- Plastic plate ‘2 mg ST 1836(114)
= Glass plate . 2 mg 1818(111)
- Plastic plate 2 mg (in MeOH)  1557(1Q2)
1) With 5-9 | R S

.~ a) Sealed plate: Aqheous bhasa

= No preincubation

&

_ 613(105)
- Pretncubation 2 mg . 619097)
' &
\
* . : . ' .
10 mg. DBM refers to amount of compound placed in bottom of desslcator and

alloded to volatilize.

a
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APPENDIX X: LGTHall?y data (96 hr.} and calculated LT50'5 {;r rafnbow trout
ombryos (20 por treatment) Injocted with varlous concentrations
of carcinogens and offluent oxtracts. All InJection solutions
wero prapared without pre~Incubation with 5-9, LT values were
calculated from oxperimantal minus control worfa]lfy data, as the
geone?rlc man of the times before and affer which 50% of the

tish duad as a result of exposure to compounds or extracfs.

»

* Compound Conc. LT

b3 Mortal ity 50

Oh.  12h. 24h.,  49h.  76h. 96h.

-

a) Carclnogens (Conc. as ng/egg):

Control | -

0 40 55 60 60 60 -
2-anthramine 1000 0 70 80 85 95 95  17hr.
. 500 0 35 60 60 .60 65 >96hr.
250 . 0 35 55 55 55 55 >96hr.
. DMBA 1000 o 95 100 100 100 100 3hp.
' 500 0 75 75 80 80 85  34hr.
o 250 0 30 30 60 .65 , 65 >96hnr
“aflatoxin B'_ . 5o ] 100 160 100 100 100 3hr.
25 0 65 65 70 70 85  85hr.
13 0 35 40 55 70 70 >96hr.
MNNG _ 500 0 70 75 75 95 100 .61hr.
' 250 0 35 40 60 60 65 >96hr.
0 40 40 55 55 55 >96hr.

100

b} Refinery Extracts; October, 1981 (Conc, as me. equiv./egg):

XAD-2 - 400 0 0 100 100 100 100  3hr.
200 0 35 65 65 65 65 >96hr.
100 O 30 40 45 60 60 »96nr
Soxh let 400 0 100 100 100 100 100 3hr.
' " 200 0 60 65 65 70 85 85hr.
100 0 40 a5 45 . 55 60 >96hr.





