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Samples 5f‘ dﬂhted biZurm (bttmn and dﬂuant naphtha, ;l 1, “
“v/v) and coker distil]ate (coken gas o#* and coker tha, 2:1, v/v)

were obtained from Syncrude Cpnada Ltd and subjected to column
“fractionation followed by M1ologica1 testing of the fract1ons using
the Salmonelaa/microsoma1 assay; (Ames Test) ahd the Photobacterium
phosphbr7um assay (Microtox test) The mpst Significaht toxicity ‘(as
measured with the Microtox test) was ascribable te fractions contain-
ing polycyc11c aromatlc n1tdogen hetérocycljc compounds (PANH);
bart1cu1ar]y bas1c PANH. Signi}icanf mutagénicityi(as measdred'with
the Ames test) was also ob%erved for the basic PANH fraction.
. Analysis of this ffaction by-bas chromatography/high resolution mass
spectrometry revealed the pﬂesence of alkyl-substitutec pb]ycyc11c
aromat1c“-n1trogen heterocy¢11c compounds and alkyl-substituted
quinolines. . j >
An analytical method was developed for the: ‘determination of
basic-PANH in fish tissue. Ih1s method was app11ed to study of the
uptake, elimination, and b‘otransformat1on of 6,7- d1methy]qu1no]1ne
and 6,8—di@g}hy1quino]1ne«éy rainbow trout (Salmo garrdnerr). Both
s : _
compounds wer;\;;;a?Ty“bioancentrated by fish from water and elimina-
ted following exposure and:deburapion. The major metabo]iies of 6,7-
dimethylquinoline were bbseived to be conjugatedk(sulfate or glucuron-
ide) alcohols, whereas the|major metabolites of 6,8-dimethy1quino]ine
weré obsetvéd to be_conjuga#ed (suifate<qy g]ucufonide) phenols and an

alcohol. Concentrations of!the metabolites in bi]e,‘dfter:exgysurelto
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approximately 1 mg/L of the dimcthquq!nolincs in aquarium water, and

- 63 h of depuration with feeding, were observed to be 3 orders of

/

magnitude above exposure levels. ‘ . ~ Y
Ax Twenty-one alkyl-substituted quinolines were subjected to

toxicity .te§t1ng using the Microtox test"“The observed toxicity .

(expressed as 5-min ECgg) varied over two orders of magnitude from

to 30 mg/L depending upon the degree and natur; of substitu-

ylquinolines substituted in the 2 positions were observed
to be less toxic than those isomers without a 2-substituent. Dimethy-
Jquinolinés involving § or 6 substitution togeiher with a 3-
substituent were obsexved to be most toxic.

Three dimethylquinoline isomers were subjected to rainbow trout
static fish bioéssay. Results (expressed as 48h-LCgg) agreed with the

" observed 5-min ECgo determined with the Microtox test.

(
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The inevitab]e'dectine 1n gfobal reserves of conventional crudeg":*-ffw

..‘,&
011 has created an 1ncreased interest 1n heavy 011 deve]opment It has-

.:1been est1mated that 40% of the wor]d s 011 and 90% of Canada s oil

supp]y s conta1ned in heavy 0il dep051ts (Hrudey and Scott 1981),}
"Thef majority of -Canada’s reserveés are located. 1nv1the,_o11 sands
deposits of Alberta The Athabasca 611 Sands deposit'in-northeastern
Alberta represents one of the wor]d s.most s1gn1f1cant known hydrocar-
bon reserves. Current est1mates suggest that synth£t1c crude oil
reserVes recoverab]e by proven surface m1n1ng techniques) of 26 5
bi]]ion barrels -are v1ocated there. This represents ‘more than four_'\
‘times Alberta’ s current proven reserves of conventional crude 0il
.(Hrudey et al., 1976). _

The hydrocarbon potent1a1 of this region is expected to resu]t in
rap1d\y accelerating -industrial deve]opment. If this occurs, concerns
‘will be “raised_ over the‘.envirdnmentat impact of such deve1opment_
especia11y during' accidental release of raw materials and partially
‘cracked raw naterials to the”environment'as a result of spills, fires
‘ and equipment‘fai]ures; A series of equipment fai1ures,did occur at an
A]berta» 0il sands and bitumen upgrading p]ant—’and reSulted_ in the
release of hore ‘than 50 tons of 0il (over several weeks) ‘to the
Athabasca River, under ice cover (BirkhoTz, et al., 1987}. During a
subsequent'-1nvestigation, it became evident that very 1ttt1e
information existed on the types of chemical compounds present in
heavy. oil and"partially upgraded . heavy oil, and consequently;"the'

R , , : . ' 4
environmental ‘impact of such a spill was largely unknown. Initial
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'research revea]ed that the spi]led materia] (heavy 01 and partially .
upgraded heavy o0il) contained numerous water soluble components of
env1ronhenta1 concern, }1nc1ud1ng a]kwl-suhstituted\ benzenes,
polycyclic aromatic sulfur heterocycles? potydyc1ic dromattc nitrogen
| heterocycles and polycyclic aromatic hydroéarbons (Bihkho]z et al.,
1987). It also revealed that appropriate analyt1ca1 methods for the
isolation and 1dent1f1cat10n of toxic chemtca]s in comp]e« samples of
heavy oil and partially upgraded (thermally cracked) heavy oil were
not.generally avai]éb]e: The déve]obmentjof such methods was perceived
necessary in* order to acquire meaningful 1nfonnation on the
environmental 1mpact of future sp111s Furthermore, information
obtained during the;course of’%uchsmethod development could be useful
to regu]atony agencies for regulatory and monitoring purposes. |

This research was relevant to the aims and objectives of
Entironment Canada, who supported the study financially. It is hoped
that the information derived‘from this study can be osed to assess and
‘oevelop ways to reouce environmental threats from conventional/in-situ’
energy activities. The enalytdcal methods developed during this
research can provide regulatory agencies with the information required
to monitor for toxic chemicals identified in this research 4n
- environmental samples during the course of future spills. Furthermore,
the information obtained, from the toxico]ogica] assessments of heavy
off and its upgraded products, will be 'va1ueb1e in ranking the
- severity of environmenta]‘impact as e consequence of natural seepages
of heavy 0il into the environment versus occidental spt]]s of

partially ugraded heavy oil. The.latter comparison -of severity of
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‘bEEzironmental 1m£éct is important because a common 1itigation defense

i

argument has . been that the environment surrounding heavy .oil

production is naturally polluted.

1.1 Process Description .

0il sands are mined in open pits and transported for extraction
by conveyor sysiems. After rough screening to remove oversize
materia],‘the 0il sand is mixed wiTh hot water, steam and caustic in a
conditioning drum (figure 1-1). From here the mixture is discharged to
separation cells where gravity segregates the mixture into skimmable
float, middlings and bottoms. The bottoms discharge to the tailings
pond as wet tailings.

Theé middlings are transferred to a scavenger cell which uses air
flotation to recover additional bitumen. This is combined with the
skimmable float to constitute bitumen froth. The bitumen froth is}
diluted with raw diluent naphtha before ceﬁtrifugation. The 1att2:
stage produces a bottoms stream which goes to tailings and the dilUied
bitumen which goes to storage prior to upgrading. N

The diluent naphtha 1is recovered from the diiuted bitumen by
distillation immediately prior to charging the bitumen into the
cokers. This latter process is a high temperature thermal cracking
process which converts the predominantly high molecular weight bitumen
molecules into smal]ler more useful hjaﬁhﬁnimps. The cokers at the
Suncor plant in Alberta produce 5 streams: non-condensible gases,
naphtﬁa, kerosene, gas 0il and solid coke. ‘The middle three comprise

the raw materials for blending to produce synthetic crude. The cokers

Wi
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at the Syncrude plant in Alb’ertj produce 4 streams: non-condensible
ga.se‘s. naphtha, gas oil and solid coke. Coker naphtha and gas of)
comprise the raw materials for blending to produce synthetic crude.-
These b]gnded streams (blended to produce synthetic crude) contain
substantial’ quantities of unsaturated hydrocarbons and sulfur and
nitrogen heterocycles, directly f}om the cokerfffhese materials are
un&esirable inq%etro]eum products so the coker distillate (refers to
coker naphtha and gas oil at jhe Syncrude plant, and cokgr naph?ha,
kerosene and gas oil at the Suncor plant) is hydrogen treated in
separate hydrotreating stages to saturaté the unsaturated hydrocarbons
and remove sulfur and nitrogen c;mpounds. The hydrotreated product is

blended to produce synthetic crude.

1.2 Study Design

From figu%e 1-1 (and discussions with Syncrude Canada) it beéame
apparent that the major streams present in a heavy?oil mining and
) upgrading plant are diluted bitumen (bitumen p]us;diluent naphtha) and
coker distillate (coker gas oil and coker naphtha, Syncrude”plant).
Because of the large size of these streams relative to other process
streams, any plant upset would likely result in the release of grejter
proportions of these stream§ to the environment tqgn other proc'ss
streams. Therefore, étteq}ion was focused on studies of these two
streams. .

Accordingly samples:pf bitumen, dﬁ]qent naphtha, coker naphtha
and coker gas oil were obtained from SyncrudeVCanada Ltd. and combined

to form two samples namely diluted bitumen (diluent naphtha and
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bitumen, 1:1, v/v) and pokar distillate (coker.naphtha'and‘coker gas
oil, 1:2, v/v). These two samples were subjected to exhaustive column
fractionation and analysis followed by bioassay in order to meet the

objectives of this study.
W
1.3 Objectives

1. Development of an apalytical protocoel for the isolation and
characterization of toxic chemicals in complex heavy oil process
samples. Included in this objective are the standardization of
separation pfocedures (such as chemical class séparation) and repeated
confirmation of the performance of developed .procedures by testing

model compounds and analyzing complex heavy oil samples.

7. Isolation and identification of the most toxic components present
in diluted-bitumen and coker-distillate.
3. Determination of the uptake, elimination, and biotransformation of

a representative number of toxic chemicals by fish.
1.4. References

1. Yrudey, S.E. and Scott, J.D. (1981), Water Reuse Needs of the 0il
Sands Inqustry in Alberta, Proceedings Water Reuse Symposium II,

Vol 3, August 23-28, Washington, D.C., 1979-2004



+

¢

2. Hrudey, S.E., Sergy, G.A. and Thackeray, T. (1976), Toxicity of 0i)
Sands Plant Wastewaters and Associated Organic Contaminants,
Procudlngs 11th Canadian Sympostum, Water Ponutfon Research
Canada, 34 45

3. Birkholz, D.A., Hrudey,mS.E.. Kimble, B.J., Rawluk, M., and Gray,
M. (1987), Characterization of Water Soluble;jComponents of a
Wastewater 0il Sample from an Oi) Sands Bitumen Upgrading Plant,
In 0i1 in Freshwater: Chemistry, Biology, Countermeasure
Technology, J.H. Vandermeulen and S.E. Hrudey, Eds., Pergamon
Press, New York, 42-57



2. AQUATIC TOXICOLOGY OF HEAVY OIL

P

2.1. Introduction

The inevitable decline in global reserves of conventional crude
0il has created increasing interest in heavy ofl development. It has
been estimated that 40% of the world's oil and 90% of Canada’s o1}
supply is contained in heavy oi) deposits (Hrudey and Scott, 1981).
The emergence of developing technologies to meet world energy needs
(such as he:;y 0il development) imposes new requirements on existing
environmé‘tai analytical capabilities. These emerging technologies
present unknown chaﬁlenges to the environment and it is important to
develop analytical schemes capable of comprehensively characterizing

_‘poténtial environmental problems.

Such a challenge came to light in 1982 when a fire ensaa series
of equipment failures at the Suncor 0il sands plant, north of Ft.
McMurray, Alberta, resulted in a sp{ll of coker distillate fractions,
including raw naphtha, to the p1an{‘s wastewater pond. Over a
subsequent 10 week periodf’ plant monitoring records reported thé
relegse of more than 50 tons of 8il and g;ease to the Athabas¢a,§iver
under winter ice cover (Birkholz, et al., 1987). Although numerous
investigations into the composition of bitumen and heavy oil have been
performed (Bunger et al., 1979; Selucky et al., 1977; Strausz, 1984),
little research has been conducted on the composition 6f thermally

cracked, or upgraded bitumen. Consequently, the environmental impact



‘of sp111s of b1tumen and partwa]]y cracked b1tumen to the env1ronment
. are’ d1ff1cu1t to assess. Compounds of enV1ronmenta1 concern such as
| ‘a]ky] subst1tuted benzenes, po]ycyc11c aromat1c hydrocarbons (PAH)
?benzoth1ophenes 2sand d1benzoth1ophenes have been 1dent1f1ed in coker
’ naphtha, cokeg gas 011, and m1dd1e d1st111ate fract1ons of heavy oi
>~J(Coo1ey etral., 1981, Poirier and Smiley, 1984). The eny1ronmenta1
' toxicologyIOf these compOUnds'has~been'reviewed'by‘Vandermeu]en (19875
. and d1scussed by B1rkho1z et al. (1987) Water so1ub1e compounds were‘
'1so1ated from sp111ed coker d1st111ate fract1ons and 1dent1f1ed as

: saturates,:.acr1dtne,- cyc11c ketones, _a]ky];subst1tuted, benzenes,

&

"jbenzothiophenes; Furans,’ 1ndans, quind]ines,_'and dibenzothiophenes.

From these stud1es 1t 1s c]ear that many c]asses of organ1c compounds:
Lo |
are present 1n coker d1st111ate der1ved from therma]]y cracked

jbitumen: Th1s 1s not surpr151ng in v1ew of the known (Se]ucky et al.

'1977) COmpos1tlon of bitumen: 83.15% C, 10. 3% H, 0.40% N, 1.6% 0 and

4 58% S.. Thermal cracklng of such -a complex substance wou]d certa1n1y:

o resu1t in the format1on of many c1asses of organ1c compounds .

- To better understand the' enyaronmenta] impact of future spills of

":‘coker ‘distit1ate} andﬂ“dituted bitumen fractions,' samples of' coker
\'disti11ater (coker“naphtha + coker_'gas-oi] 1:2, v/v) and d1]utedi
bjtumen (bitumen + di]uent,naphtha, 1:1, v/v) were obta1ned from a

surface mining. plant and subjected to chechalffract1onat]on using-a

Ao

"'modffﬁed yersion‘of the method of Later et al., (1981). The resulting
'fraCtions were thenv:subjected “to tdxicity testing ™ using the
fSa7mone77a/m1crosoma1 assay&v(AmesyfteSt)‘ and . the Photobacterium i

'phosphorrumf assay V(M1cr9tok test);” All Tfractions 'uere‘ subjected to




chemical analysis using ‘screening techniques such -as’  gas

0

chromatography/f1ame,fionizatianHdetection (GC/FIﬁ), gas h

L"chrpmatography/Flame 'photometric - detection c(QC/FPD),V gas
chromatography/n1trogen phosphordus detection» (GC/NPD) high

performance 11qu1d chromatography/u]trav1o1et detection- (HPLC/UV) and
high performance_- liquid. chromatography/f1uorescence detect1on
‘(HPLC/FLUORY. Toxic fractions derived from COker-dist111ate were

subjectéd td analysis by gas chrbmatography/1ow resolution -mass

Al

v"spectrométry (GC/LRMS) and gas chromatography/high reso]htion mass

_"spectrOmetry (GC/HRMS). Th1 resuits of this study areEnQW'presented.

' 2.2.  Experimental Section ' | ol

2.2.1. Heavy 0il Samples
Samp]es of diluent naphtha, bitumen, coker gas-oil, and. coker

naphtha were prov1ded by Syncrude Fanada Ltd. and were representat1ve

of products derived from that company’s. surface m1n1ng p1ant in Fort -

McMurray, Alberta. A diluted b1tumen samp]e was prepared following

Company 1nstruct1ons by d11ut1ng bitumen with equa] volumés of diluent

. naphtha A coker d1st111ate sample was . S1m11ar1y prepared by m1x1ng

two volumes of coker gas- -0i1 with one vo]ume of coker ‘naphtha. Coker-

i

d1st1]1ate and d11uted b1tumen represent the maJor products (vo]ume

tfbas1s) processed by the.- Syncnude plant. In the case of a major p]ant"

upset, ‘hey wou1d “have greatest potent1a1 for‘ drscharge ----- to the.

" environment.

i



2.2.2. Column Fractionation

Three hundred ‘milligram a11quots of diluted-bitumen and coker~

'dist1]1ate were -subjected to alumina chromatography us1ng \\a

nddification of’the method of Later et al., (1981). Br1efly, neutra1

"

a1umina (100( mesh, Camag)' was p]aced in a Soxhlet extractor and

solvent by heating for several hours in a convection oven maintained

11

&

N,

- extracted overnight with diehlpromethane. Fo110w1ng removal of _Qﬁer

{ _
at 130°C the: adsorbent was cooled in k! des1ccator and 10\9 a11quots

' were we1ghed into glass scintiTlation vials. The vials were placed

into a muffle furnace.and the adsorbent activated at 4000C overnight.
After cooling the adsorbent in a desiccator’for 243‘h; the vials were

capped and sea]ed' with teflon tape! Pr{%r to chromatdgraphy}. the
¢ ] : :
adsorbent was deact1vated w1th ‘various quantities of organic-free
~ ,

water, ranging from 1. 0 to 1.5% - (w/w) and standardized by

chromatdgraphtng'a ser1es of_mode1~compounds fo]]dwind the proeeddre

of Later etlal;, (1985). The model compounds used were n-pentacosane,

phéhanthrene, benzo(g,h;i)pery]ene,a2-methylindo1e,vbenzo(h)quinoTine;

3-aminof1uoranthene; and ZQnaphthol; Later-et at., (1985) recommended

‘the use of dibenzo(def,mno)chrysene during the - standardization
process. A‘sample,of this sdbstance was not aVailab]e to us, so it was

replaced with a similar .compeund bénzo(g,h,i)pery]ene. This,

standardizatﬁon process indicated that best separation was achieved on

a]um1na deactivated with 1.5% water so we used s1m11ar1y deact1vated

_ a1um1na Samp]es' of coker d1st111ate 30@ .mg) were vseparate]y

d1sso]ved in a few mL of chloroform and app11ed to 7 co]umns of 3 g of
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deact1vated a]um1na After remova1 of the so]vent by means of a stream~

ot

of n1trogen, the alumina, W1th adsorbed sample, was app]xed to a l cm
i.d. chromatography co]umn containing 6 g of deactivated a]um1na

Fractlonatlon was performed by succesive e]ut1on w1th hexane (20 mL,

fract1on Al), benzene (50 mL, fractlon A2) ch1oroform (100 mL;

containing 0.75% ethanol as preservative, fraction A3) and 1% acetic
acid in methanol (200 mL, fracfion Ad4). | 4 ~

LT The ch]oroform.fraction'(A3),jootained from the chromatography_of

coker-distillate on alumina, was further fractionated by performing an

ac1d/base part1t1on Brief1yt 3. mL of the combined fraction‘ was .

diluted to 25 mb w1th chloroform and serfally. extracted with 3 X 25 mL

of 6N hydrochloric acid (HC1). -The upper HC layer was removed,

collected inua'ZBO"mﬂ Erienmeyer flask, cooled in an -ice bath, and
: . , : _ . _

basifi@y using 6 N sodium hydroxide (NaOH) to pH > 10. Following

extraction of the bas1f1ed solution with 3 X 25 mL of ch]oroform the
extract was-dried by passage through a 20 g sodium su]fate column, and
f.concentrated to 2 mL w1th the aid of a rotary evaporator and a
nitrogen evaporator.,Th1s extract (A3-base) contajnedustrong bases.
The  chloroform exiract, -containing adid/neutra] materia], was

similarly dried through a 20 g sodium sulfate column and concentrated

to 2 mL using a combination of rotary evaporation and nitrogen.

blowdown ‘to give extract A3-acid.

. A /
The diluted-bitumen sample (300 mg) was subjected to. an acid/base

partition pr1or to chromatography by d1sso]v1ng 300 mg of samp]e in 5

mL of chloroform and ser1a11y extractlng w1th 3 x 5 m of a]ka11ne

water [(pH >_11) The ch1oroform 1ayer was dr1ed by passage thxough a

12
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. A

- “soéium su1fate drying column and preconcentrated prior ,te aTumina
| chromatography"(fractioh, DB-B/N) The aqueous phase (ié mL)' was
- acidified to pH < 2 by the add1t1on of 6 N sulfuric ac1d and serially
‘;»;extracted with 3 x 5 mL of ;chloroform. After drying the ch]oroform

extract by passage through ‘a sodium sulfate column, - both the

chloroform (fraction, - DB-acid) and remaining water (fract{on, DB-

'aqueous)~{were preconcéhtrated to 5 mL with the aid of a rotary
evapotator. Seven aliquote of cdker-disti]]ate‘(300 mg per a]iqudt)
/Qere. Chromatographed on alumina and the four fracttonsv (A1-A4)
~ obtained were poo]ed and preconcentrated to 5 mL. Similarly, five
a11quots of d11uted b1tumen were subJected tg acid/base partltlon '
~ followed by.chromatography on alumina of the base/neutral portion (DB-

B/N) .~ A1l chromatographic fractions (Al-A4) as well as the “acid

extract (DB-acid) and the aqueous phase (DB-aqueous) were pooled and
concentrated to 5 miL..

v

. 2.3.3. -Acetylation of Fraction A4 ' ~

~ The methanol: acetic acid eluant (99:1), obtained from the

]

chfomatography of coker-distillate on alumina (fraction —A#), was

acetylated fo11owing the-procedure of Hargeehejmer et al. (1981). One
mL of'the fraction (in methenol' acetic acid 99:1) was transferred to

a 50 mL centr1fuge tube and 4 m1 of water ‘alang with 250 s of acetic

anhydrlde was added. After vortex1ng the mthure «for 1 ‘min, solid -

sodium bicarbonate (Fisher Scientific) was added and mixing continued

until the evolution of COz‘geased and an excess of sodium bicarbonate E

was apparent. The aqueoﬁs‘so1ution quzthen extracted with 3 x 1 mL of

13
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ch]oroform, the comb1ned*extract was dried by passage through a 1 g

sod1um su]fate co]umn and co]lected in a5 ml calibrated centr1fuqe

tube. Volume was - adqusted to 1.0 mi, with:the aid of .a nitrogen

eyaporator (fraction A4-acety1ated)._\§,)4 ?

2.2.4. Salmonel?a/m1crosoma] assay (Ames test)

¥ The- Ames test was conducted on all the fract1ons obta1ned as .

described above, using the protedure of Maron 4and Ames (1983).

A11quots of fract1ons (200 - 400 pL), obtained from the chromatography

of d11uted b1tumen “and coker- distillate (Al -Ad4), as we]] as the ac1d.

fraction of diluted-bitumen (DB-acid) and the acid (A3-acid) and base

.-~frection (A3-base) obtained from the. chloroform fraction (A3) of.

' coker-disti]late, were transferred to a 1 mL tared vial and the

so]vent was’ removed with the a1d of nitrogen. The-resu1ting residue

was we1ghed and reconstituted w1th 400 sl of 1,4-dioxane prior to'

assay~ In add1t1on, aliquots (10, 20, 35, and 50 pL) of coker-

d1st111ate,'and diluted-bitumen fract1ons were assayed u51ng tester

strain TA 98 with and without the addition of m1crosoma1 enzymes'

| (Aroc1or' 1254 induced rat liver homogenate, 9000-g fraction). The

aqueous ifractton '(DB-equeous) 'obtained from diluted-bitumen was
analyzed directly by assaying aliquots of the same size‘described;for
the chromatographic fractions. Qua]ity assurance was maintained by
following the recommendat1ons of Williams, (1985).' For example,
sponttneous reversion count tests wereiﬁe;?ormed in triplicate and
standard mutagens (pos1t1ve contro]s) were assayed in duplicate.

Method blanks were- a]sq assayed for fractions showing a mutagenic
f ' .



'responge; A ‘minimum of two b]ates per dose “were prepared as
'recpmmehdedf (williamé, IQQS)}, The standard mutagens emp1oyed ‘were
Ldeunom&cin ‘and.,benzo(a)pyrene. Solutions ' of bpth mutagens were
pféberedf in water and 1'4 dioxane respectiVe]y Datav reduction
followed the genera] procedures given by DeSerres and Shelby - (1979)

and W1111ams (1985)

2;2.5. Pmatobacteffum phosphorfum assay (Microtox feét)

Becteria] toxifity assays  were performed using a Microtox
toxieify analyzer. The”'analyZem, 1y9phi1ized luminescent bacteria
(Phbtobaéterium phosphoreum), and other aseayifeagents were subp]ied
by Microbics ~Operations of Beckman Instruments, Inc., Carlsbad,
California., The 1nstrument was equipped with a photomultiplier tube
located near a react1on chamber which -had an adJustab1e temperature
range of 10 to 25°C The ana]yzer was a]so equ1pped w1th a ten-well
incubator chamber wh1ch held the test temperature at 15 t 0.39C in all
assays. Light output was monitored using‘a chart recorder.

A1l Microtox bioessays were performed in duplicate using
pmeviously described pfoceduresi(Bulich et al., 1981 and Lebsack et.
al., 1981), and are summarized as follows. A]iqdbts (200 - 500 uxL) of
fractidns obtained from the chromafography of diluted-bitumen and

coker-distillate (Al-A4), as well as the acid fraction of dildted-

bitumen (DB-acid) and the acid (A3-acid) and base fraction (A3-base)
obtained from the chloroform fraction (A3) of coker-distillate, were

transferred to a tared 1.5 mL ampoule. Following -the removal of the

L
(%3

solvent with the aid of nitrogen, each residue was weighed. and



dwsso]ved 1n 50 - 100 pL of tetrahydrofuran (THF). The so]utioﬁ was
then quantitatively transferred to a 200 or 250 mL volumetric flask by
rinsing the ampoule with an additional 50 uL of THF *and diluting to
volume with distilled and deionized water. Method blanks for all
fractions were evaluated in the same fashion as the s%mp1e fractions.
In another set of experiments tared ‘residues obtained from the
fractionation of coker-distillate and diluted-bitumen (Al-A4, DB-acid,
DB-aqueous) Werevdiluted to 10 mL.With'disti11ed watgr and subjected
| to Microtox testing. Aliquots, (1.8 mL) of the aqueous solutions,
prepared from the fractions obtained from the chromatography of coker-

distillate and diluted-bitumen (A1-A4), as well as the aqueous

g

4

fraction derived from diluted-bitumen (DB-aqueous) and the acid (A3-

acid) and base fraéiion (A3—base)'derived from the chloroform fraction
(A3) of coker-dist1]1ate, were m{xéd with 0.2 mL of 20 percent sodium
chloride solution to yield an initial concentration of 90 percent. All
subsequent sample dilutions were made from this solution, using the
Microtox di1uent,'so that 45, 221§§p11;25, and 5.63 percent of the
original concentration were tested. |

The Microtox reagent (1yophilized bacteria) was reconstituted
Jith Microtox reconstitution solution, and 0.01-mL aliquots were

nsferred to cuvettes containing 0.5 mL Microtox diluent

quilibrated (about 10 min) at 15°C. Initiq] light measuréments were

suspepsion. Di]‘ent control and sample dilutions, equilibrated to 159C

{ in the incuBator wells, were added (0.5 mL) from the corresponding

ade threé\‘tﬂmes for each cuvette containing bacterial cell"

\tyvetteS/to the luminescent bacterial suspensioné. Light measurement§
~— }
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were then made by 'cycling cuvettes through thé turret, at 1-min
~intervals, for 5 to 15 min to obtain the final 1ight output readings
for each cuvette. The diluent ‘control (blaﬁk) was used to correct
time-dependent drift in samp]é light output:; The effective
concentration producing 50% light.reduction (ECgg) for all bioassays
was calculated using the initial, 5 min and 15 min light Tlevels
following the described method o% the manufacturer and Bulich (1982).
Data ‘reduction employed the gamma function (I') which is the ratio of
the amount of light lost to the amount of 1;;ht remaining. Details of
this data reduction process are described by Bulich (1982). The ECgg
values are expressed in milligrams pe; Titre (mé/L) for all fractions
tested. '
|

2.2.6. . Gas Chromatography ‘

Gas chromatography/flame ionization analysis (GC/FID), was
perfbrmed using a Hewlett-Packard (HP, model 5880) gas chromatograph.
Following the automatic splitless injection of 2 ul of sample onto a
30 m x 0.25 mm i~.d. fused silica capillary column (wa]-coated with
‘DB;S, 0.25 um film thickness, J&W Scient}fic), the oven temperature
was increased from 40 to 3009C at 2°C/min beginning 1 min after

- injection. The oven temperature was maintained at 3009C for 5 min and

thé injector and detector were maintained at 270 and 3009C

respectively throughout the entire chromatographic procedure. The
carrier gas was helium (linear velocity, 25 cm/sec at 300°C) and the
~injector purge valve was opened 30 sec after injection.

Gas chromatography/flame photomefric~ analysis (GC/FPD), was
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performed ysing a Tracor mo % 560 gas chromatograph. After the
splitless injection of 2 ulL of sample onto a 25 m x 0.3g mm i.d. fused
silica capillary column (wall-coated with SE-54,‘0.17 ] film
thickness, HP), the oven temperature was increased from 50 to 2500C at
10°C/mia beginning 1 min after injection. The oven temperature was
maintained at 250 °C for 5 min and the injector and detector‘rere}

maintained at 250°C throughout the procedure. The carrier gas 'was

helium and the linear velocity was 31 cm/sec at 250°C. The injector .

purge valve was opened 40 sec after injection.

18

Gas chromatography/nitrogen phosbhqrus detection (GC/NPD) was . .

performed using a HP model 5880 GC. Following the»splitless injection
of 2 ul of sample onto a 30 m x 0.25 mm i.d. fused silica ciplllary
column (wall-coated with DB-5, 0.25 um film thickness, J&W Scient:fic)
the oven temperature was increased from 40 to 300°C at 109C/min
beginning 1 min after injection. The injector and detector
témpe?atunes were maintained at 270 and 3009C respectively throughout
_the procedure. The carrier gas was helium, which maintained a linear

velocity of 25 cm/sec at 300°C, and the injector purge valve was

closed 30 s after injection.

2.2.7. Gas Chromatography/Mass Spectrometry

Gas - chromatography/mass spectrometry (low resolution), was
performed by interfacing a HP model 5890A GC to a HP model 5970
. quadrupole mass spectrometer. Injection\ZDf 2 ul of sahple (via a
splitless injector) was made onto a 12.5 m x 0.2 mm i.d. fused silica,

"wall-coated HP-1 capillary column obtained from HP. The carrier gas

r
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was helium (linears velocity was 35.5 cm/sec at 300°C§t and %he
temperature was increased from 40 to 3US§E at 10°C/min beginning 1 miﬁ
after injection. The oven temperature was maintained at 300°C for 8
min, and the injector, transfer'line and ion source were maintained at
250, 300 and 220°C respe;;ive]y throughdut the entire procedure. Data
was acquired, beginning 2 min after injection using a HP model 59970C
data system. M:ss spectfa] scans (from 35 to 350 amu) were obtained
ever; 1.36 seconds.

- Gas chromatograbhy/high resolution mass spectrometry was
/;erformed by igterfacing a Varian model 6000 GC with a Vacuum
Generators model 70E magnetic sectorm7;;;?\igsié;omefer. After the
splitless injection of 2 ul of sample onto a 60 mXx 0.25 mm i.d. DB-5
fused ,silica capillary lcolumn (film thickness 0.25 um, J&W
Scientific), the oven temperature was programmed from 50 tp 3000C at
39C/min and held at this temperature for 5 min. The iﬁjéétor and
source temperature were maintéined, throughout the procedure, at 310
and 260°0C respectively. Mass spectra]lscans were made over the range
of 50 - 600 amu at a rate of 1 sec/decade. Mass resolution was
adjustgd to 5000. The carrier gas was helium, which maintained, a
linear velocity of 35 cm/sec at 250°C, and the injector purge valve

was opened 30 sec after injection.

2.2.8. High Perfornaqu}Liquhi<1uxnatography N\

Analyses using high performance liquid chromatography (HPLC) were
conducted with a Waters (Millipore Corp., Milford, MA) high pressure

liquid chromatograph. The system consisted of two M 6000 pumps, a
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model 680 solvent programmer, a model 7108 autosampler, a mode1‘ﬁ50
variable wavgléngtﬁ detector and a model 420-AC fluorescence detecior.
The variable wavelength detector was set at 0.1 AUFS and the
wavelength was 254 nm. The fluorescence detector employed: a 254 nm
band pass excitation filter aqd a 365 wm long pass emission filter.
Attenuation was set to 8x. The detectors were configured in series and
the output was ‘monitored with a Fisher Recordal, model 5000 dual
channel 10 mv strip chart recorder. The column employed was a 4.6 mm
i.d. x 150 mm Vydac 201TP Reverse Phase with 5 um column packing
(Technical Marketing).

After the injection of 5 ul of sample (or dilutions theréof), the
‘solvent strength was increased linearly from 50% acetonitrl]e in water
to 100% acetonitrile, éver a 15 min time period. The gradient was
maintained at” 100% acetonitrile for 5 min before réturning to intial

conditions. The flow rate was maintained at 3 mL/min.

2.2.9. Infrared Analysis
The acid fraction derived from diluted-bitumen (DB-acid) was
subjected to an infrared (IR) scan using a Perkin-Elmer, model 457,

grating, infrared spectrophotometer. The sample (175 mg/200 uL of

chloroform) was placed in a 0.25 mm NaCl cell and scanning intiated

from 4000 to 800 cm-l. The scan speed was medium and the slit set at

normal. The spectrum was recorded on IR chart paper.

2.2.10. Materials

Normal paraffinsg (Cy - Cap) were obtained neat from Supelco. A
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Iolutjon céntaining these paraffins was prepared fin dichlorgmethane
and used to monitor for the presence of these compounds in samples.

A similar kit containing #1ky1-shbst1tuted phenols was also
obtained” from Supelco and solutions containing these substances were
prepared in dichloromethane.

A solution containing known concentrations of priority pollutaq}
phenols was obtained from the United States Environmental Protectidn
Agency Quality Assurance Repository in Cincinnati, Ohio. This solution
was acetylated as described in section 2.2.3. and analyzed by GC/MS.

- Polycyclic aromatic hydrocarbons (PAH) were obtained from the
United States Environmeﬁta] Protection Agency, Quality Assurance
Repository in Cincinatti, Ohio. Sub3tituted naphthalenes were obtained
from Aldrich and reported to be greater. than 99% pure. A solution
containing PAH in dichloromethane was prepared and used to monitor for
their presence in samples.

Fourteen isomers of dimethylquinoline (table 2-13), as well as 3-
ethylquinoline were synthesized jn the University of Alberta Chemistry
Depa;kment using the procedure of Manske et al., (1942): Purity of the
compounds was determined by gas chromatogr?phy/f]ame ionization
detection (GC/FID) and gas chromatography/mass spectrometry (GC/MS)
and found to be greater than 97% for all compounds excep£ 7,8-
dimethylquinoline and 3,8-dimethylquinoline which were observed tp be
69 and 94% pure respective]x. o

Solvents were distilled in glass (Fisher); tetrahydrofuran had to

be fractionally distilled prior to use.
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2.3. Results and Diécusg}on
2.3.1. Chromatography of Model Compounds and Samples

Chromatographic separation of . model compounds on 1.5% AIE&W)
deact{vated alumina is i11ustrate? (table 271). From this table it is
apparent that saturated hydrocarbons (e.g. n-pentacosane) are confined
exclusively to fraction Al; polycyclic aromatic hydrocarbons (PAH)
(e.g. phenanthrene and benzo(g,h,i)perylene are confined exclusively
to fraction ‘A2; polycyclic aromatic nitrogen heterocycles (PANH) (e.g.
2-methylindole, benzo(h)quinoline, and 3-aminofluoranthene) are
confined excﬁusively to fraction A3;jand hydroxy polycyclic aromatic
hydrocarbons (HPAH) (e.g. 2-naphthol) are confined exclusively to
fracti%n A4. This selectivity 1is consistent with the proper
deactivation of this adsorbent (Later et al., 1985) andﬁxﬁe excellent
recoveries of the model compoﬁnds provided further confidence in this
separation method.

The calculated mass balances for the various chromatographic
fractions obtained from diluted-bitumen (A1-A8) are listed in table 2-
2. Total average recovery of the base/neutral component was 63%. This
Tow recovery was &thrigutedﬁto the loss of volatite diluent naphtha
during the solvent evapofation step. This was later confirmed Dy
weighing an aliquout of diluent-naphtha and gently concentrating it to
constant weight with nitrogen. Thirty to forty percent losses in

weight were observed by this process.

o
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'?,coker d1st1]1ate are g1ven in table 2-3. A mean recovery 0

S ”"fbas1c mater1a1 and 2% (W/W) strong]y basic material.

The ca]cu]ated mass ba]ances obta1ned dur1ng the fract'onat1on of

106% (w/w)- :

for the fract1onated samp e was observed fIt is a]so of 1nterest to

note that fractlon A1 wh1ch contalns saturates, comprlses 3BA (w/w)‘;

,’fOf the samp]e, dnd the HAH and PASH fract1on (A2) compr1ses 44% ( W)

In order to ver1fy the chem1ca1 c1ass separat1on

”h%,fsamples such as d11uted bltumen and coker d1st111ate, ractions (Al-

5assoc1ated w1th the presence of saturates (v1a GC retent1on t1me ‘arei

- figure 2-2f Very sma]] oeaks assoc1ated wrth these compounds werep

‘2 3 are the GC/FID chromatograms obta1ned for fractions Al A3 der1ved

fffrom diluted-bitumen. Other’than those from fractlon AL (f1gure 2'1)

7'M'Very"few” prominént chromatograph1c peaks - arev’evident GC peaks'n

- shown in f1gure 2-1 Very few saturates are observed to be present :

<GC peaks aSSOC1ated with the presence of speC1f1c PAH are shown in’

- 7
e

-observed. o - T

F1gures 2- 4 to 2- 6 are GC/FID chromatograms for fract1ons Al A3”)

~der1ved-from coker-d1st111ate The presence of many GC peaks in a]]

,fractions is apparent Fract1on Al (f1gure 2- 4) is dom1nated by'

saturate mater1a1 as ev1denced by the presence of GC peaks with

:s1m1]ar retentlon t1mes to authent1c n- paraff1ns Saturates from C7 to -
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.C24 are ev1dent Fract1on A2 (f1gure 2 5) conta1ns ma1n1y PAH mater1a1"’f'



nas ev1denced by the presence of GC peaks wi h retent1on‘t1mes similar

to those of authentic PAH. Fract1on A3 ( 1gur 2-6) a]so conta1ns many
GC peaks, in contrast to the very few pe%ks observed in the equ1va1ent
'fract1on A3 - obta1ned from diluted- b1tumén (Figure 2- 3)

F1gures 2-7 to 2- 9 are GC/FPD chr?matograms ‘of fractions _A1-A3

der1ved from diluted-bitumen. 0n1y fraction Al (f1gure 2 7) is rich in

xcomponents o W y

F1gures 2 10 to 2 12 are GC/FPD chromatograms of fractions Al-A3

derived- from coker d1st111ate A comp]ex mixture of su]fur conta1n1ng

compounds is apparent in fr&et1on‘A1 (figure 2-10) This chromatogram

c1ear1y represents Tow molecular weight su]fur cbnta1n1ng compounds,

’ the chromatogram is devoid of GC peaks after 13 min. The}chromatograms

of fract1on A2 (figure 2-11) was comp1ex Th1s fract1on conta1ned high
‘ mo]ecm\ar we1ght material as- eV1denced by the presence of GC peaks
w1th long retention times. Fract1on A3 (figure 2- 12) conta1ned very
few GC peaks.

| |
GC/NPD chromatograms of. :fractions Al- A3 &Er1ved fnom d11uted—
L4

bitumen, and fractions Al-A2, derived from coker- d1st1]fate§!?,;
“provtded in figure 2e13aivery few GC peaks are apparent:;Figure 2-14

is a GC/NPD vchromatogram,.of-_fraction A3,' derived from coker-

distillate. A complex chromatogram, simt1arvin profile to thef GC/FID

, chromatogram obtained for this'fraction (figure 2-6) is apparentf

The HPLC/UV and HPLC/FLUOR chromatograms for fract1ons ”f¥A4

obtainad for d11uted b1tumen are. prov1ded (f1gures 2- 15 -to 2 18).
.'F1uoresc°nt and Uv- absorb1ng material is ev1dent primarily in fract1on

VA2 (f1gure 2 16) and fract1on A3 (f1gure 2 17), a mJn1mum 05 19 pg of
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materiel nad to oe injected on eo1umn'in’onder to elicit a fluorescent. .
response. _ - ’ | L3 T

7 F1gures 2-19 to 2- 22 are HPLC/UV and HPLC/FLUOR chromatograms of
ffract1ons Al-A4: obta1ned for coker- d1st111ate Fluorescent responses
. i_(20-30} %-‘fu11 scale deflection, . FSD) were observed primari1y"in B "sj‘
fraction A2 (figure 2-20) “and fraction A3 (fiéure 2-21) ‘after “the |
injection of 2.5 to 3 3 ] of sample. A fluorescence response (40% .

[
FSD) was also observed for fract1on A4; however 88 ug of sample had to L

be 1n3ected to elicit th1s response ' ' Y 4 _

| The fo]]ow1ng conc1u51ons can be reached after review of the
1nformat1on contalned 1n f1gures 2-1 to 2-22.

1. D11uted b1tumen conta1ns very little gas- chromatographqbke

4 material, 1adhcat1ve of 1ow 1eve]s of saturates, PAH, PASH PANH an&§z
HPAH. This conc1u51on ar1ses from the observed 890r GC/FID GC/FP;
_GC/NPD, HPLC/UV and HPLC/FLUOR responses. GC/FID ena]ys15'd1d reveal
.itne 1ikely presence . of satu?ate material (Cy - Cyq) in ffaetion Al
/(figure 2-1) and this finding is consistent witn the low boiling range
of diluent naphtha which compr1ses 50% ?w/w) of this samp]e Chem1ca1’
characterist1cs of diluent naphtha are descr1bed 1n tab]e 2-4. The
| volatility of dJ1uent-naphtha 1s/also responsible for the poor massv
ba1ance obta{ned for the'ehromatOQYaphic'fractions (Al A4) Although a

GC/FPD response 'was obtained for fraction Al (f1gure 2 7), the absence

of a strong f]uorescence response for th1s fraction (f1gure 2-15) -

discounts the presence ?f PASH. The presence of su]fur-conta1n1ng:;'t
compoundsvfs expected since diluent naphtha contains_lo'yg/g‘su1fur

“(table 2-4). The absence of asGC/NPD‘respdnseisuégests very Tittle



material is péesﬁkﬁ T

’PANH to be Present in d11uted bltumen and

-

(,#ure 2- 18)
;s

response fdr act1on A4

)

JIn stark contrast, analysis

classes of compounds. Sifurates are present

4) because the GC . retention times of select
aUthenticfn-paraffins.‘The presence of PAH

1nt1a11y surm1sed from the GC/FID (f1gure

of ,coker-disti]]ace

v

the very weakefluorescent

by GC/FID,

GC/FPD, GC/NPD, HPLC/UV and HPLC/FLUOR revealed the presence of many

peaks agreed with these of
and PASH in fraction A2 was
2-5), GC/FPD (figure 2-11)

suggests very little HPAH

in‘fraction Al (figure 2-

“and HPLC/FLUOR

Jdent fications

(flgure 2-20) responses for this fraction, and

confirmed by direct compar1sons of chromatograph1c retent1on t1mes
with those of authentic PAH, and by corre1at1ng retent1on t1mes with
those of components in fraction A2 (f1gure 2 5) The presence of
vo]at11e su]fur contﬂnnng compounds in fract1on Al (f1gure 2- 10)

not unexpected Coker naphtha comprises 33,3% (w/w) of the sample and

contains 1.79% (w/w) su]fur (table 2-5). The

|
fraction A3 is suggested from the GC/FID (figure'2—6)

presence of PANH in
GC/NPD (figure

14) and HPLC/FLUOR (figure 2-21) responses for this fract1on The
51m11ar profile obtained for both the GC/FID (f1gure 2-6) and GC/NPD

(f1gure 2- 14) chromatograms suggests.a n1trogen enriched fraction. The
_p051t1ve fluorescence response for fraction A4 (f1gure 2-22) suggests

the presence of HPAH. This was confirmed by reanalysis of fract1on A4k

after acetylation (fract1on A4 acetylated) using GC/MS Th1s analysis

revea1ed the presence of substituted phenols and naphtho]s Structural'

of pheno]s' and naphtho]s were made by direct

comparisons of their mass spectra with those of authentic'reference~
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compounds. A tota1 ion chromatogram for fraction Aq-acetylated

(der1ved from coker distillate) is shown in. f1gure 2- -23. A summary of

the mass spectra obta1ned for fraction A4 is prOV1ded in Table 2-6.

The comp]exity of coker- d1st111ate is not unexpected s1nce a

™

review of the chemical ‘properties of coker naphtha (table 225) and

coker gas-oil (table 2-7) reveals high levels of S and N and simu]ated

dlst111at1on curves suggest that most of the mater1a1 is suff1c1ent1y

avolat1le for gas chromatographlc analys1s On the other hand a

review of. the chemical pro erties of diluent- naphtha (tab]e 2-4),andr

thumen (tab]e 2-8) a]so revea]s h1gh levels bf S and N. In this
instance, the simulated d1st111at10n curves 1nd1cate ‘that the naphtha

component is 11ke1y the most vo]at111e, and that the bitumen portion
is-the 1east vo1at17e L ?
o

F1gure 2-24 is the IR spectrum obta1ned from diluted- b1tumen and
represents the acid fract1on (DB acid). Th1s spectrum is s1m11ar to
that obta1ned by Zenon (1986) and MacK1nnon and Boerger (1986) and has
been attr1buted to the presence of naphthenlc acjds

L l 2 j |
2.3.2. Microtox Assay ‘ g

A summary ofs the Microspx results is presented in table 2-9.
From. this table it is apparent that the most toxic fractions are A3
and A4 derived from coker- d1st111ate and fractxons A4 and acids (DB-

acid) der1ved from d11uted bltumen It is 1nterest1ng to note that the

v5 -min ECgq values obtained for aqueous so]ut1ons of coker- d1st111ate

and. d11uted b1tumen differ 51gn1f1cant1y frgm .5—m1n EC5o values

_ . f
obta1ned us1ng a sqlvent. carrier (1,4-dioxane). Furthermore,
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fractionation of A3 derived from cokeredisti11ate'into-acid/neutrai»

i(A3 acid) aud strongly [ b sic (A3-basic) components revealed :a

,enhanced toxicity of the basic component The toxicity associated with

-the ac1d fraction of diluted- bitumen (DB- ac1d) is not surpr151ng since
simi]ar findings have been reported by MacKinnon and Boerger (1986).
These researchers - identified the 'toxic acidic compounds to be
_naphthenic- acids The presence of naphthenic acids in this fraction
was confirmed by comparing an IR spectrum obtained for this fraction

IS

to that published by Zenon (1986) and MacKinnon and Boerger (1986).

The observed toxic tespod/e for coker-distillate fraction A4 is a]so
not unexpected since the presence of phenols is known to elicit a
toxic response with the Microtox test (Lebsack et al., 1981). The
presence of phenols was confirued in fraction A4 derived from coker-

distillate by -GC/MS analysis (table 2 -6).

. Quality control on all Microtox tests was maintained by repiicate_

testing of an aqueous so]ution of hexach]oroethane The mean 5-min

ECgpg ~was determined to be 0.31 mg/L (n = 16). This value agrees

reasonably well with the value of 0.14 dg/L’reported by Curtis et al.,

(1982).

, | -
2.3.3. Salmonella/Microsomal Assay (Ames Test)

) Gehotoxicity resuits obtained with the Ames test are summarized
in table 2-10. MOtagen1c1ty was - observed for fractions A3 and A4

derived from coyer distillate. A linear dose response (r2 =,0.83—

0{86) vas observed for'replicate assays of fraCtion A3 and a linear-

dose response (r2 0.86 - 0.96) was observed for replicate assays of
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fraction A4. These reghessions were obtaihed’by plotting the observed

revertants against three different extract doses and -ihe control.

Although four extract doses were vintia11y applied, toxicity was
~observed at the hxghest dose and therefore data for this dose was not
1nc1uded in the analysis. Response for the lowest dose was 2 - 12 fo]d
higher that the spontaneous revertant count." Direct-acting mutat1on
was observed %or both of these fractions. Using linear regression

analysis, 10 mg of fractioh A3'extrapo1ated to 464 - 776 revertants,

.and 1 mg of fraction\'A4; extkabo]ated to 150 revertants. The mean

\ .
spontaneous reversion count (n = 6) was 16 revertants per plate.

Fractionation of cdker—disti]]ate A3 into acid/neufral (A3—acid)
and basic material YAé-basic) followed by retesting revealed a linear

dose response for A3-acid (r2 0.96) and a similar response for A3-

basic (r‘ = 0 98). The Tinear regression ana1y51s for the_

acid/neutra] (A3-acid) samp]es was obtained by p]ott1ng the observed
revertants . against four dlfferent extract doses and the contro] ih
- duplicate. The same- analysis for the basic fract1on (A3 ba51c) was
obtained by plotting observed revertants against three extract doses

and the control. Initially four extract doses for A3-bas1e¢ were

applied but, the largest dose was toxic and the data forjthﬁs,GOSe

.was not inc]uded in the analysis. The number of revertants~hbserved

for the - 1owest dose was 3 - 10 fold higher than the spontaneousﬁ

revertant count Us1ng ]1near regreSSTOn analysis, 10 mg of fract1on

A3- ac1d was extrapo]ated to 670 revertants, whegeas 1 mg of fraot1on :

A3-basic was extrapolated to 2390 revertants. The ac1d/neutra1 (A3-

t::l

acid) material was observed to beu direct act1ng whereasﬂ the basic -

L
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. i
material (A3-basic) required liver activation.

The results summar1zed in tab]es 2 9 'and 2- 10 clearly show that
fraction A3 der1ved from coker-distillate is both acutely lethal and
genotoxic. Furthermore basic components (A3- bas1c) jsolated from this
fraction are significantly more lethal and genotox1c than the original
fraction (A3). In the interests of identifying the components
responsible, for this observed toxicity, the basic fraction (A3;basic)

was subjected to ana]ysié by high resolution GC/MS.

Quality controljgor the Ames test was maintained by including

standard mutagens, ely daunomycin and'benzo(a)pyrene in the assay
procedure. Using linear regression analysis, 1.0 ug of benzo(a)p{;ene
extrapolated to 171 - 190 revertants. This response was consistent
wifh that” reported by Maron and Ames (1983) who showed that 1.0 ug

produced 143 revertants. Our observed response for daunomycin was

significaht1y higher than that reported by Maron and Ames (1983). Six

ug of daunomycin produced over 6000 revertants in our test whereas
Maron 4nd Ames (1983) reported jUst “over 3000. Although our

spontaneous, revertant eeunt was low (mean = 16 without liver

[

P

homogenate (S9), n = 6) relative to that suggested by Maron and Ames
(1983) (mean = 30 - 50 without S9), our responses for standard
mutagens were generalﬁ;\higher than those reported by Maron‘and Ames
(1983). Therefore, the test was judged to be providihg meaningful
data. Linear dose responses were observed for daunomycih and
benzo(a)pyren@ with -correlation coefficients (r2) of 0.98 and 0.94,

respectively.
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2.3.4. Gas Chramatography/Mass Spectrometry Analysis

Figure 225 is a total ion chromatogram obtained for the basic
fraction obtained from coker-distillate (A3-basic). A complex
chromatogram containing many GC peaks is apparent. High resolution
ﬁass spectra were retrieved and mass assignments made. This
information is summarized in table 2-11. Compounds identified in this
fraction ‘include substituted® quinolines and nitrogen-containing
po]ycyq]ié aromatic hydrocarbons (PANH). Proposed chemical structures
for the PANH are shown in fﬁgure 2-26. It is récog;ized that many
chemical isomers are possjb]é and that the positfon‘of‘the nitrogen
heteroatom is not necessarily corfect. Reanalysis of this fraction by
GC/Tow resolution mass spectrometry - generated the total ion
chromatogram shown in figure 2-27. Iph histograms characteristic of
the combounds identified by GC/high feso]ution mass spectroﬁétry‘are
shown in figures 2-28 and 2-29 and confirm the presence of substituied
quinolines and substituted PANH. Figure 2-30 is a total ion
chromatogram obtained for the basic compounds p;esent in cdkgr-
distillate fraction A3 (A3-bagmic). The total ion chromatogram focuges
on the retention time window 9 - 13.5 min. A complex chromatogram is
apparent as evidenced by‘the presence of ma;y GC peaks. A selected ion

chromatogram for m/z 157 (indicative of dimethyl- or etﬁquuinoline)

over the retention window 10 - 14 min was obtained (figure 2-31).

Mass spectra were obtained for the peaks appearing in thistwindow and
are summarized jn table 2-12. For reference purposes, fourtébn of the

21 possible dimethylquinoline isomers were analyzed by GC/MS and their

retention times and mass spectra were recorded. This information is -
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Summarized in table 2-13. ’
/ Comparison of the data in table 2-12 with those in table 2-13
reveals that the retention times and mass spectra obtained for
authentic dimethylquinolines generally match the data obtained for the
dimethylquinolines in the sample. In this way,- it is concluded that
tﬁ; most abundant GC peak present in figure 2-31 is that of 2,4-
dimethylquino)line. Identification of other isomers was not as
successful because mass gvectra and/or retention times did not match
precisely. Co-elution of other material is certaintly one reason why
perfect matches could not be achieved. The fact that only 14 of a
pos;ible 21 isomers of dimethy]qhino]ine (Manske ét al., 1942) were
available to us contributes to tHe difficulty of unequivocal
identification ok.dimethquuinolines in the PANH fraction. It is %150
possible that man< of the observed spectra in our-sample are those of
*substituted isbquino]ines which have mass spectra similar to
substituted quinolines (Sample et al., 1967). In any.event it is clear
from the observed mass spectra and similarity of retention time to

authentic material that the basic component derived from coker-

distillate fract#on A3 (A3-basic) contains dimethylquinolines.

‘\§x4\ Conclusions

\ Chemical fractionation of diluted-bitumen and coker-distillate
fo1;2¥ed by bioassay using the Ames test and the Microtox test
revealéd thatr;both petroleum samples were toxic. Both the acid
fraction (DB-acid) and fraction A4 derived from diluted-bitumen were

shown to be toxic when assessed by the Microtox test. The toxicity
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associated with the écid fraction (DB-acid) was attributed to the
presence of niphthenic acids since an IR spectrum for this fraction
was similar to that obtained for such acids by Zenon (1986) and
MacKinnon and Boerger (1986). These researchers isolated this toxic
fraction from tar sands wastewater. The toxic components in diluted-
bitumen fraction A4 are unknown.

Significant toxicity was observed for coker-distillate fraction
A3 and A4. Both fractions revealed significant acute 1eth?{ity as
measured with the Microtox test and significant genotoxicity as
mea;ured with the Ames test. The Ames test revealed the presence of
direct-acting mutagens in both fractions. Analysis of fraction A3 by
GC/FID, GC/NPD, and HPLC/FLUOR revealed the dominate presence of PANH.
HPLC/FLUOR analysis of fraction A4 revealed the presence of HPAH. Both
findfngs were confirmed by GC/MS. Fraction A4 was found to contain
substituted phenols and naphthols and fraction A3 was found to contain
substituted quinolines and PANH. Further fractionation qf A3 into
st;gng]y basic (A3-basic) and acid/neutral (A3-acid) material fdl]owed
by further biological testing revealed enhanced genotoxicity by four
fold foc;thg basic fraétion (A3-basic) and énhanced'acute lethality by
two‘ﬂgi&h ﬁjgh resolution mass spectrometric analysis of the basic

v
fractiog oevealed the presence of substituted quinolines and PANN. The

presence of dimethylquinolines was confirmed by comparing the
spectr; and retention‘time of 14 authentic chemical standards td the
sample. ’

The observed acute lethality for fraction‘A4 is reasonable since

phenols are toxic to Photobacterium phosphorium (Lebsack et al.,
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1981). The observed mutagenicity may be related to the presence of
substituted naphthols. Substituted phenols and naphthols were detected
in this sample. 3

The observed toxicity for fraction A3 is not unexpected since
PANH have Qgen reported to be toxic (Sidu and Blair, 1975 and Schuftz
et al., 1982) and mutagenic (Ho et al., 1979, Hirao et al., 1976, aﬁg

Dipple, 1976). For example, quinoline and all of its monomethy\

isomers were found to be mutagens in the Ames Salmonella assay (Dond

et a7., 1978). Basic PANH separated from synthetic crude oils havei

also been shown to be mutagenic in the Ames test (Rubin et al, 1976
and Rao et al., 1979). Basic PANH which have been isolated from oil-
shale, coal-liquefaction and coal-gasification procésses, and elicited
a mutagenic response with the Ames test, include 2-aminoanthracene,

acridine, a-naphthylamine, 2,5-dimethylaniline, quinoline, 7-

methylquinoline, 8-methylquinoline, 8-hydroxyquinoline, 8-

aminoquinoline, and 8-nitroguinoline (Epler et al., 1979 and Epler et
al., 1978). Derivatives of acridine were among the PANH identified in
A3-basic by high resolution mass spectrometry.

Although the presence of PANH \hasf been largely restricted to
coker-disti1]ate, as evidenced in this research, and represents less
than 1% of coker-distillate on a weight basis, the extreme toxicity of
these materials is cause for concern. The relative water solubility of
these compounds and their extreme toxicity could cause serious
envirormental consequences in L\,‘.14,;C1’denta1 spills. Birkholz et al.,
(1987) found that the major water soluble components of coker-

distillate fractions accidently spilled into the Athabasca river in
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1982 were substituted quinoline and acridine. Further studies on the
toxicity of substituted quinoline and acridine and a study on the
uptake and elimination by aquatic organisms of these materials should
be conducted in order to fully understand the environmeﬁta] impact of

these compounds if released into the environment.

~g -
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phena,ﬁ;hrene | ‘.....,’;.\ _

- Table 2-1,"

 STANDARD

.

‘n-pentacosane

behzo(g h 1)pery1ene'f*

,Standardlzatlon of . Alumlna for the Class Separatlon'.
: of Polycyclic Aromatlc Campounds ' = &

' :
1 - . . e
. .('g R

éLAﬁS&"‘

Lo
FRACTION » RECOVERY
P (%)

. saturates”

‘ _BAH/PASHl _
a2 CETT oy s PAH/PASH

‘. . : . L ’ ) : . ‘.“.,_ A I 4

- pant

A 2 5

~ PANH

LY

PANH %

_HPAH1

nitrogen

Ll

: 1 abbrev1at1ons “
- po]ycyc11c aromatic su]fur heterocyc]es,

- PAH:
PANH: polycyclic aromat1c

po]ycyc11c aroma§1c hydrocarbons, PASH
heterocyc1es, ~and"  HPAH:. hydroxy po1y;y;11c aromat1c

hydrocarbons AR  .‘f,‘ S fo e .
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Table 2-2  Mass Balance for Diluted-Bitumen

[
-
i

FRACTION Al A2 . A3~ M Acdd  Total

WEIGHT % 17 23 14 6.6 | 0.63 62
" 20 18 - 15 87 ol . 62
17 2l 14 . 12 . N 64

& T

- ‘ %ﬁ- S
g
vy
e
&

1 abbreviation - ND: not determined
S R C v :




"FRACTION

WEIGHT %

' Table 2-3  Mass Balance ﬁgf;ffffffbistillate ~

: "7...‘ e ‘(e

) _ ‘ o 2T
FRACTION a1l A22 pd §§{§§ Total

. ] 7 -‘,w i }-’,‘ .
WEIGHT %~ 37 43 | 6.6/,// 28 s
39 4 63 18 108
- : 7 '
ct: I & 6.4 - 81 . . 95
A3

Acid/Neutra16‘

97.1 - 98.3

Fraction Al contains saturates

Fraction A2 -contains polycyclic aromatic hydrocarbons - and
polycyclic aromatic sulfur heterocycles o

Fraction A3 contains pblycyc]ic"aromatic nitrogen heterocycles:
Fraction A4 contains hydroxy poiycyt]ic aromatic hydrocarbons

Bas1c A3 fraction contains strong]y basic po]ycyc11c aromat1c
nitrogen heterocycles

f’\\ | S

polycyclj

Ac1d/neu7£ fract1on of A3 containsfwhéutra1_ or acidic.

aromatic nitrogé€n heterocycles

Ly
EYR AN
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Table 2-4 Properties of Diluent Naphthal

S_pecific gravity | 075 ’
; Sulphur 10 ppm (w/w) o : ~y
Nitrogen . ‘ | 1 ppm (w/w) ‘ ‘_ |
X '.Broh{ne number ' 0 g/100 g
S’im/u\ated Dis"cﬂ]vation' ¢y | 3
. . C ,1;:,‘
| - (TBPZ - OC)
18P2 o : 59
5%  6d
0% L | 83
- 30% | BN | 98
W~ |
s0% - 116
% 0% | | 135
N "~ 90% | 160
w 9% . 169
. oFe2 | ' R V-
0- . ' ' |

B

1 Data provided by Syncrude Canada Ltd.

erabnk,ewatqons .- TBP: boiling. point temperature in degrf“ees
@lsius; ~IBP: intial ‘boiling point temperature in degrees
¢ stss and FBP: fma] boﬂmg pomt temperature in degrees
eraus "e;a, S

N \w'! B L ‘ . ‘ : v B ,J
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. Table 2-5 Propertles of Coker Naphthal

'Dens1ty (209c) 0;8038 g/cc

Su1phur C 1,792 (wt%)
Nitrogen 175appm (w/w)
‘Bromine number 76 g/1Q0 g
Simulated Distillation | . -
- (TBP2-0()
18p2 59
e . 64
. . Y
10% - - 83
30% . B N
50% . . 116
70% R 135
90% o 160
s | 169
B2 | 175

1'Data'providewby Syncrude Canada Ltd.

2 abbreviations - TBP: boiling point temperature in degrees
o Ce151us, IBP: intial boiling point temperature in degrees
CeTsius; and FBP: final boiling po1nt temperature in degrees -

Celsius. U : - .



Table 2-6 Gas chrmaatography/mass spectranetry analysis of
‘ ﬁoker—Distlllate fraction A4

Retention ~ Condensed Méss‘SpeC'Era -~ Identification

Time ‘ ' m/z(relative abundance)

~(min) . :

6.172  94(100), 43(25), 136(15), 39(14), " phenyl acetatel
.215  108(100), 107(97); 77(37), 79(35), 90(24), 80(18) o-cresoll ‘
.558  107(100), 108(74), 79(32), 77(26), 39(16), 80(14) p- -cresoll
.364 108(100), 101(36), 43(26), 77(14), 79(11), 90(10) 0- or m- methylpheny1 acetate?
.508  107(100), 122(40), 77(32), 79(14), 39(10), 51(10) o-ethylphenoll .
.661 7 107(100), 122(85), 121(48), 77(30),.91(20), 39(15) 2,4-dimethylphenoll
.698  107(100), 122(88), 121(42), 77(30), 79(18), 91(18) 2,5-dimethylphenoll
770 108(100), 107(42), 43(21), 150(18), 77(14), 79(12) a methylphenyl acetate?
.842  108(100), 107(48), 43(22), 77(151), 150(14), 79(8) a-methylphenyl acetate?
.976  107(100), 122(76), 77(38), 43(36), 121(30), 39(21) a dimethylphenyl acetate?
.083  107(100), 122(74), 77(27), 121(26), 91(19), 79(17) 2,3-dimethylphenol} -
.537  107(100), 122(82), 43(26), 164(19), 77(14), 91(9) a dimethylphenyl acetate?
.880  122(100), 107(48), 121(22), 43(2b), 164(18), 77(17) a ethylphenyl acetate?
.938  122(100), 107(58), 121(24), 43(22), 77(16), 91(12) 2,4-dimethylphenyl acetate!
.082  122(100), 107(94), 43(26), 77(20), 164(18), 121(12) a dimethylphenyl acetate?

WO WO W W WIO ~N ~N N NN NN oo,

.265  107(100), 122(85), 43(18), 164(14), 77(14), 121(10) -a dimethylphenyl acetate?

9.696  122(100), 107(74), 121(25), 43(18), 164(15), 77(14) a dimethylpheny] acetate?

10.268 121(100), 136(56), 43(22), 91(15), 77(14),-122(13) a ethylmethylphenyl acetate?

T0.460 136(100), 121(95), 43(25), 91(17), 178(17), 77(14) a trimethylphenyl acetate?

10.578 107(100), 136(44), 135(27), 43(19), 134(14), 108(14) a propylphenyl acetate? &

13.284 144(100), 115(38), 116(24), 150(24), 43(20), 186(14), 1-naphthyl acetate?

. 13.522 144(100), 115(30), 149(28), 186(14), 43(12), 116(8) 2-naphthyl acetate?

14,511  158(100), 164(52), 128(22), 163(22), 43(17), 200(14) a methylnaphthyl acetate’

14.868 158(100), 164(26), 163(26), 157(26), 200(20), 43(18) a methylnaphthyl acetate

15.080 158(100), 157(32), 200(19), 128(18),,43(16), 163(15) a methylnaphthyl acetate-
: 0 | |

1 identities confirmed by comparison with authentic materials =

-

.2 mass spectrum compared to authentic unacetylated subst1tuted phenols
along with deductive reasoning.



Table 2-7 Properties of Coker Gas-0ill

@

- Specific gravity 0.97
Su]phur‘ 4.25 wtﬁ%
Nitrogen , | 0.24 wt %
Bromine number : 31 g/lOO'g
Aniline point , 380C
>
Sjmulated Distillation A
, (TBP2 - O()
1BP2 : 207 .
. 5% o 247 -
10% | | 270
30% < ‘33‘;‘0 SN
50% R 379
70% . o
'0% ' 505
L. 959 ﬁ | 531

1 Data provided by Syncrude Canada Ltd.

. 2 abbreviations - TBP: ¥oiling point - temperature in degrees Ce]s1us,‘
~ IBP: intial boiling point temperature in degrees Celsius

i
:



Table 2-8 Properties of Bitumen!
Specifié gravity 1.01
Sulphur 4.8 wt%
Nitrogen ’ 0.45 wt%

Simulated Distillation

(TBPZ - OC)

18p2 RV,
5% 260
10% | T 307
30% - 437

. R [ 4
50% - 529
70% . 608

1 Data provided by Syncfude Canada Ltd.

2.abbreviations - TBP: boiling point temhe ture in degrees Celsius;
 IBP: intial boiling point temperature in d€grees Cesius.



Table 2-9 . Microtox Results for Coker-Distillate and Di/*\q~Pltumen

r

ECsol (mg/L) |
FRACTION A1 22 A2 ae2 AcID?  HYDZ M pASR2  p3-aci0?

Coker Dgst. 3573 1393 108 49.8
Aqueous

Coker Dist. 14.8 19.0 3.04 5.89
Aqueous with
1,4-dioxane 31.6 18.3 4.33 16.4
carrier :

L 15.2 g 24.2
24.4 o Y SV
20.4 \ A 15.8
Diluted Bit. 2224 1792 1994 229 172 NTS
Aqueous

Diluted Bit. 10.7 13.7 14.8 5.69
Aqueous with .
1,4-dioxane 20.2 22.6 16.1 12.8 - 4.89 NT

1 ECgp: that concentration which inhibits luminescence by‘é0 per"cint

2 Fraction Al contains saturates; A2 contains polycyclicq é%@matic hydrocarbons
and polycyclic aromatic sulfur heterocycles; A3 contaip] ; po Ytyc]ic aromatic
nitrogen heterocycles; A4 contains hydroxy polycyclic aromy , ¢ NyQrgcarbons; ACID
contains acidic compounds such as carboxylic acids; HYD 6\nta1ns hydrophillic
‘compounds; A3-BASE  contains strongly badic po]ycyc11 aromat1c nitrogen
heterocycles, and.A3-ACID contains neutral and/or acidi’ 00 Tycyclic aromatic
nitrogen heterocycles.

3 Coker distillate fréctions dissolved in water

4 Coker d1st111ate fractions dissolved in water with carr1“A salvent 1 4-.dioxane
(150 ubL solvent’ per 200 mL water)

5 NT means non-toxic

6 Diluted bitumen fractions dissolved in water
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Table 2-10 ~ Ames Test Results for Coker-Distillate and
1 Diluted-Bitumen

Coker-distillate - Al NO EFFECT Max. appl. /plate = 4.4 mg
Coker-distillate- A2l NO EFFECT Max. appl. /plate = 6.1 mg
Coker-distillate - A3l MUTAGENIC 10 g = 464 - 776 rev '

DIRECT ACTING r¢ = 0.83 - 0.86
Coker-distillate - A4l MUTAGENIC 1.0 g = 150 rev

DIRECT ACTING r¢ = 0.86

v .
Coker-distillate -A3-Basicl MUTAGENIC 1.0 mg = 239Q rev
, ENZYME ACTIVATION REQ’'D. r¢ = 0.98
Coker-distillate -A3-Acidic! MUTAGENIC 10 79 = 670 rev
' DIRECT ACTING rc = 0.96
Diluted-bjtumen - Al NO EFFECT Max. appl. /plate = 0.968 mg
Diluted-bitumen - A2 NO EFFECT Max. appl. /plate = 1.4 mg
Diluted-bjtumen - A3 NO EFFECT Max. app]i /plate = 0.66 mg
Diluted-bitumen - A4 NO EFFECT Max. appl. /plate = 0.58 mg
Diluted™pitumen - Acidl TOXIC Max. appl. /plate = 0.14 mg
*

Benzo(a)pyrene MUTAGENIC 1.0 ug = 171 - 190 rev

ENZYME ACTIVATION REQ’D. corr. coef. = 0.97

, AR ) Jfl‘;
Spontaneoys controls 12 - 24 rev ‘
\,
3

1 Fraction Al contains saturates; A2 contains polycyclic aromatic hydrocarbons
and polycyclic aromatic sulfur heterocycles; A3 contains polycyclic aromatic
nitrogen heterocycles; A4 contains hydroxy polycyclic aromatic hydrocarbons; A3-
Basic contains strongly basic polycyclic aromatic nitrogen heterocycles; A3-Acid
contains neutral and/or acidic polycyclic aromatic nitrogen heterocycles and Acid
contains acidic compounds such as carboxylic acids : '



Table 2-11 Sas chromatography/high resolution mass spectramstry v
ana%ynis of Coker-distillate basic campounds in fraction A3

Scan #  Condensed mass spectrum Compound
) m/z(relative abundance) Formula Identification

85 157(100), 156(25), 162(16), 142(14), CipHN a dimethylquinolinel
115(10), 158(10), 171(10), 170(9) ’

165 111(100), 170(30), 162(25), 156(23), CipHjaN @ trimethylquinol inel
177(15), 172(15), 176(12), 128(5)

174 171(100), 170(20), 172(15), 156(13),  CjoH;3N trimethylquinol inel

128(8), 162(5), 86(5), 115(3)

188 171(100), 170(18), 156(15), 172(12),  CyoHy3N
162(10), 128(8), 86(5S), 115(3) ‘

a

trimethylquinoline! ‘

(-

2-ethyl-dimethylquinoline or

274 184(100), 185(62), 171(35), 157(25),  Cy3H N
8-ethyl-dimethylquinoline?

162(10), 170(10), 115(9), 163(7)

291 184(100), 185(72), 157(25), 171(21),  Cy3HgN
. 162(18), 163(13), 128(10), 115(8) '

[T -1

-2-ethyl-dimethylquinoline or
B-ethyl-dimethylquinolinel

o o

299 184(100), 185(80), 17(25), 170(22),  Cj3HjsN  a 2-ethyl-dimethylquinoline

157(22), 149(15), 156(13), 163(10) a 8-ethyl-dimethylquinoline?
316 191(100), 190(75), 171(35), 176(30), Cy4HgN PANH
163(18), 192(15), 177(10), '170(10) Figure 2-26(a)3

341  185(100), 170(22), 184(20), 186(15), Cy3HysN a tetramethylguinoline?
171(15), 168(10), 128(8), 115(5) &

361  185(100), 183(35), 184(25), 170(22), CI3H15N a tetramethylquinolinel -
162(15), 182(12), 163(11), 168(10)

389 185(100), 184(45), 170(30), 162(20), Cy3HisN a tetramethylquinoline?
171(18), 186(15), 191(10), 163(10)

1 Structure determined from the literature (Eight Peak Index of Mass Spectra, 1?83)

2 Structure determined from the fragmentation of alkylquinolines (Draper aﬁd Maclean,
1968)

3'PANH: a polycyclic aromatic nitrogen-containing heterocyclic compound;
structure deduced from rings plus double bonds forumula (McLafferty, 1980)
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396  185(100), 184(42), 198(25), 199(23), SELITL a tetramethylquinolinel
170{22), 171(16), 162(12), 186(12)

185(100), 184(50), 162(25), 170(25), ®qsH;sN  a tetramethylquinoline?
171(17), 163(16), 176(10), 128(10)

198(100), 199(75), 171(40), 162(25), CyafN a 2-ethyl-trimethylquinoline

185(16), 170(16), 163(15), 184(15) : ‘a a-ethyl-;rimethyrqutnolinezﬁi
457 198(100), 199(85), 162(42), 163(30),  CygHi7N  a 2-ethyl-trimethylguinoline or
171(30), 185(25), 182(20), 184(18) a 8-ethyl-trimethylquinoline?

463 185(100), 184(22), 170(16), 186(15),  Cy3HjsN  a tetramethylquinoline?
162(11), 128(10), 115(5(, 163(5)

470  199(100), 189(75), 185(25), 162(25), CigHp N a 0-ethy1-trimethquyino1inéz
200(20), 163(20), 168(15), 191(10)

479 198(100), 199(75), 162(38), 168(30), CigHyIN a 2-ethyl-trimethylquinoline or

184(27), 185(25), 163(25), 171(25) _ ~a 8-ethyl-trimethylquinoline?
498 184(100), 199(75), 162(37), 163(24),  CiqHsN  a ethyl-trimethylquinoline? ’
196(25), 185(25), 198(24), 197(20) not 2-, 4-, or 8-ethy)

505 199(100), 184(65), 162(39), 185(38), CiaHpIN a 4-ethy1-trimethquuin’oline2
Y 198(38), 163(30), 200(18), 191(13) -s - :

ot
517 183(100), 199(75), 198(70), 162(60), C14H17N

2.diethy)-methylquinoline 6r .
197(58), 182(55), 184(36), 196(25)

a2,
a 8,?-diethyl-methylquinoline

§39  199(100), 184(38), 198(27), 162(23),  Cj4Hj7N  a pentamethylquinoline?
185(17), 200(16), 163(13), 128(10)

554 }98(100), 199(70), 171(25); 200(10), CygHy N a 2-ethyl-triméthquuinoline or
J62(10), 184(7), 196(7), 163(7) a 8-ethyl-trimethy1quino]inez

590 199(100), 184(42), 198(42), 163(35), C14Hy7N a pentamethylquinoline?
183(15), 196(15), 197(15), 200(14)

616  198(100), 199(96), 213(38), 185(38),  CygH;7N + Cg-quinoline
© 212(35), 162(28), 196(25¥, 171(23) C)sHjgN  Cg-quinolined

2 Structure determined from the fragmentation of alkylquinolines {Draper and Maclean,
1968) o

4 Mixture, chemical structure difficult to interpret, hS indicates a substitutﬁon pattern
totals CgHyy (i.e. CgHyps 2 x CpHg + CH3; CoHg + C3Hys 5 x CHy; etc) i
S ,

iif>t6 indicates a substitutioﬁfbattern which totals CgHyz (i.e. 6 x CH3i 3 x CpHg;
2 x C3H7; etc)
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212(100), 213(78). 185(25), 197(22),
179(20), 196(15), 163(14), 214(12)

198(100), 196(70}.
197(40), 163(30),

162(50},
213(25),

185(42).
199(22)

197(100),
162(20)

199(28), 198(25),
182(15), 180(10)

196(32),
163(16),

211(100),
83(62).

162(97), S7
163(62)

(78),
195(52),

196(63),
55(50)

193(100),
197(40),

195(55),
196(32) .

162(52).
163(32),

194(50),
192(30

193(100),
191(27),

162(45).
194(26),

192(38),
196(17),

163(32),
197(15)

209(100),
162(12).

194(28), 208(25),
105(7), 104(6),

210(20),
165(5)

227{100), 226(28),
163(10), 228(10),

228(22),
209(10),

114(12),
207(108

228(15),
57(10)

227(100},
222(10)

'163(32),
221(10),

B N

226(18),
65(10),

223(
6(35)

. 221(85), 162(55),
222 ZS& 220(18)

L'Jvd§§u0) 21502)
a5(5). 154(5)

pAhH

struc;ure deduced from rlngs plus double bonds formula (MclLafferty,

2l Structure determ1ned frow the literature (Eight Peak Index of Mass Spectra,

S

CrsHyoN

STLITL

CNH] SN
CrgHgN
Craph
CysHyoN

CpaHy N

CgHsh

C7HgN

C17HgN

€} 7HgN
'

CreHyyN

CrgHpsN

SPLITL
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a 2-ethyl-tetramethylquinyline or
a 8-ethyl-tetramethylquingline

a 8-propyl-ethy) .methylquinol ine?

a trvmethyl»agd
acenaphthene

a (g-aza acenaphthene?

a methylacridinel.
ki
a Cg-aza-acenaphthene-

a methylacridine:
N
PANH

Figure 2-26(b)
C3‘substituted3

PANH .
Figure 2-26(c)3

PANH
Figure 2-26(c)3
PANH R B B
“"Figure 2-26(c)3 v y 3%?
v * E
PANH

Figure 2-26(b)
Cq-substituted

a C3-acridine3
PANH

Fiqure 2-26(a)
C3<substituted3

2 polycyclwc aromat1c nitrogen- containing heterocyclic compound;

1980}
1983}
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1279 247(100), 162(28), 248(23), 163(20) . (gl N 'PANH
73(20), 241(18), 207(12), 246(9) Figure 2 26(a)
(4‘Subﬂﬂuled]
1287 247(100). 162(38), 73(25). 163(22). (18N17N PANH
254(22), 221(20), 207(18), 248(15) Figure ? 26(a),

) ~subst ”Uh"dg U™

s 4
) , v 2

3 PANH: a polycyclic adpmatic nitrogen-containing heterocyclic compound,
structure deduced from rings plus double bonds formula (McLafferty. 1980)
f! .



'f:ﬁ‘§”Tab1g'2;12,ﬁ_“" ; Mass‘Spectra’of.DimeLhquUino1ines PFesent in
" R - -Coker-Distillate Fraction A3 - Basic Component

L e

"~ Retention . Condensed Mass Spectra
- Time S o v m/z (relative abundance)

. 10.955 . 157(1Q0),.156(44),,39(28); 41(25), 77(24), 43(23)
11.499  157(100), 156(49), 39(18), 115(17), 142(13), 77(12)
11.780 - 157(100), 156(27), 115(20), 39(14), 158(12), 142(10)

11.884 157(100); 156(40), 115(28), 43(28), 39(24), 142(20)
11,953 157(100), 156(43); 142(25), 77(20), 39(18), 63(15)
11.967  157(100); 156(44), 142(33), 77(19), 39(18),-51(14)-' |
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' Table 2-13  Condensed Mass Spectra of Dimethylquinolines = = o
Retention ! Condensed Mass Spectra ‘isclqgmer
oy Time . m/z. (re]atwe abundance) :
(mm) ; o
10,911 o 157(100);‘156(38), 142(15%i 115(12) 158(11), 63(9) _ 2;§-pmoly
11.444  157(100), 156(37), 142(14), 115(14) 142(14), 158(11)  2,7-0MQ
,11;547 | ,157(100),,142(5i); 156(4&), (13);A154(1z), 158(12)  6,8-0MQ
11.674 - 157(100), 156(44)" 142?5251,128(13), 158(11), 77(11) f“~3 8-DMQ.
11.697 157(100);'156(25),j115(18); 158(12)," 142(9), 39(8) g 4-0MQ
11.872 157(100),-156(69); 142§§5%, 154(18)1;12116);051(12) 7}5 0,
11.891  157(100), 156(41{ i42iéo>, 77(14ﬁ%?158(12); 12810) 4, 8§DMQ
11,926 142(109), 157(63), 115(35), 156(21), 143(11); 8q(11),  3- ETAQ
12.108 . 157(160), 156(47), 142(29), 128(15), 51(12), 158(11) v"§,7-DMQ
12,138 157(100),‘155148); 142(27), 128(13), 158(12), 53(11)( 3,6-DMQ
“12.282  157(100), 142(58), 156(49), 154(12),"i7(12j, 158(11)  '5,7-DMQ
1-, 12.342‘ '3.157(100), 156(42),-142(22), 158(1353 77(11), 128(10) . 4,6-DMQ"
. 12.348  157(100), 156(44), 142(26);]128(14); 158(11), 51(11) . '3,5-DM)
. 12.488 ~157(1ob),;{56(509; 145(57),'77(13);’154(12),]141(12)f= . 6,7-DMQ
12677 ~ 142(100), 157(97), 156(42), 154§1§)3.141(14), 17(14) _g;ﬁLDMQlL
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76 Replesentative Structures for Basic-PANH. , .
+ Identified in Coker-Distillate Fraction A3 -

C14H9ﬁ\IFTW'=1?;)- c1239§ §r~w.=167) Cy N (Ffw.=gz7)

s

v . R . ) ‘ ‘ : " . ﬁ/’/'
Copoh  Ca2fioh - : C17§@N

;

A
. * These are examples of many possible isomeric
S - polyunsaturated N-containing aromatic..ompounds.
o . ~ . - 7/ ~
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3.1 Introduction - \

Current emphasis on the development of alternate -energy source;
has stimulated productionAOf syﬁthotic fuels der$vo& from oil shi\e.
tar sands and coal. Although technology for producing liquid and solid
fuels from these feed stocks has been available since the early 1900's
(Rubin et al., 1976), the chemical characterizaé\Pn of tHeée products.
has only recently received increased attention. It is now clearly
necessary to identify and control specific toxic and caréinogenic
compounds in order to reducg environmental and occupational health
hazards gssociated with the productioh and the combustion of these
materials.

As. part of a study of the uptake and elimination of 'toxic

ants isolated from thermally cracked heavy'oil (coker distillate

fractyqny) by fish, the'need arose to develop a method to determine
nce of polycyclic aromatic compounds in fish tiésue; of
particular interest were the polycyclic aromatic hydrocarbons (PAH),
polycyclic aromatic sulfur heterocycles (PASH), and the basic
olycyclic aromatic nitrqgen heterocycles (PANH). The accumulation and
metabolism of toxic PAH by fish is well documented (Varanasi and
Malins, 1977, %;ndermue1en, 1987, Sinkkonen, 1982, and Krahn and
Malins, 1982), and the accumulation oﬁ'PASH from petroleum sources by

fish has also been well studied (Ogatawet al., 1979, Ogata and Miyake,

1 A version of this chapter has been published. Detlef A. Birkholz,
Ronald T. Coutts, and Steye E. -Hrudey (1988), J. Chromatogr., 449: 23l
- £60. A ' :
. \\
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1980, and Paasivirta et al., 1981). High levels of PAH and éASH have
been. reported in the tissue of brown bul1héad itken from” the
contaminated Black River in Ohio (Lee et 1!., 1982 and Vasgilaros et
al., 1982). Upon examfnation, this fish was found to have several
cholangiomas (bile duct tumors) (Vassilaros et al., 1982). A number of
pathological conditions have been observed in fish from polluted
coasta! waters and estuaries. Hepatic neoplasia have been linked to
the presence of aromatic hydrocarbons in bottom sediments (Malins et
al., 1985 and Malins et al., 1984).

Recently, interest has focused on the study of PANH in
environmental samples. Of particular interest are the basic PANH
(which are primarily-azaarenes and primary aromatic qmines); these
compounds. are highly mutagenic as determined by the Ames test (Pelroy
»aad Petersen, 1979, Guerin et al., 1980, Wilson et al., 1980, and Hsie
et al., 1980). Because many carcinogenic chemicals are also mutagenic
"(McCann et aI:, 1975), the Ames test has been used as a screening ioo\
in human risk assessment. The presence of basic PANH’ in the
environment is of concern because many of these compqunds are known
mutagens and/or c;rcinogens (Dipple, 1976). For example, quinoline and
all of its monomethyl isomers were found to be mutagens-in the Ames
Salmonel?a/microsoma]'assay (Dong, 1978). Recently, it has been shown
that basic PANH such as acridine and quinoline are readily taken‘up by
fish (Southworth et al., 1979 and Bean et al., 1985), and hepatic
neoplasms and other hepatic lesions in English sole may be correlated
“to tﬁe oresence of basic PANH in sedfment (Malins et aI;, 1985). There

is ample reason then to analyze fish, taken from the environment, for

89



PAH, PASH and PANH in order to ascertain their bigconcentration and
thplcfftcts these chemicals have on the environment. *

Although many methods exist for the determination of PAH in fish,
relatively few procedures exist for the determinatdon of PASH and
busic PANH in fish, Vassnaros ot al., (1982) presented such a method
whxch involved a)kalsne hydrolysis, liquid-liquid extraction followed
by alumina and gel permeation cleanup. We tried this method and found
the alkaline hydrolysis method to be messy .and time. Qonsummg,
especial]y for fish with high lipid content. FurthALMOre. interference
" from biogenic compounds was observed upon analysis using GC/FID
_ suggesting that GC was not a suitable procedur? for the screening of
fish samples prepared by the method of Vassilaros et al., (1982).

The purpose of this research was to describe 4n analytical method
for the extraction, cleanup and high-resolution gas chromatogrqgﬁli
analysis of PAH, PASH and basic PANH in fish tissue.

3.2.- Materials and Methods

tQ’Aemlcals
6,7-Dimethylquinoline (6,7-DMQ) and G,B’aimethquuinoline (6,8-
DMQ) were synthesized in the University of Alberta Chemistry
DeB:Ltment using the proce‘ﬁre of Manske et al.(1942). Purity was
determined to be greater than 98 per cent using gas
chromatography/flame ionization detection (GC/FID) and gas
chromatography/mass spectrometry (GC/MS). Naphthalene, benzothiophene,
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lecthy|nnphthalonc. 2.6-dimethylnaphthalene, 2.),5-
trimethylnaphthalens, and dibenzothiophene were obtained from the
Aldrich Chemical Co. and reported to be greater than 97 per cent purei
Aconabhthvna»qlo was obtained from Hcrck: Sharpe and Dohme. Anhydrous
sodt;ﬁ su!fatt. Celite, concentrated hyorqcﬁlorsé acid, glacial acetic
acié. aﬁd dichloromethane and hexane (pesticide yrade, “distilled in

glass™) were oblained from Fisher Scientific. Flortsil (PR grade, &0
80 ménh) was purchased from the Floridin (o Six normal (6N} HLY wae
pmpamd. from concentrated acid and purtfied by extraction wilh
methylene chloride prior to use. Anhydrous sodium sulfate and elite
were purified by cort inuous Soxhlet extraction with methylene chloride
for 16 h. Fnllowing extraction the solvent was evaporaied {n 2 v;(uum
oven {maintained at 509C) and the material stored in a coftvection .ven
mawntatﬁed¢ at 1309 Qntil required. BioBeads SX-3 (Bio Rad) were

L

swollen with elut ion sblvent (methylene chloride hexane, l:1 v/v)

‘zvarnight and wet packed into a chromatographic columnm (1.d. 19 mmj
to a bed hdﬁghf of 50 cm. Prior to use the gbfumn was ;ashod with
several bed volumes elutign solvent A1l glassware used an the
analytical procedure was soaked ‘overnmight n a d@{ergent solution
(RBS-35, Pierce Chemidal Co.), rinsed with hot water followed by
oesticiae- grade acetone and methylene chloride, and dried 1n an oven
maintained at 2500C for 4 h. .
%
3.2.2. Preparation and Extraction of Fish T;ssue

Fish tissue samples (muscle) were prepared according to the

method of Benville and Tindle (1970). This involved grinding frozen

”



ttssue w1th dry ice in"a Waring"b1ender Unt11 a f1ne flour was

I

? obta1ned Ground samp]es were then transferred to/250 mc\(1dé mouth

\

©3.2.3. 'Cleanup of Fish Tissue Extracts

Jar51’covered w1th a]um1num fo1] and p]aced 1n a frdezer ma1nta1ned aé’“
-80°C overn1ght » order to . a11ou% the. 602 to sublime. Thawed -
subsamp]es (20 g) were m1xed w1th 80 g.of pur1f1ed anhydrous .sodium
su]fate, gent]y packed 1nto a glass Soxh]et extract1on th1mb1e (w1th7\

extra course gtass fr1t) conta1n1ng approx1mate1y 2 5 cm of purified
\

Celite ‘and extracted w1th approx1mate1y 300 mL of methy]ene ch10r1de‘»’ '

for 6. h 1ﬁ%e Soxh]et extractor equ1pped with a Fre1dr1ch condenser
Fol]ow1ng extract1on, the extract was concentrated to approx1mate1y 5
mL w1th the a1d of a rotary evaporator operated under reduced pressure

and with the water bath temperature ma1nta1ned at 35°C

C]eanup of t1ssue samples was performed using ge1 permeat1dh

Chromatography This 1nvo1ved d11ut1ng the extract to 100 mL with

| methy]ene ch10r1de - hexane (1 1, v/v) ‘and app1y1ng 1t to a 19 mm i. d ’

X 750 mm chromatograph1c column conta1n1ng 500 mm of B1oBeads SX-3

| swo1]en w1th e]ut1on solvent (methy]ene ch10r1de - hexane 1;1). The

co1umn was dra1ned to the head of the ge] -The extract conta1ner Was

r1nsed w1th a further 10 mL of- e]ut1on so]vent wh1ch was transferred

- to the column. Agawn the co]umn was' dra1ned to. the head of the gel. A

'-.f7250 mL add1t1on funne] was then filled with 230 mL of e]ut1on so]ventdt

o -and attached to the chromatograph1c column for e]utlon The f1rst 75

*1" of e]uate (wh1ch conta1ns pr1mar11y lipid mater1a1 but"

'.gana]ytes) were dtscarded and the next 75 mL (wh1ch conta1ns pr1mar11y-f-'
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_;\analytes and sma11 amounts of 11p1d mater1a1) co11ected The e]uate 3

«“badditional_}g mL of chloroform to the separatory

- Was then concenﬁ?av/d to aprox1mate1y 5 mL W1th the aid of a rotary

evaporator o f
o/

For. the ana1y51s of PAH/PASH hexane (20 mL)'was added to the

final 5 mL 6? the GPC e1uate and the m1xtur5 was concentrated on-a

1rotary evaporator to 2 vo]ume of . approx1mate]y 2 mL Th1s ‘extract was’

¥

app11ed to a chromatography co]umn which. was prepared by wet pack1ngc"

10 - of 5%_ water deact1vated F10r1s11 (w/v) 1nto a.10 mm i.d.

. /hyomatography co]umn The PAH/PASH were e]uted w1th 50 mL of hexane,

¥4

\ .
hich‘was concentrated to 1. 0 mL using a rotary evanprator -fol1owed by

nitrogen b]owdown

For bas1c PANH such as d1methy
was quant1tat1ve1y transferred tg-

2 mb chloroform. An‘ac1d/base partition was perfdrmed by "adding an

mixing the contents and extracting with 3 x 25 mL 6N HC] The combined

aqueous Tayer was coo1ed in an ice bath and bas1f1ed using 6N NaOH to'

pH > 11. Fo]10w1ng extraction of the bas1f1ed so1utlon with 3 x 25 mL
of chloroform, the extract ‘Was dr1ed by passage through a column

conta1n1ng sod1um sulfate (20 g), concentrated on a rotary evaporator

to approx1mate1y 2 mb and quant1tat1ve1y transferred to a ca11brated 5

mb. centr1fuge tube with 2 x 1 mL wash1ngs of ch]oroform The ensu1ng

extract was “then. concentrated ‘&) 1 0 mL w1th the aid of a n1trogen

' evaporator. <L - o | 3 5@

uinolines, the 5 mL GPC e]uate

nnel, thoroughly

50 mL separatqry funnel with 3 x -



| 'f352.4. Caplllary Gas Chrumatography and GES Chromatographyymass

Gas chromatography was performed on 2 Hewlptt Packard (HP), model

‘ ;f5880, or f Var1an, mode1 3500 ‘gas chromatograph The HP 1nstrument\ R

j?f;féshasf;equipped with. a sp11t/sp11t1ess 1n3ector (operated :f the

1 Tess mode), autosampTer,'fTame 1on1zat}on detector, 1eve1 four |

"‘-""i""i‘vcar”e'" gas was he’ fun (Vinear velocity was 31 JEm/sec at’ zsooc), and

"sSIng capab111ty and a 30 m x 0.32:mm- 1 d. fused 5111ca,;?'?5%

waTl coated DB 1301 cap141ary co]umn (J&w Sc1ent1f1c, Inc) Thej fﬁc{if -

o the temperature was 1ncreased from 46 to 280°C at TOOC/m1n beg1nn1ng Iii:‘?i{?”i

fv,.m1n after injection. The oven temperature was ma1nta1ned at 280°C for'.

20 min and the 1nJector and detector temperatures. were a1nta1ned at.f’* o

‘ ?70, 3000C respect1ve1y The injector was purged W1th he11um 30 sec,
afteﬁhe injection of 2 uL of sample. \ s
| The Variah GC ;as equipped with a vsp}ft[sp]it]essliinjector
(operated in the sp]dt1ess mode), flame'ionization'detector model 600",
data system and a 30 m°x 0;32 mm 1:d; fused s111ca} wa]] coated DB 5
‘cap111ary column (J&W Scientific,flnc )ﬂ Cond1t1ons of ana]ys1s were’
‘ the same as those emp]oyed with -the’ HP 1nstrument except that the
v 11near ve10c1ty was. 28 cm/sec at 300°C. | . : i~ -

Gask chromatography/mass spectrometry was 'performed" by
interfacing a HP model 5890A GC to a HP' mode] 5970 quadrupo]e mass
-spectrometer The GC was equ1pped with: a sp11t/5p11t1ess 1nJector
(operated in- the sp41t1ess mode) ;- and ‘a 12.5 mx 0 2 mm i.d. fused '

“sw]1ca, wa1]-coated HP- 1 cap111ary co]umn (Hew]ett Packard) he_
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carr1er gas was he]aﬁm (11near ve]oc1ty was 36 cm/sec at 300°C),vandiL*,ffr
the temperature was 1ncreased from 40 to 300°C at 10°C/m1n beg1nn1ng 1 ~t:;3t
m1n after 1n3ect1on The oven temperature was matnta1ned at 300°C forpV
8 m1n, and the 1n3ector, transfer 11ne and 1on source were ma1nta1ned
at 250,‘300 and 220°C respect1ve1y Data was acqu1red 2 m1n afterv'.
p ;‘f_injéotion.os1ng a Hp- mode} 59970C data system Mass spectra] scansif

‘.,;1 ;(from 35'to”§50 amu) were obta1ned every 1 36 seconds

325 Recovery Study 2 | |
ey A]1quots of prépared ftsh muscle (Ra1nbow trout 20 g) were":'w
fort1f1ed w1t the fo1loW1ng PAH/PASH naphthalene, benzothwophene,vlfs
methy]naphtha1ene,t.2 6 d1methy1naphtha1ene,l 2,3, 5-
tr1methy1naphtha1ene, and d1benzoth1ophene F1sh-rmusc1e“was' also
fort1f1ed w1th the foT]owlng bas1c PANH | 6, 7~d1methy1qu1no11ne andpl"
6, 8 d1methy1qu1no11ne Concentratﬁons of these chemlcals ranged from‘_l:'

. .24 ng/gwtpgl.Sg,pg/g (tab]es 3- 1 1o 3 4) Ve
3.3 Results and Discussion

The resu]ts summar1zed in tab]e 3- l were obta1ned from fish

fort1f1ed w1th PAH/PASH Analys1s was performed us1ng the Varlan GC\ffﬁp

w.and quant1tat1on was performed u51ng externa] standards (ESTD) and an
1nterna1 standard, name]y acenaphthene dlo (ISTD) From tab]e 3- 1 1t -
is apparent that better than 80% - recovery was, obta1ned for the L

\

PAH/PASH at tdhcentrat1on Tevels of 0.24 - 1.1 pg/g Prec1s1on of the

N method (as expressed by the perce:},peTat:;e standard dev1at1on; %RSD) o



L may be due to sT1ght concentrat1on of the -extract dur1ng storagee

o aTkyTated benzenes and were observed to be present in controT f1sh.ﬂ

';7'

|
s

1]

preC1s1on 1was observed by ustng aﬁ' internal ¢ standard durwng
quant1tat1on 1n pTace of externaT standards |
| Since GC anaTys1s using a fTame 1on1zat1on detector (FIDB
a non- seTect1ve method of anaTys1s, a more ‘selective method, nameTy,

GC/MS was used to analyze one of . the fOFtTfTed f1sh sampTes for

t‘?

G@/MS quant1tat1on was performed us1ng the generaT pr1nc1p1es out11ned ;

by the Un1ted States Env1ronmenta1 Protect1on Agency (1984) Results

are summar1zed in tabTe 3-2.

It is apparent from:. table - 3- 2; that there is cTose agreement-
between the anaTysts of fort1f1ed fish muscTe using. GC/FID and GC/MS._’

anaTys1s The sT]ghtTy h1gher recovery observed for the GC/MS analysis

- pr1or to the GC/MS anaTys1s The cTose agreement between the two

methods of anaTys1s s 1nd1cat1ve of the exceTTent cTeanup obta1ned

us1ng the GPC/FTor1s1T comb1nat1on A chromatogram obtained from f1sh'
t1ssue fort1f1ed w1th PAH/PASH is dep1cted (f1gure 3- 1) The peaks

appear1ng before naphthaTene were determ1ned by GC/MS to be}

samp]es The source of these aTkyTated benzenes was determ1ned to be

: the hexane wh1ch was: used in both ‘the GPC and Florisil cTeanup steps
- The only b1ogen1c mater1aTs found to be present in. thts chromatOQram

eTuted as two. 51gn1f1cant peaks after d1benzoth1ophene (ngure 3- l)vl

However these peaks were- found to be present in only two sampTes out

~of 12 “processed, and are of unknown, or1g1n, but were probab1y~'

PAH/PASH and the resuTts ‘were compared to those obta1ned by GC/FID )

. was sat1sfactory and ranged from 4 to 10% of the mean.,L1ttTe ga1n in



" introduced during GPC -and/or F1oris11 c]eanup Rigorous fa1ibrat10n of°

the GPC and F]or1511 chromatography wou]d Tikely. eliminate these

compounds . : , >

" In order to test the range of concentrations which could be-

deteeted using this method, two samples of fish tissue were fortified

! - .
at low Tevels and subjected to GC/FID and GC/MS analysis. Table 3-3 is -

a summary of these findings.

From table 3-3 it can be seen- that there is reasonab]e agreement

' between the GC/FID and GC/MS ana]ys1s ‘of fish tissue samp]es fort1f1ed
at 24 to 100 ppb The genera11y higher results obta1ned by GC/FID are
11ke1y due to the ‘\pn selectivity of the method. Therefore, for
quant1tat1on of 1ow 1eve1s of PAH/PASH in f1sh GC/MS is the method

of cho1ce It .is worth noting that even at 20 ppb acceptable levels of

‘recovery were observed: us1ng GC/MS ana1ys1s GC/MS data was obta1ned
via scanning and extracteg 10n curreht prf1]es were generated for the

ana]ytes of 1interest and 1ntern&T s?andﬁ%d prior to integration and

calculation. It is ant1c1pated that’}arger s1gna1 -to- noise ratios

could be obta1ned using se1ected jon monitoring techniques and hence

Tower - 1evels of detection could be realized. However, decreasing the

analyte concentrat1on cou]d‘*!su]t in 1osses of mater1a1 by adsorption

—

onto glass surfaces etc., therefore a rea11st1c detect1on 1imit of 10

- 20 ppb based Qn 20 g of fish and us1ng our method is considered

-

valid.

Tab1e 3-4 is a summarf of the results obtained for4the‘GC/FID

-ana1ys1s of bas1c PANH 1n fort1f1ed fish muscle. Table 3-4 revea15'

exce]]ent recover1es of d1methy1qu1no]1nes from fortified f1sh tissue

-7



# interfering material.

L )
' L

using ‘Soxhlet .e'xtraction followed byg' GPC anii}acid/ba‘se partition
cleanup. Prec{sion is.-also acceptable and similar to that. observed fpr
the PAH/PASH analyses. FUrihermore,'Gt/MS anaiysis of oﬁe fortified
>fish sample fer 6,7-dimethy1qu1no]ine produced recerrjes similar to
those observed wusing GC/FID ana1y51s, and indfcati?e of effective
cleanup. Reference to f1§ure 3-2 reveals a GC/FID chromatogram
obteihed from fortified fish muscle and virtually free of any biogenic
, _ v -

"We have developed an enafytﬁce] method ’capab1e of detecting
accurate and precjseuleve]s of'PAH/PASH and_basic PANH in samples of
fish musc]e.»;Good agreement was observed between GC/FID end GC/MS
analysis which indieates substantial rem&vaﬂ of biogenic hateria]

during cleanup. The use of GC/FID as a screening method is desirab1e

98

o g

because of atcessab;\ity by most 1aboratories and Tow cost relative to -

;GC/MS. This method was epplied to.the analysis of muscle obtained from

fish exposed to S,iedimethquu{nolfne, 6,8-dimethquuinoiine and
_.benzothiophene. Concentretions in mdsc1e were determined immediately
after exposure‘and after depuration. A‘summary of concentration in
musc]e‘observed in fi§h after exposure to the three cﬁemicals is shown
in table 3-5. From this table it is apparent that PANH and PASH are
‘bioconcentrated by fish from water. | '

A summary of eoncentrations in musc]e‘observed in fish fo]1oWing
depuratlon of the three chemicals is given in table 3- 6 From tab]e 3-
5 and 3-6 it is apparent that PANH and PASH have d1fferent rates of
| ‘\uptake and e11m1nat1on. The uptake,’ e11m1nat10h, and biotransformation

~ of PANH by fish is more fully described by Birkholz et &i. (1988). The
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a1l

. : V . . . o | ‘.“£)
" uptake, - -elimination and biotransformation of PASH is described by

" Dromey (1988). I | o : '

In_Cohc]usion we have developed a precise and accurate method for

- the determination of PAH, PASH and PANH in fish musele. The
sensitivity of the method was found to be more tharn adequate when?

applied to study of ihe\Uptake andve1imination of PASH and: PANH. by

L}

‘_‘exposed fish. , '
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Recovery of Polycyclic Aramatic Hydrocarbons/Polycyclic Aromatic

Sulfur Heterocycles (PAH/PASH) From Fortified Fish Muscle

»

Conc. Ng&. Mean RSH2 Quant. ¢
(s9/9) Rep. Recov. (%) Metho
’ (n) (%) (ESTDYy.
" . 1ST0%)
! )
Naphthlalene 0.97 4 86 5.1 ESTD
0.97 4 85 4.8 ISTD
Benzothiophene 1.1 4 85 4.5 ESTD
1.1 4 81 5.7 ISTD
1-Methylnaphthalene 1.0 4 88 4.3 ESTD
1.0 4 85 5.4 ISTD
2,6-Dimethyinaphthalene 1.0 4 88 6.1 ESTD
. 1.0 4 87 6.6 ISTD
2,3,5-Trimethylnaphthalene  0.24 4 93 10.1 ESTD *
0.24 4 85 9.0 ISTD
Dibenzothiophene 1.0 4 92 9.2 ESTD
. 1.0 4 84 6.4 ISTD

2 RSD%. relative standard deviation in percent
'3 ESTD: 2xternal standard method of quaﬁtitatipn

4 ISTD: irtérnal standard method of quantitation
| o
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Table 3-2 Analysis of Fortified Fish Muscle by GC/FID and GC/MS

Analyte Conc. Percent Pereent
(u9/9) Recovery - Recovery
(GC) (GC/MS)
Naphthalene : 0.97 84 : 89
' Benzofhiophene 1.1 81 93
1-Methylnaphthalene 1.1 88 91
2,6-Dimethylnaphthalene 1.0 90 100
2,3.,5-Tr1‘methy]napht_ha1ene 0.24 92 _ 95
Dibenzothiophene 1.0 B



Table 3-3.

Analyte

Naphthalene
Benzothiopheng.
1-Methylnaphthalene
2,6-Dimethylnaphthalene
2,3,5-Trimethy1naphtha]ene

Dibenzothiophene

#9/9
Spike 1
GC/FID  GC/MS
114 93
107 68
93 79
81 77
74
88 77°

Per Cent Recovery

GC/FID and GC/MS Analysis of Fish Tissue Fortified at 0.1

Spike 2

256

153
86
65

’

GC/FID  GC/MS

138
65
53
68
65
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Table3-4 Analysis of Dimethylquinolines in Fortisaaﬂ-bish Muscle

Analyte Conc. Mean RSD
(49/9) Recovery (%)

| - (n) (%)
6,8-Dimethylquinoline 1.39 4 - 96 8.2

6,7-Dimethylquinoline 1.15 4 98 7.0
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e 3-3  Muscle Concentration Cbearved in Fish Bxposed to PANH! and PASH!

:) Analyte

6.7~d1methquuinolinez
6‘8vdimethy\quino]ine2

Benzothiophene3

Mean
Exposure
Conc.
(ug/mL)

1.0

0.67

Exposure
Time

(h)

7.5

8.0

8.0

Mean
Muscle
Conc.

(9/%9)

6.1

19

Number
of Fish

FTxposed

1 Abbreviations - PANH: polycyclic aromatic nitrogen heterocycles,‘and PASH:
polycyclic aromatic sulfur heterocycles

2 Data taken from Birkholz et al., 1988

3 Data obtained from Dromey, 1988




g~‘;ab1e'3+6

»fNumber

" Apalyte .
‘ of

LE T
Exposures™® -

g

8

6,7-dimethylquinoline? 3

-6,8-dimethy1qu1holine2' 3 |

;benzothibphene3 . g
op R

1 Abbreviat1on$ - PANH:

“fZVData;obta1ned_from B1rkhq1z et al.,
»3~Data”obfained,ffom'Dromey, 1988.

~Mean ‘~ 3 Exposure
~Exposure . Time - Time
Conc. (h) ~(h)

(mg/L) "~
0.97 9.5 " 69
1.1 7.0 - 63

0.67 8.0 65

a

1988

Depuration‘~

'-1oe;fa;:

COncentratlon of PANH1 and PASH1 in Flsh MUscle Fbllow1ng Exposure’_
and Depuratlon '

‘QMysc]é
~ Conc,

/e

0.56

0.49

n2.2

po]ycyc11c aromatic n1trogen heterocycles and PASH;.
. po]ycyc11c aromatic su]fur heterocycles :
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4.  UPTAKE AND BIUIRANSFWMIW OF 6 7—DD‘IE.'IHYLGID¢OLINE AND 6,8~
DIMEEHYIQUINOLINE BY RAINBOW TROUT (Salmo ga1rdner1)

4.1.'1ntroddction B § %k

The occurrence of polycylic aromatic hydrocarbons (PAH) in the
environment has been Qide]y studied. Much less attention ehas been
foc;sed on the types eﬁd amoﬁﬁts of heterocyc]ic>anaToques of ' PAH,
particularly pe1ycy1ic ’aromatic nitrogen heterocylces (PANH). Since
many of the sources of PANH and PAH are the same (e.é., cémbustion-
processes and petko]eum‘vproducts), these heterocycles would be
expected to be widespread in areas of concentrated human activities. A;

- survey of the 1iterature indicates.that PANH‘such és quinolines and
benzoquinolines may be wideseread in the environment. Thex have been

‘ ideﬁtified in air.particulate matter frem EUrope (Brecco et al.,1973),
the United Stateé ’(Dong et al. 1977), and the southern North Atlantic
Ocean {(Hahn; 1980). Mdreover, recent data indicate that these
fcompoends are also present‘in ambient air in the vapor phase and at

4 h1gher levels than previously reported on part1cu1ate matter (Adems et

.;1982). PANH have also been found in lake and marine sed1ments

(Furlong and Carpenter, 1982 Nakeham, 1979; and Blumer et al ,- 1977)

| and groundwater adJacent to an underground coa] gasification site
‘ \ (Stuermer et al., 1982). The presence of these compounds in the
\'envi?onﬁent has been mainly attfibuted to Lhe ’use of fossil fuels

(Fur]ong and Carpenter, 1982; and Wakeham, 1979) The occurrence of

\PANH in coal tar has been known since the early 1800s (Acheson, 1967)
\ S U 112
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“They have been identified more recently in both naturailand\syntt@etic‘~

range from 0.2 t 0.5% (Aksenov et al., 1979); however, for coal-

ey

crudes (Ford et al.,1981; Tomkins'hnd.Ho, 1982;. and. Schmitter et al.,
1982) and subsequently derived distillates and oils (McKay et al,
1976; Novotny et al., 1980 and Later et al., 1981). In petroleum oils,

the total fractioj of basic oréanic nitrogen has been estimated to

¢

derived 1iquids this range may approach 10-20% ( Paudler and Cheplen,

"1279 and Later et al. 1981)

The presence of PANH in tqe env1ronmeqt is of concern because
many of these compounds have been reported to be toxic (Sidhu and
Blair, - 1975 and Schu]tz et al., 1982), teratogen1c (Dumbnt et
al.,1979), mutagenic, and/or.earcinogenic (Ho et al., 1979; Hirao et
al., 1976; and D1pp1e, 1976). Por example, quino]ine aed all of its
monomethyl isomers were-found to be muxagens in the Ames Sa]monelia

assay (Dong et al., 1978) It has also been shown that quinoline,

- 4-methylquinoline, and 8- methquu1no]1ne initiated skin tumors in

SENCAR mice (LaVoie et al., 1984). . Xft
The uptake, .elimination, and ﬁetabo]ism of PANH (or basic
azaars- ) by fish has received 1itt1e study. Considering the ﬁany
tox: “ic, feratogenic endAcarcinogenicleffects that have been
» these compounds, it is important studies of the
Eration, fate, and effects of ‘t::%i compounds be

We wreport on the uptake, elimination, and metabolism of two

dimethyiquinolines namely 6,7- and 6,8-dimethy1quiheline in rainbow

trout; (Salmo gairdneri).
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4.2. Bxperimental

4.2.1 Chemicals ‘ ’ . -
6,7701methy]quino1ine (6,7-DMQ) and 6,8-g)methy1quinoliﬁe (6;8-
DMQ) were synthesized in the University of Alberta Chemistry
Department using the proceduré of Manske et al. (1942). Purity was
determined to be greater than 98 per cent using gas
chrgmatography/flame ionization detection (GC/FID) and gas
chromatography/mass spectrometry (GC/MS). Pentafluorobenzoyl chloride,
6-methylquinoline, 8-methy1qﬁino1ine, 1-hydroxymethylnaphthalene and
8-hydroxyquinoline, were obtained from Aldrich and; reported to be
greater tﬁan 97 per cent pure. Benzyl alcohol (98%), acetic anhydride
(;?%), CeJi%e, anhydrous sodium sulfate, phosphoric acid (85%),
ammonium hydroxide (28 - 30%) and pesticide grade solvents
(chloroform, methylene chloride and methanol) were oBtained from
Fisher Scientific. a-Naphthyl-B8-D-glucuronic acid and glucuronidase
(type L-11 from P. vulgata) were obtained from Sigma Chemical Company.
Th;'B-g1ucuronidase possessed sulfatase activity. Organic-free water
was obtained by passing distilled water through a Norganic trace
organic rehoval cartridge (Millipore Corp.). Ammonium phosphate buffer
. (pH 6.5) was prepared by adding 1.0 mL of phosphoric acid to 1 L of
organic free water and titrating to pH 6.5 by dropwise addition of

ammonium hydroxide (28 - 30%). Potassium phosphate buffer was prepared

by titrating 50 mL of 0.1 M potassium dihydrogen orthophosphate.

(Fisher Scientific) with 0.1 M sodium hyé:pxide (Fisher) to pH 7.0.
Acetate buffer (0;2 M) was prepared by titrating 50 mL of 0.2 M acetic
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acid ‘with 0.2 M sodium acetate to pH 5. Acetate buffer (2.0 M) was
prepared by wtrat1ng 9 mL of 2.0 M acetic acid with 2.0 M sodium
acetate io pH 5. !
| B-Glucuronidase solution (Sigma, G-8132) was prepared by
dissolving 10 - 12 mg of the enzyme 1p 500 uL of 0.2 M acetate buffer.
One hundred microliters of this solution gave approximately 2060 units
of enzymatic activity.
Anhydrous sodium sulfate ana Celite were purified by Soxhlet
extraction with methylene chloride for 16 h. Following extraction the
solvent was evaporated in a vacuum oven (maintained at 500C) and the

material stored in a convection oven maintained ;?b\ 1309C until

required.

4.2.2. Fish Exposures

Rainbow trout used in tissue distribution and mgtabolism studies
averaged 255 * 22 mm in length and weighed 217 ;miz\aé;n=15). For
gxposures,kthree fish were held without food, each in a separate glass
aquarium that contained 50 L of charcoal-filtered tap water. Tests
were cond:Lted under static conditions of 12 - 17 9C with a light:dark

I 4
cycle of 16:8 h. Aquaria were not aerated, and water was exchanged at

7 and 9.5 h for fish that were depurating 6,8-DMQ and 6,7-DMQ

respectively. Fish were exposed to 6,7-DMQ and 6,8-DMQ in aquarium,

water, removed from each T? three replicate aquaria: sacrificed by a

blow to the head at two t me intervals: 7.5 and 8 h after exposure to
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6,7-DMQ and 6,8-OMQ respectively, and 69 and 63 h after depuration.
then dissected. A further exposure (7.5 h) and depug&tion (96 h) was
conducted using 6,7-DMQ because dissection of one of the previous fish
failed to generate a bile sample for analysis.

One fish was also exposed to 6-methylquinoline for 7.5 h and
sacrificed.. Thé bile was removed for chemical analysis. Another fish
was similarly exposed to 8-methylquinoline for 7.5 ﬁ, sacrificed and
the bile removed for chemical analysis. Exposure concentrations were
calculated to be 1 mg/L although no exact measurements were taken. The
purpose of these two exposures was to generate-data that might aid in
the identification of metabolites obtained during the exposure of fish
to 6,7-DMQ and 6,8-DMQ. , e : .

{

4.2.3. Quantitative Analysis for Dimethylquinolines

'Samples o;\¥NJe, Tiver, muscle and carcass (rema1n1ng tissue)

were obf£1ned from exposed and contro] fish and analyzed for 6 7- DMQ

and 6,8-DMQ. A1l tigsues were weighed (wet weight) immediately after
dissection,‘vacuum packed in freezer bags, and frozen at -800C prior
to processing and analysis. Water samples (n=6-9),for the analysis of
6,7-DMQ and 6,8-DMQ, were taken from each of the exposure tanks ysing
3:5 mL septum-cap vials. zé)
Analysis of 6,7-DMQ and 6,8-DMQ in water used for trout exposure
was performed by reverse phase 1iquid§§hromatography. Fish tissﬁe
samples (muscle and carcass) were prepared according to the method of

Benville and Tindle (1970). This involved gﬁinding the frozen tissue

)

116



with dry ice in a wiying blender until a fine flour was obtained.
Ground, samples were then transferred to 250 mL' wide mouth jars,
cobered with aluminum foil and place in a freezer ma1nta1ned'$t -800C
overnight in order to allow the COp to sublime. Thawed subsamples (20
g) were mixed with 80 g of purified anhydrous sodium sulfate, gently
packed into a glass Soxhlet extraction thimble containing
approximately 1 inéh of purified Celite and extracted with methylene
chloride for 6 h in a Soxhlet extractor. Following extraction, .the
extract was concentrated to approximately 5 mL with the aid of a
rotary evaporator.

C]eénup‘ of tissue samples (muscle and carcass) was performed
using gel permeation chromatogfaphy and an acid/base partitioning
step.. This f’ﬁvo]ved diluting the extract to 10 mL with methylene
chloride:hexane (1:1) and applying it to .a 19 mm i.d. x 750 mm
chromatographic. column containing 500 mm of Bio-Beids SX-3 swollen
with e]dtign solvent (methylene chloride:hexane, 1:1). After draining
the column to the head of the gel, a further 10 mL of elution solvent
was transferred to the column after rinsing the extract container.
Again the column was drained to the head of the gel. A 250 mL addition
funnel was then filled with 230 mL of elution solvent and attached to
the chromatoé%aphic column for elution. The first 75 mL of eluate were
discarded and the next 50 mL collected. The eluate was then
concentratedAfo approximately 5 mL with the aid of a rotary evaporator
and quantitatively transferred to a 250 mL separatory funnel with 3 x
2 mb chloroform.. |

An acid/base partition was performed by adding an additional 19
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mL of chloroform to the Sseparatory - funnel, thdéroughly mixing .the

contents and ixtracting with 3 x 25 mL 6N HC1. The upper HC1 layer was
removed, collected in a 250 mL Erlenmeyer f]ask.“ cooled in an ice
bath, and basified using 6N NaOH to pH > 10. Foliowing extraction of
the basified solution with 3 x 25 mL of chloroform, the extract was

dried by passage through a 20 g sodium sulfate column, concentrated on

a rotary evaporator to approximately 2 mL and quantitatively.

transferred to a calibrated 5 mL centrifuge tube with 2 x 1 mL
washings of chloroform. The ensuing extréct was then concentrated to
1.0 mL with the aid of a nitrogen evigonator.

A1l cleaned-up tissue extracts (muscle and carcéss) were analyzed
for 6,7-DMQ and 6,8-DMQ by gas chromatography/flame ionization
detection (GC/FID). | ' |

. Liver samples were analyzed for 6,7-DMQ and 6,8-OMQ using a
modification of\fﬁe method of Varanasi‘et af, (1982). The modification
involved the use of potassium phosphate buffer (pH 7.0) instead of
saline. Liver (1-3 g) was transferred to a 50 mL centrifuge tube and 4
mL of potassium phosphate buffer (pH ’7.0) was added. After
homogenizing with a polytron for approximately 1 min the probe was
washed with 5 x 2 mL methanol and the washings collected in the
centrifuge tube. After the addition of 5 mL chloroform, the mixture
was vortexed for approximately 1 min, an additional 5 mL of chloroform
was added and the mixture vortexed again for 1 min. At this point, 5
mL of organic-free water was added, the mixture vortexed and
centrifuged at 2000 rpm for 5 min. The'ﬁower ch]oroform/methano] layer

was removed by pipette, dried through a 10 g sodium sulfate column and
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collected in a 250 mL round bottom flask. Following the extraction of
the aqueous/solids portion with an additional 10 mL chloroform, the
mixture was again centrifuged and the lower chloroform layer removed,
dried through the sodium sdﬁfate column and collected in the -round
bottom flask.  The extract was then concentrated to 1.0 mL with the
aid of a rotary evaporator, calibrated 5 mL centrifuge tube‘”and
nitrogen evaporator. The aqueous portian of the sample was saved for
further analysis. |

4.2.4. Enzymatic Hydrolysis and Isolation of Metabolites from

Conjugates

Bile samples were analyzea for 6,7-DMQ and 6,8-DMQ as well as
conjugated metabolites using the method of Baird et al. (1977).
A]iquois of bile (7200 ulL) were weighed into a 15 ml centrifuge- tube,
diluted to 1 mL with 0.2 M acetate buffer and incubated with 2000
units of B-glucuronidase for 2 h at 379C in a shaking incubator. After
enzyme treatment, the solutions were extracted ing the following
regime. Two and one-half mL of methanol and 1.2% mL chloroform were
added to the enzymatically hydrolyzed sample and vogtg%ed for 1 min. A
further 1.25 mL of chloroform was added, followed by vortexing for 1
min and the addition of 1.25 mL of organic free water. After vortexing

for an additional minute thg,h]oweﬁsjphloroform/methano] layer was

S iy

14

removed with a Pasteur pipette, dried*by passage through a 1 g sodium
sulfate column, and collected in a 5 mL calibrated centrifuge tube. An

additional extraction was performed with 2 mL chloroform and the

D
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'andj hydroTyzed . conJugated metabo]1tes using = GC/FID. and“ ‘gas

=,

evaporator oo ' ' véf“\

”»Efﬂextract dr1ed and - coTTected as prev1ous]y descr1bed The comb1ned E

.evaporator

IsoLa;Jon of conJugated metabolltes from T1ver fo]Towed the7

vevaporated to 6 mL with)a nitrogen evaporator"and made O.Z'M-with

acetate buffer (2 0 M) This mixture was incubated wtth 2000 units‘of

7

B~ g]uouron1dase for 2 hlat 37°C After enzyme treatment the soTut1on‘
-

was- extracted ser1a11y by vortex1ng w1th 10 mL methanoT 2 x5 mL

]

ichToroform, and 5 mL organ1c free water The Tower chToroform methanol
‘f_Tayer was removed by p1pette, dr1ed through a 10 g sod1um sulfate
column, and ‘coTTected in a 250 mLfvround bottom fTask.. Following a
v further‘extraction withWIO'mL ‘chloroform, the‘extract was again dried

‘and the comb1ned extract1ons were concentrated to 1.0 mL with the aid

of a rotary evaporator 5 mL: ca11brated centr1fuge tube and a n1trogen

[

Al T1ver and b11e extracts were anaTyzed for 6, 7 DMQ, 6,8;DMQ

chromatography/n1trogen phosphorus detectlon (GC/NPD). Parent compound..

,and compounds re]eased from conJugated metabo]1tes obtained from ‘the

120

"I‘extracts were then concentrated to 1, 0 mL w1th the a1d bf;a n1trogen'f'

" procedure'oﬁ Varanas1 et al. (1982) The aqueous methanol phase of the,'”

"T1ver extract1on (with _prote1n removed | by centr1fugat1on) was .‘

11vers and b11e of f1sh exposed to 6,7-DMQ were quantltated us1ng!.-

6 7- DMQ nd 1 hydroxymethyTnaphthaTene as - reference~ standards

| ‘JHydroTyzed conJugated metab011tes and parent compound observed to be”

‘fouant1tated uang .5,8—DMQ -and 8 hydroxyqu1no]1ne as' reference_

:'npresent 1n thé 11ver and b11e of f1sh exposed to 6,8- DMQ were jf‘»f»"”



’"standards.
' ]

4‘.!5.', ouality Control/Quality Assurance

A11quots of t1ssue (musc]e carcass and 11ver) were obta1ned fr0m

. ,1‘21‘.

, contro1 f1sh and analyzed before and after fort1f1cat1on with.6,7- DMQ“;

A ]
~and 6,8- DMQ The efficiency of the enzymat1c hydrolysis was tested by

hydro1y21ng replicate aqueous solutions: of at naphthy] B D- g]ucuron1c

acid (200 pg/mL) and extract1ng and ahaﬁyz1ng the hydro]yzate for 1-

'naphtho1 by GC/FID. = = o DR

4.2.6. Acetylation N : e

o ]

> B | '
Acety]atiqnv,of enzymat1ca11y hydro]yzed and extracted bile

'sampies as well as of benzyl a]coho] followed - the procedure of

Hargesheimer et al. (1981) One mL of ‘the chem1ca1 standard (in
methano]) containing approx1mate1y 200 ug of chem1ca1 -was added t§ a
50" mL Centr1fuge tube. watep.(4 mL) was added a]ong w1th 250 pl of

wacet1c anhydr1de and the mixture vortexed Solid sod1um b1carbonate

»(F1sher‘ Sc1ent1f1c) was then added and m1x1ng cont1nued until the‘_

) nvo]utwn of €Oy ceased and an excess of sod1um b1carbonate was

apparent. Follow1ng extract1on w1th 3 x 1 mL of chloroform, vthe

_ comb1ned extract was drled by passage through al g sod1um su]fate
: co]umn and collected in a 5 mL calubrated centr1fuge tube Vo]ume wasb

 ‘:adJusted to 5. 0 mL W1th ch]oroform, pr1or to GC/FID and GC/MS,

‘ana1ys1s
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' Enzymatica11yehydro1y;ed[and extracted‘bile samoles obtained‘ﬁrom

| fish‘exposed to:657—DMQ and 6,8-DMQ were acetylated similar1y except

’fthat 0 5 mL of extract ‘was f1rst exchanged .into methano] Th1s was

o accomp11shed by d11ut1ng the ~extract to 3.5 mL !é?th methano] and;

='122 .
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reconcentrat1ng to 0 5 mL w1th ‘the a1d of a n1trogen evaporator N

Because chloroform and methano] form an azeotrope which is 87%
‘fchloroform, th1s_procedure offers an effective and‘efficient way to

exchange the 'extractJ While at ‘the same time minimizing loss of

voTati1e material. which- might be lost if the extract‘were takenhto '

| drynésS :phiOr to. exchande. FoT1owing the exchange, aCety1ation was

- performed as descr1bed above except that the f1na1 extract was

___concentrated to 0.5 mL before GC/F£D and GC/MS analysis.
o / .

/

4.2.7. Eentafluofobénonlation

Acylation of enzymatically hydrolyzedfand extracted bile samples
as well as beniy1yalcohol was performed using the method of Coutts et

al. (1987). Two mL benzene'containing approximate]y 100 ug of benzyl

a1coho] was added to a 15 mL.screw-cap test tube,and‘Vortexed with 10

, i
sk of pentafluorobenzoy] ch10r1de After add1t1on of 2 ml of saturatedf

sod1um b1carbonate so]utlon and 2 ml of benzene, and attachment of a

Tef]on 11ned screw cap the v1a1 was. mechan1ca11y shaken for 20 min. w»'

The upper benzene 1ayer was removed \'dried by passage through alg
_‘sod1um su]fate co]umn and concentrated to 1 mL us1ng a n1trogen

' evaporator pr1or to GC/FID and GC/MS ana]ys1s Enzymat1ca11y

‘ hydro]&zed and: extracted b11e samples (0 5 mL) J%§e d11uted'to‘2;5 mL



~emp1oyed w1th the HP 1nstrument except that the 11near ve]o “ty

4
-

concentrated'to 0.5 mL using a nitrogen ‘ orator prior to GC/FID and

GC/MS analysis. o - " . . '

¥.

4.2.8. Gas‘Chfdmatography'and‘ﬁhu£§¥$xxxzrme¢xy

Gas chromatograpny/flame jonization analyses were performed using |
~a Hewlett-Packard .(HP mode1' 5880);‘ and a Varian ‘(model 3500) gas

chromatograph The HP 1nstrument was equipped W1th a: 30 m X 0.32 mm‘

i.d. fused s111ca, wall-coated DB- 1301 cap111ary column 40 25 pm. f11m

th1ckness, J&w Sc1ent1f1c) The carr1er gas was he11um (11near

“yelocity was 31 cm/sec-at 280°C), and the temperature was 1ncreased_

from 40 to 280°C at 109C/min beg1nn1ng 1 min: after injection. The oven

.temperature was ma1nta1ned at 280°C for 20 ‘min and the 1nJector and
: ’detettor were ma1nta1ned at 270 and 300°C respect1Ve1y Port1ons (2

uL) of the concentrated extract conta1n1ng nonconJugated metabo11tes'

.

were injected into the capillary injector with the purge valve c]osed,

30 sec after injection purg1ng was initiated. .

The Var1an model 3500 GC was equ1pped with a 30 m x 0 32 mm i.d.

fused s111ca, wa]]-coated_ DB-5 cap1]1ary column (0.25 pum f11m

th1ckness, J&Ntscientific) Conditidns of analysis wer ‘the.same'as

cm/sec at 300°C.
Gas chromatography/n1trogen phOSphorus detect1on was performed

‘us1ng a Var1an mode] 6000 GC and a. 30 m X 0 32 mm i.d. fused silica,

as 28

| S ['_,’-123'. |
‘with benzene .and ‘acy1atedA as above. gg%he resu1t1ng extract was |
. o - ’r
P
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| "wailecdated DB -1 cap111ary co1umn (0 25 pm f11m th1ckness, tJ&W’
_Scientific) The carrier gas was he11um (11near ve]oc1ty 31 cm/sec at
300°C) and the temperature 1ncreased from 70 to 300°C and 10°C/m1n ;
beginning 1 min after )nJect1on, The‘oven_temperature was»ma1pta1ned .
at 3000C for 20 min and the'injector and deteetor‘temperatures were

“maintained at 270 and 3009C,respective1y.vThe"injector was.purged with-

helium 1 min after the injection of 0.5 proftsamp1e, The needle

residence of the syringe in the imjectdr was maintained at 30 sec via’

Y

the afﬁosamp]er. ‘ ’ o o K

Q

Gas chromatography/mass vspectrometry '(GC/MS)‘ Was performed by'. E

.1nterfac1ng a HP model 5890A GC to 3 HP model - 5970 quadrupo]e mass ’

spectrometer- InJect1on of 2 ub of sample was made 1nto the GC (v1a a

splitless injector) onto a 12.5m x 0.2 mm i.d. fused siliga, wa]l-
coated HP-1 capillary column obtained from HP. The carrieﬁ‘gas'was
helium (1inear velocity was 35.5 cm/secfatf300°C), and the temperature

was increased from 40 to 300°C at 10°C/mih beginming 1~ min. after

. injection. The oven temperature was ma1nta1ned at 300°C for 8 min, .and

-the 1n3ector transfer line and jon source were ma1nta1ned at 250, 300‘

and 2200C. respectlvely Data was acqu1red 2 min after 1nJect1on using

a HP mode] 59970C data system Mass spectra] scans (from 35 to 350

amu) were obtained every 1.36 seconds.

<

4.2.9. High Pressure Liquid Chromatography

fAnalysis for 6;7- and 6,8-DMQ in water was performed using a



} Waters (M1111pore Corp , M11ford MA) high pressure - liquid

chromatograph The system consisted of two M6000 pumps, a model 680

so]vent programmer, a mode] 7108 autosamp]br, and a model 450 variable .

wavelength detector. Separattons were performed on a 15 cm x 4. 6 mm

‘”j.d. SupeTcosi1 LC-PAH, S-pm co]umn»(Supe1co% Inc.). Analyses were

‘ performed ' isocratical1y using aceton1tr11e (70%) ‘and  ammonium

_phosphate buffer (pH 6. 5) Ftow rate was maintained, at 3.0 mL/m1n and'

absorbance was mon1tored at 233 ‘. Fo110w1ng 1nJect1on of 15 to 20 ulb
of samp]e, chromatograms were recorded and integrated- uswng a Hewlett-

‘0
Packard mode1 3388A data system

4.3, Results
4.3.1. Method Evaluation

~ Recovery .of 6)7%DMQ from fortified tissue (liver,. muscle and
" carcass) s summarized 1n table 4-1.° .
| From these results 1t is: apparent that acceptab]e levels of

recovery for 6,7- DMQ from fort1f1ed f1sh t1ssue samples*‘gs obtained.

TKe h1gh recovery of tota] so]utes from the 11ver samp]e may be

,fattr1buted to the non- speC1f1c1ty of the GC/FID method used and to the
co- e]ut1on of b1ogen1c mater1a1 However the " level of this

,dnterference (obta1ned when ana1yz1ng contro1 samples) was not so high

as to warrant further sample c1eanup or reana1y51s by a more specific

‘method such as gas chromatography/n1trogen phosphorus detect1on
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" (Ge/NPD).

na]ysis of tissue (musc]e, 11ver, and carcass) as wel].as bile

126

was p rformed pr1mar11y uS1ng GC/FID Although th1s method of anaTys1s N

is not‘as select1ve for qu1no]1ne derivatives as GC/NPD the extracts

.obtained were sufficient1y clean in the region of the,chrpmatogram

where 6,7-bMQ and 6,8-DMQ appeared that this method was found to be
more practical. Reference to figures 4-1Ato 4-5 i]]estrete this logic.
- The figures contain chromatograms obtained from"tissue samples
(muscle, {liver and carcass) fortified with‘6,7;DMQ and 6,8-DMQ as well
as bife btained from ffsh‘exposed to these chemicals. These GC/FID
chromatogriams were compared to control tissue and bile samples and it
was concfu ed that in most cases the samples were sﬁfficient1y clean
that GC/FID analysis was prac}ica1. The only exception was fish liver
in which a| false positive was,observed for 6,7-DMQ in the control
sample. This was attributed to co-eluting biogenic material. Although
the level of 1nterference was observed to be small (1 ug/g) Tliver
samples obtained from fish exposed to 6,7-DMQ and wh1ch had depurated
were analyzed by GC/NPD. * ‘ e
| Another reason why GC/FID analysis was preferred over GC/NPD, cae\
be deduced from tab]e 4-2 which is a comparison of the precision and
accuracy obtained w%th these methods for the amalysis of reference
solutions containing 6,7-DM] and 6,8-DMQ.

These results were obtained by analyzing replicate solutions

conta1n1ng 6,7- MQ and 6 8-DMQ during ana]y51s of tissue samp]es @1:

(liver, muscle, land carcass §V GC/NPD and GC/FID The regime emp1oyed*

specified the na]ys1s of one reference solution after every th1rd
|

!
. ) . t
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tissue sample (muscle and carcass) by GC/FID and the. analysis of one
reference solution after every liver sample using GC/NPD. From this
table it is apparent that GC/FID analysis was the more accurate since

the observed relative error was less than that observed with GC/NPD.

4.3.2. Tissue Distribution of 6,7-Dimethylquinoline in Fish

Table 4-3 is a summary of the tissue distribution observed for
, fwsh exposed to 6,7-dimethylquinoline with no depuration.

Mean exposure concentrations of 6,7-DMY were determxned by HPLC
analysis of aquarium water obtained at regular t1me intervals dur1ng
.exposure (n=6-9). | |

The tissue d1str1but1on observed for fish exposed to 6,7-DMQ
after depuration far 69 - 96 h is revea]ed in table 4-4.

As mentioned previously mean exposure concentrétionﬁ were
determined by analyzing water samples (taken durin§ exposure, n=6-9)
using HPLC. .‘. ' , ;

"From table 4- 3 1t is ‘evident that 6 7-DMQ js readily taken up by
fish and b1ocentrated from water in muscle, ﬁ1ver, bile and other
tissue (carcass). Mean bioconcentration factors (fram water, n=3) were
determined to be 21, 18, 6 and 14 for bile, liver, muscle and carcass
respectively. These were calculated by dividing the mean fissue
concentrations by the mean expdsure concentrations (tabTe 4-3).

Frqm table 4-4 it is also evident that 6,7-DMQ is readily

dépurated. No detectable levels of 6,7-DMQ were observed in samples of

'1iver‘énd bile taken from fish which had been exposed to this chemical
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and depurated for 69 - 96 h. Detection limits were estimated to be
0.05 ug/g for carcass and muscle and 0.5 ug/g and 10 ug/g for liver
and bile respectively u.:ing GC/FID analysis. The varying detection

limits are a reflection of limited sample size (20 g for muscle and

carcass and 2 g and 0.l'g for liver and bile respectively) and not

methodology differences. A

Despite depuration (69 - 96 h), 6,7-DMQ was sti]].found to be
present in muscle and carcass at detegtab]e lévels. Mean Va‘lues were
det‘écmined to be 0.54 and 0.48 ‘p.g/'gk for muscle and ' carcass

respectively (n=4). -

A9
4.3.3. Characterization of 6,7-Dimethylquinoline Metabolites in

Exposed Trout

Extraction of bile (with ch1oroform-methaho]). obtained from fish

exposed to 6,7’-DMQ, and analysis of the extract using GC/FID re'v?ealed',

(""\
the presence of mainly  parent compoyund (figure 4-6; upper

chromatogram). However, enzymatic hydrais of the aqueous phase

derived from the 'previous extraction, followed by extraction an,‘dJ

GC/FID analysis of the hydrolyzate revealed the presence of two large

GC peaks (figu‘re 4-6; bottom chromatogram) which suggests the pr"esence'

of corijugatédwfﬁétrabol ifes. 9

Analysis of bile obtained from fish exposed to 6,7-DMQ, after

enzymatic hydrolysis and extraction, by GC/MS produced three important

mass spectra (figure 4-7). The spectrum appearing at 12.348 min was
. \‘\ R
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correlated with the‘ parent compodnd as the observed spectrum and

retention tiu%e matched that observed for reference material. Mass
spectra obta(ked at retention times of 15.588 and 15.646 min (figure
4-7) were identical. Further mass spectra were retrieved and studied
from various poigts along the broad unresolved peak observed in the
total ion chromatogram (figyre 4-7; top). No differences. in the
observed specfra were apparent. Analysis by GC/FID did reveal two
distinct peaks so it is apparént that the major metabolites of 6,7-DMQ
consist of at least two compounds with similar mass spectra.

In corder to ascertain whether or not thefe metabolites were
phenolic and to obtain further structural information, an extract
cofitaining the above metabolites was subjected to an aqueous
acetylation. GC/FID analysis of the resulting extract revealed that no
reaction had taken pface as wog]d be expected w\th alcohols. Phenolic
hydroxyl groups would acetylate under the conditions employed (Coutts

‘h\et al., 1979). For'confirmation,'these results ‘were compared to those
obtained from an attempted acety]at1on of benzyl alcohol. GC/MS
analys1s of the resu1t1ng solution again showed that no acety]at1on of
benzyl a]cohol occurred.

"In order to provide further structural information for the
metabolites obtained from 6,7-DMQ an extract containing these
metabolites was also subjected to acylation using pentafluorbenzoyl
chloride. Figure 4-8 is a summary of the results obtained when the
acylated extract conta1n1ng the metabolites was amalyzed by GC/MS Two

well resolved GC peaks were observed "(upper total ion chromatogram)

and the corresponding mass spectra were retrieved and found to be
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similar.

The above results were compared to those obtained from the
pentafluorobenzoylation of benzyl alcohol. GC/MS, analysis of the
ensuing products revealed that benzyl alcohol partially rea\cted (or
reacted then partially hydrolyzed). GC/MS  analysis of metabolites
obtained from the bile of fish exposed to 6,7-DMQ before and after
pentaf]dorbenzoﬂation revealed 'the presence of two major metabolites
with similar mass spectra. Concentrations of .these metabolites were
determined in bile of fish ekposed to 6,7-DMQ using GC/FID and 1-

hydroxymethylnaphthalene as a qua'ntitatibn standard. Since the two

major metabolites were not well resoltved on the GC column, the tota]_

area observed for the two compounds was employed in the calculation

and therefore the combined concentration was reported. Tabﬁz 4-5
summarizes these results.

From thesé results it can be seen that depurating fish had higher
levels of metabolites in their bile after exposure to 6,7-DMQ than did
fish who were exposedv to this chemical but were not amto
depurate they chemical. It is also interesting to' note that the
concentration of metabolites varied as a fu\nction of feeding during
depuration presir;@b.._l',‘y,due to bile clearance. Although the lowest
concentration d%ﬁé’;aboﬁta was observed for a fish which was allowed
to feed durin‘c}*;;‘fepuration (Table 4-5; 811 ug/q), ‘th“é highest
concentration was also observed for a fish which was allowed to* feed
during depuration\(1494 #9/9). This might be explained by the fact
that t‘he fish were very stressed during exp"osurg and this stress may

have had an eff;ect on bile clearance.
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Analysis of l{ver for conjugated metabolites wusing GC/FID
revealed no détectaﬁﬁe levels which suggests that these metabolites

I

i

are quickly excreted into the bile.

4.3.4. Distribution of 6,8-binethquuinoline in Fish Tissue

The tissue distribution of 6,8-DMQ in fi;> which were exposed to
this chemical in water for 8 h and then sacrificed (i.e. no
depuration) is shown in table 4-6.

Tissue distribution for 6,8-DMQ following exposure and depuration
is shown in table 4-7. K

From table 4-6 it is apparent the 6,8-0MQ like 6,7-DMQ is readily
taken up by the tigsues studied during exposure. Mean
bioconcentration factors from water were determined to Qé(23, 20, 13,
and 25 for bile, liver, musc1é and Carcass respectivély. Again these
were determined by dividing the mean exposure concentration into the
mean tissue concentrations (table 4-6). v
Mean exposure concentrations of 6,8-DMQ, in water were' determined by
HPLC analysis of aquariud’water obtained at regular time intervals
during exposure (n=6-9). | ‘

Although 6,8-DMQ is readily bioconcentrated in tissue after
exposure, from table 4-7 it is evident thét this chemical is also
eliminated from tissue during depuration. The mean concentration of
6,8-DMQ observed in muscle after depuration was found to be 0.49 ug/q.

This mean concentration was similar to that observed for fish muscle

4
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obtained from fish exposed to 6,7-DMQ after depuration (0;54 49/9;
table 4-4). “One noteworthy observation is the mean concentration of
6,8-DMQ in carcass of fish after exposure and depuration (table 4-7).
This mean concentration (3.19 ug/q) is significantly higher (p<0.05)
than that observed for carcass obtained from fish after exposure to

6,7-DMQ and depuration (0.48 ug/g - table 4-4).

4.3.5. Identification of Metabolites in Fish Exposed to

6,8-Dimethylquinoline

GC/MS analysis of bile obtained from fish exposed to 6,8-DMQ
after enzymat{c Hydro]ysis and extraction revealed the presence of
four GC peaks (top of figure 4-9). The mass spectrum for the peak at
retention time 11.432 min l(figure 4-9; bottom) was retrieved and
concluded to be parent compound because the observed mass spectrum and
GC retention .ime were ‘simﬂar to that obtained for 6,8-DMQ. Mass
spectra for the remaining peaks or metabolites were retrieved and are
shown in figure 4-10. These peaks were not found to be present in
control fish and appeared in exposed fish bile only after enzymatic

hydrolysis indicating that they are conjugated metabolites.. The

! .
metabolites appearing at the retention times of 14.674 and 14.853 min

possesé®similar mass spectra; however the mass spectrum obtained
from the metabolite appearing at retention time 14.993 min was
different from the other metabolites. The three metabolite spectra all

contained a strong molecular ion with a m/z of 173 amu.

In order to obtain further structural information a bile extract
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{1lustrates the total ion chromatogram obtéinédj for this ac AL
extract during GC/MS analysis. Two prominent p};ks{ in he 3&3&3\%

window of 14 to 16 min were observed: Mass Specu'o éor tbesf

J '; m‘

were retrieved and are shown in figure 4- 12¢.J‘ mé%spreclrhm of th
‘hQ J ‘O.r' e ™
peak at 15.077 min was -similar to thatf@bta%ﬁéd for ohe’,xpf tlﬁ
K
metabolites illustrated in figure 4- 10 Mhucﬁ had virtually the sameﬁ,

‘retention time (14.993 min) (figure ‘A 16 bottom) This observét;io}!‘

indicates that this metabolite did not acetylate and therefore ycas no’tﬂP
S “.
~ phenolic. - :,.3,,;‘"

An extract obtained from bile of a fish exposed to 6,8- DMQ, "which

contained metabolites, bwas also subjected to ac.'ylatwn with PFBC in

acetylation, two major G’
Mass spectra were retr1eve’i for these peaks occurr‘nglzt retention
times of 19.785 and 20.435 min. respect)vely and are displayed in
figure 4-13 (bottom portion). Study of'these?mass spectre reveals that
the compounds represented‘by the GC peaks are different. |

In order to follow the concentrations of metabolites in bili_as a
function of depuration, metabolites observed in fish exposed t616;8-
DMQ were quantitated in bile using GC/FID and 8-hydroxyquinoline as a
quantitation standard. Results are summarized‘ in table 4-8. These
results should also be read in conjunction with table 4-7 which shows

that fish identified by weights of 215 and 166 g were fed during

depuration and that ,the fish weighing 206 g was not fed during
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- depuration; -
4.4 Discussion
. | | | S |
- 4.4.1 Uptake and Elimihatidnof 6,-7-Di,.methy2|iquinol-'ihe.' PR ¢
o ﬁ L : : ‘ ¢
;v‘b11e« 11ver, muso]e and carcass “res pec*1VG’y,.fThese requts rare-.
. cons1stenﬁ w1th those reported by Bean et (1985) for‘the uptake andfw;ﬁf_v:_

found the zre]at1ve;

work’rs<‘

;“ﬂ > mUSC]e Wh‘]e 6, 7 DMQ was read11y,fi?f

abSorbed’ 1sh t1ssues ‘dur1ng 'exposure, it 4 a]so read11y;

'e]1m1nated. durgjg:‘per1ods of depuraﬁion' "This compound ‘was not" -
-udetected 1n b11e and1ﬁ1ver after 69 h of: depurab1on Furthermore mean;'g

'-concentran1on 1eve55 1n musc]e and carcass were reduced toA0\S4 and';e'
 a0 48 pg/g respect1ve]y TTnese resu]ts are a]so cons1stent w1th those'“cv

o obta1ned by Bean et a] (1985) Who observed a s1gn1f1cant decrease 1n,sl PR

»qu1n011ne concentnat1ons 1n b e,:]nver, k1dney, musc]e, gut 911],

ucfx, and eye after 24 h depurat1on -f"

'\','l
A



408,200 Characterlzatlon of 6 7-D1methquu1nollne Metabolltes in

Exposed Trout o

When b11e obta1ned from f1sh eXposed to 6 7 DMQ was extracted‘

";:/'before and after enzymat1c hydro]ysws, the presence of metabo11tes was." 3

v’revea1ed on1y after enzymat1c hydro]ys1s (flgure 445) Two d1st1nct 6
: peaks were observed w1th s1m11ar Q&ss spectra The mo]ecu1ar 1ons in t

;sspectra of both metjbof1tes were of m/z 173 whereas the molecu]ar 1on
: 0

..ijqof 6, 7 DMQ was of m/z 157. Thus, both metabo11tes were mono- oxygenatedfifa-“b

‘ﬂ'tﬁfder1vat1ves of the substrate 6‘7 DMQ ThlS 11berat1on from b11e 0n1yc”

“’dafter hydro]ys1s suggests that the metab011tes were conJugates with

'i:fg1ucuron1de or sulfate Attempted acety]at1on of: the enzymat1ca11y ’ o

" 7v etabo11tes were conJugated a1coho1s and not pheno]s s1nce it was -

7 condit i

3?.fiju1nol1ne nuc]eus can exp1a1n such a mass’ spectrum Our conc]us1on

o . E

'f.;hydro1yzed metabo11tes fo]]owed by GC ana]ys1s revea1ed that ’“ot -

1”reactﬂon had taken p]ace Th1s observat1on 1nd1cated that th pr1mary;r~ :

.i‘fknown that pheno]s are \acetyTated under the cond1t1ons emp]oyed g‘":gﬁy

S 3 :
e’ reference.,‘
: d\ S 1 rd *

'*:compound benzy] a1coh01\ d1d not - undergo acety1at10n. ‘under these.'ﬁ

;_(Coutts et al. 1979) f dnd it was conf1rmed thatﬂ

ect1on of thaw~;fss spectra (f1gure 4- 7) 1nd1cated a readyl
"“ﬁloss df water ?rom the mo]ecu]ar 1ons ‘to- generate the base peak of m/z fj

‘;w?155 T is. 1oss of wateniian be exp1a1ned by an ortho effect 1nv01V1ng :
‘_'adJacen+ methy] and /h&droxymethy1 groups (Beynon et al, 1968)

"=”presence of an a]coho] mo1ety at the 6 or T pos1t10n of thev -



‘“A;”71s that enzymatic hydro]ys1s of the bile re]eased the»two pr1mary

- metabo11tes, now identified as 7 hydroxymethyl 6 methy]qu1no]1ne and 4;;{ |

at

u"a

14

'f;5 hydroxymethy] -7- methquu1no]1ne These two isomers wou]d be e;p‘
(' to generate simiTar ‘mass- spectra A poss1b1e fragmentat1on/9échan1sm,
i*common to both mass spectra, is 111ustrated in figure” 4- 14. This

'mechan1sm was substant1ated by comparisons W1th known fragmentat1ons

| MacLean, -1’968),"‘”' S

,-T7Furtherievidence}suggest‘ he major primary'metaho]ites
| derived‘from‘the_metabOTis )
‘reaction njth PFBC.:This sulted in the formation of-two

“retention> times (figure 4-8).

1

d1stinct' GC peaks w1th
Furthermore, the mass spectra obta1ned for these two GC peaks were
~ observed to be s1m11ar Wh11e react1on of - the primary metabolltes w1thﬂ
PFBC 'was apparent it was also observed that this reactlon was not
quant1tat1ve because the presence of unreacted metabo11tes was a]so»

L

observed by GC/MS ‘analysis. This observat1on para]]eled that of benzy]

,alcohol which did not der1vat1ze quant1tat1ve1y when reacted with PFBC

‘h& "

$ B
(3 zér

| ‘~u; of*benzy]_a]coho] (Beynon,et al, 1968) and a]ky]qu1nol1nes (Draper and

were\aJcoho1s was provided by

‘under. 1dent1ca1 cond1t1ons A 11ke1y fragmentation mechanxsm for the 5

PFBC derivatives of the primary metabol1tes is shown in ‘figure 4=15.
" The -base epeak of m/z - 155 in,‘ the 'mass spectrum of'f‘the
'.pentaf]uorobenzoy]ated metabo]1te 1s aga1n “the product of an ortho-

effect and 1nd1cat1ve of an acy1ated a]coho] and not of a pheno]

: These resu]ts permlt the postu]at1on that the maJor metabo]1tes

: of 6,7- DMQ are conJugated 6- hydroxymethy] -7- megmgiqu1no11ne and 7-

l-hydroxymethy] <6~ methy1qu1no11ne Because ofjtf.3'a§e w1th wbxch they




L4

are3 hydro1yzed the' conjuéates - are c]eaF%X elther sulfates or,

glucuron1des and not mercaptur1c ac1d conJugates, such as reported by

Bean et al, ( 985) for qu1no]1ne _
' ™

Quant1tat1on of metabo]ites was performed by ana1y51s using a DB-k

'1301 cap111ary column and 1- hydroxymethy1naphtha]ene as a quant1tat1on'
standard " The metabo]1tes separated much better on a. DB 1301:

cap111ary column than on -a DB 5 caplllary column on wh1ch la

4

as- a quant1tat1on standard in . the belief, that it wou]d have a"'

o

detector response S1m11ar(”to those of * 6- hydroxymethy]--f

methy]qu1no11ne and 7- hydroxymethy1 -6- methy1qu1no]1ne These standards

"hﬁxymethylnaphthﬂene tailed bad1y 1- Hydroxymethy]naphtha]ene was_»-
s

were not ava11ab1e to us. This assumpt1on was made more cred1b1e when

a GC/FID ana1y51s on a DB-1301 cap111ary co]umn showed that’ qu1no11ne

and ‘naphtha]ene gave a similar GC/FID. response (0.0720 and  0.0566
ng/un1t area respect1ve1y) ' |
In table 4- 5 it is observed that . metabo]xtes are concentrated in

the bile 347- to 710 fold, above the exposure 1eVe1 after. 7.5 h of

exposure After 7.5 h of exposure fol]owed by 96 h ofsdepuratlon the

N4
metabolltes are concentrated in bile 854 fo]d above exposure ]eve]s,

and after 9 5 h of exposure fo]]owed by 69 h of depuration metabolite

E concentrat1ons were observed to be, 1265- to 1494-fold h1gher thanu_

~_exposure 1eve1s The concentration levels observed for the metabolites .

'of 6,7-DMQ 1n b@]e are substant1a11y h1gher than those reported for'f

metabo]1tes of qu1n011ne in b11e after exposure to rad1o1abe1]ed

' qu1nol1ne Bean et aI (1985) found b11e levels of rad1oact1v1ty were1_

concentrated 370 ‘éﬁi Vt1mes above exposure water concentrat1ons Our




e

“'Finding,'howeveh, is in'keeping with that of Melancon and Lech (1979)

| 'who‘observed'greater btle-14c to water-14C ratios for fish exposed to

14C 2- methy]naphtha?ene than for f1sh exposed to 14c. naphtha]ene This

‘s

: fvwas attrxbuted to the greater uptake of l4c-2- methy]naphtha]ene The:

mean b1oconcentrat1on factor (from water) for quinoline in whole body

iextracts obta1ned from exposed Juven11e ra1nbow trout was 3.73 % 0.43

\ﬂ)
(Bean et al, 1985). In the current study, the mean b1oconcentrat1on

factor’for 6;7-DMQ in fish musq]e obtained from_exposed rainbow trout

was 5.86 + 1.68 fn=3). It is concluded that 6;7-DMQ metabolites are

more highly coneentrated in bite of exposed fish than metabolites of

‘quinoline itself.

4.4.3 Uptake and Elimination of 6,8-Dimethylquinoline -

“An inspection of table 4-6 reveals that 6,8-DMQ like 6,7-DMQ is

readily taken up by fish .tissues during exposure to these qu1no11ne

derivatives. Mean b1oconcentrat1on factors from water were determined
to be. 23; 20, 13 and 25 for b11e, 11ver,;\musc1e end carcass
respectively. . _ 3

‘Although 6,8-DMQ is readily. bioconcentrated in tissue after
exposure, it is evident, from teble 4-7 thatvthis chemical is also

e11m1nated from tissue during depurat1on The mean concentration of

6,8-DMQ observed in muscle after depuration was found to be 0.49 pg/g,

a value similar to that observed for ftsh nuscle obtained from fish

exposédp,to 6,7-DMQ after depuration (0.54 ug/g - table 4). One

notewonthy observation is the mean concentration of 6,8-DMQ in carcass

i



of fish. after exposure and depuration (table 4-7). This mean

concentration (3.19 39/9) is significantly higher than that obserVed

for carcass obtained from fﬁ;h after exposure to '6,7-DMQ and
depuration (0.48 wg/g; table 4-4). This ‘Fesult indicates that these

- isomeric DMQs have d1fferent t1ssue d1str1but1on propert1es

4.4.4, Identification of Metabolites in Fish Exposed to 6,8-
v . ‘ _

Dimethylquinoline

_ a GC/MS anafysis of bile obtained' from fish exposed to 6,8-DMQ
after -enzymatic hydro1ysfs and ektraction revealed the’presénce of 3
poorly reso1ved GC peaks These GG peaks appearedvoﬁly after ‘enzymatic
hydrolysis of the b11e ‘indicafing, that they were derived from
'g]ucuronidé or sulfate conjugates. When mass ;pectra'were retrieved
for these GC peaks,lthe_Spectra of those with’retention times of
14.674 and 14.853 min were almost identical, whereas the peak with a
retentibn tihe of 14.993 min had a unique mass spectrum (figure 4-10f.
The hydrolyzed extract containing metab011tes, was acetylated and
reana]yzed by GC/MS. Two GC pea;;‘*were obta1ned ang their ‘mass
.spectra were recorded. This revealed that the peak with retention time
15.613. was acetylated while thegpeak w{th retention time 15.077 min
was not (figure 4-12). The mass spectrum of the peak,of:retention time

15,077 min (figure 4-12) was identical to the one observed before

“acetyiation "at retention time 14.993" min (figure 4-10).  These

observat1ons suggest that the pr1mary metabolites c9ns1st of a]cohols

and pheno]s Since the GC peak appearing at 14 993 min (f1gure 4-10)~
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~did not acety1ate it s conc1uded that\4this metabolite is 8- ;

»hydroxymethy]-6-m§fhy1quino]ine or its i omer, 6 -hydroxymethy1-8- -

methy]quino]ine.
(f{gdre'4-10) arekstructura]]y'reiated phenols wh{ch are acetyTated to
products that -prﬁduce a ;ghg1e unreso]vedv GC peak.‘ The GC peak
‘appearing at RT 14.993 (fighre 4-9; top) and RT 15;077l(figure 4-11)

| is 1fke1y that of 6-hydroxymethy1-8-methy]quin01ine. This structure

was sdeduced from the resu]ts obtained by analyzing rbile of fish
,exposed to two reference qompounds, 6- methy]qu1nol1ne and 8-

methylquinoline. Mass spectra were obtained and it was revealed that

'he GC peaks appearing at 14.674 min and 14.853 min

the major metabolite present in the bile of fish exposed to 6-

methylquinoline had - a mass spectrum w1th features similar to. that

: observed for ®, 8- d1methy1qu1n011ne (figure 4 16). The common feature.

‘11 i.

) Avlw

was the presence 'of a strong (M-29)* ion, believed to ‘arise by the

expulsion of a CHO radical. Furthermore, comparison of the mass‘

L . | .
spectrum obtained from the bile of fish exposed to 8-methylquinoline

to that of a reference specfrum of 8-quinolinemethanol (Eight Pedk

Index, ‘1986) revealed that  the mono-oxygenated metabok(te of 8;[

methylquinoline was not the hydroxymethyl compound. With this evidenceﬂ
L ]

it was deduced that the metabolite appearing at retention time 15.077(5

min (figure 4-11) was 6-hydroxymethy1-8-methy1qu?no1ine. A postulated

fragmentation mechanism ‘is shqwn*jn figure 4-17. The mass spectrum

(figure 4-12) observed for the acetylated GC‘ peak appeariﬁg at RT

15.613 min (figure 4-11) is rationalized-in figure 4-18. .This peak is

Tikely . phenolic, ‘good candidates are 3-hydroxy-, 5-hydrdky- or 7-

hydroxy-6,8-dimethylquinoline. - .

L.



In order toA obtain further sthCEurg1 {nfo}matjon an extract
obtained from bile of a. fish exp0§ed: }o G.Q:bhﬂ,' which contained
primary metabo]i;es,égfs also subjécted t6'a9y1§t16n with PFBC. As in
the case with acetylation, tt;/yéjor GC peaks were observed (fjgure'4-

13; top). Méés spectra  wer retrievéd~ for the peaks occurring at

retention times of 19.785 ahd‘20.435 min and are displayed in figure

\\\4513 (bottom portion). The observed 'spettra were unique. The mass

Spé&trum of the peak of RT 19.785 min is due to co-eluting phenols,

likely 5-hydrox}l6,8-dimethy1quino]ine ~and 7-hydroxy-6,8-

' dimethy1qhino1ine. Two phenols are suggested because the extract from

eniymatica]]y hydro]yzed~bile'obtained from fish exposed to 6,8-DMQ

produced three GC'peﬁks (figure 4-9; top), which, on acetylation,

were reduced to two GC beaks (figure 4-11), one of which was concliuded

to be 6—hydroxymethy1-8¥methy1quino1ine. This observation suggests

- that the two phenols present formed acetates which chromatographed as

an unresolved GC peak. Studies conducted by Bean et al (1985) revealed

that 2- and 4-hydroxyquinolines do not form acetate derivatives.

141

Therefore, the two pheno]é of interest must be two of the three °

possibj1ities, S-hydroxy-, 7-hydroxy- or 3-hydroxy-6,8-
dimethylquinoline. A proposed fragmentation mechanism to accommodate
the obsgzxgd‘mass spectrum (PFBC derivative - ﬁT 19.785, figure 4-13)
is shown in figure 4-19. The mags spectrum of the analyte of RT 20.435
is consistent with it being the PFBC derivative of 6-hydroxymethy1-8-
methy]quino]iﬂe. A'proposed fragmentation mechanism is shown in figure
4-20. |

‘In'conclusion_it‘is apparent that both 6,7-DMQ epd 6,8-DMQ are



- readily absorbed by fish tissue and metabolized. The~majbr metabolites ‘

df 6,7-DMQ were shown to be alcohols whereas the major metabolites of

6,8-DMQ wére‘shown” cohsiéf»bf an alcohol and at least twa phenols.
:After'deburation for up to 96 h along with feeding, high levels (>1000
ug/g) of metabolites were still present in the bile of fish. Since
bioabsorbed”metibo1ites are frequently the source of toxicigf'(Bean et
al, 1985 aﬁH Krahn et aZ, 1984) such a finding may bethause for

concern and should be investigated further.
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4
Table 4-1 Reoovery of 6,7-Dimethylquinoline From Fortified Fish
Tissue
. ( .
Tissue Mean Replicate Range Fortification
type Recovery Analyses of Level
(%) Recoveries (49/9)
%).
‘_—--‘-‘~---_-_-‘--’-‘-_-----—----‘-----_“--t\f‘: -----------------
"//"r
muscle 98 4 : 90 - 106 1.15
. carcass 97 2 95 - 100 1.15
liver 115 1 | 6.70
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6,7-DMQ 6,8-DMQ

Amount added, A (ug/mL) ) 22.98 27.{2

Amount found by GC/FID, x (mean) 22.89 : 27.71

Number of observations, n 19 19

Sta deviation, s : 1.70 | 1.81

Rem standard deviation, 7.39 6.53 (

s/x . 100 '

Relative error, A-x/A .100 0.04 - 0.39

Amount found by GC/NPD 22.09 28.27 ’
Number of observations 7 7
Standard deviation, s ‘ 1.26 1.55
Relative standard deviation 5.70 5.48

Relative error 3.87 1.98



t
Table 4-3 Tissue Distribution of 6,7-Dimethylquinoline in Fish
(No Depuration)
Replicate number : 1 2 3
Weight of fish (g) 164 180 183
Length of fish (mm) . 242 247 247
4
Exposure time (h) 7.5 . 7.5 7.5
' .
Me,ap exposure conc. (mg/L) 1.00 1.10 0.98
‘»";E_x%‘&sure .conc. répg.e‘(mg/L) 0.94-1.07 1.02-1.20 0.92-1.04
.‘! . ‘: )L'_ L Jgin_ ® ; ?' ‘ .
giconcenékation {ugA 17.72 24.2 “ 24.1
5 ’%‘ 5m} . oy AT ' -
: LoW {eptg) 7. ;%4 o, 17.2 20.2
45, ey V:}t"j-f_," .‘f*ﬁ\:w \; . ‘ . R .
ribRsbrg) <475 8.58 4.94
17.0 5.6

146



»,
. &
“ »
4
Table 4-4 Tissue Distribution of 6,7-Dimethylquinoline in Fish
——-/ After Depuratian '
Replicate number 1 | 2 3 4
Weight of 4fish (g9) 308 269 188 308
Length of fish (mm) 288 277 210 284
Exposure time (hM) 9.5 9.5 9.5 1.5
Depuration time }IQ 69 69 69 96
Mean exposure cofmg,u.)\ | q‘.94. 0.98 1.00 .95
'txp. ¢onc. ‘r‘ : mg7L) 0.89—1.0;'0.90-1.12 0.96-1.0?0.{1.07
' - _Bile concentratish (?:g/g) Nl()\J ND ~ND ND
»n Liver concentration (ug9/g) " ND " ND ND ND |
Muscle concentration (‘ug/g) 0.58 0.41 0.68 0.50
Carcass concentration (ug/g) 0.44 - 0.37 0.55 0.57
Fed duriﬁg depuration Y - N :: Y Y



RETIRTREE SR SIS R
- Table 4-5  Concentration of Conjugated Metabolites Found in the’

)

A Biie, of Flsh Exposed tq é,7rDinethquuj.rioline'

Exposure Weight . Depuration- Mean Concentration .
- time . of -~ _time © Exposure - . of ° .
“o h) 4 +fish o (hy - .. . Conc. .~ metabolites:
el Ay T wmg/t) . (pg/g)

e ki e e e e e e e e e e m e m e e w e mS awmmmea ==———e

Cus

7.5 184 0 L00. o o3ar e

7.5 180 0

.75 .18 0 . 098 T3z

750 38 - . 9% 09 > 8l
9.5 - 269 " . 69 . 098 1260
95 188 .69 100 - 1494

Ca




Table 4'.-6  Tissue Distribution of 6’,8-Dj.methquuinqliné‘ in Fish

o | Eb .(No‘ Dépuré_tion) o | |
ST R s
Rep]icate number - ' o 2 N 3 e
Meight of fish (¢) - 235 ©" a5 208
Length of fish (m) 268~ 267 .t 259 - SR
’Expoégre time (h) . . s 8 'w.u;,?;g j‘
Mean exposurebconc. ‘mg/L) 1.22 - f ﬁ0.90 T g@r 71.08 |

Exposure conc. range (mg/L) 1.08-1.38. . 0.78-1.06 10.96-1.26

;-Bile'cpncentfation (ukg/g) .+ 29.7 19.0 © 26.7
Liver concentration (;g/g) 26.2 . 16.8 21,0
Muscle concentration (pg/g) 2.9 1600 o 124
Carcass'cbncentratidﬁ;(pg/g)‘vilzé | . 31.6 s 37.2
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'*Table‘4—7 - D1§tr1butrbn oﬁdﬂqBermethquulnollne in Fish Tissue
After Exposure and De tlon
________________ A B Q
‘ | ; | ;
S g K
Rep]1cate qymber ' ETEEE SRR 2 -3
We1ght of f1sh (g9) B ls‘ ;. -215n»¥f V‘. TI166‘ 'v' . 206 -
~\Length of sth (mm) i“Zﬁp' E . :%44 |  }- B 255 _g
‘A},E*pOSQFeﬂtime (h)’zl t» .n7 L -7 ' 7 |
Depuration the (h) . 63 63 63
Meaﬁ exbdsure conc. .(mg/L)‘ 7pli04 | 133 0.97
» Exposure conc. range (mg/L) b.94:1.26 ‘,1;25fl.50 0.87-1.12
'B11e concentration (u9/9) '}gi}'. “~; " 3 8 - 7.0
Liver concentration (ug/g)” 0.90. °  0.49 0:61
~ Muscle conoceri;rgti'o'}i (ua/a)  0.58 . 0.45 C0.47 e S M |
'Carcasﬁ cgﬁceﬁiratiqn (sg/q) " 1.86 L . 571 . &
Fed during depuration Ly y n

e T T T I A
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Table 4-8 - Concentration of Congugated Me;abollﬁkggﬁound in the
| - Bile of Fish Exposed to 6, 8-Dlnethy1qu1nollne
_____ ! -d-__n\ﬁh__
‘ ‘ \ -
Exposure Weight = Depuration  Mean Concentration
time =~ of " time " Exposure of -
(h) fish (h) Conc.” metabohtes
(9) (mg/L) % (n9/9)"
' J%#I #2 #3
) 235 0 1.22 7280 241 766
- L . R »
265 0 0.90 172 244 648
259 0 1.08 241" 273 970
215 . 63 1.4 5 0 36 - 89
7 186 63 . 219 675
1049
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Y _RT 14.15 min

*-RT p2. 98 min
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6,8-0imethylquinoline RT 12,75 min
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Figure 4-5 UPPER: CONTROL FISH CARCASS;
LOWER: SOLUTION CONTAINING 6,7-
AND 6,8-DIMETHYLQUINOLINE
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HYDROLYSIS AND FURTHER EXTRACTION
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Later et a~7\l 1981)

Intrcductlon i ‘f: [ ;<~}“:g

The Qccurrence of po]ycyc11c aromat1c n1trogen heterocyc]es
(PANH) v var1ous fue]s and products of combust1on is we]]-
estab11shed Their occurrence in coa1 tar has been\known s1nce the

g

ear]y 18005 (écheson, 1967), more recent]y they have been 1dent1f1ed

N &‘ in both natura] and synthet1c crudes (Ford et a7 1981 Tomk1ns and

H 1982‘\and Schm1tter et al ‘1982) and 1n subsequent]y der1ved
d1st111ates and o1ls (McKay et al. 1976 Novotony et a7 1980 and

-4

Through the use of foss1] fue]s PANH have become w1despread in

the env1ronment (Fur]ong and Carpenter, 1982 and Wakeham, 1979)

: Compounds such as qu1no]1nes and benzoqu1no]1nes have been 1dent1f1ed

-

on a1r partncu]ate matter\\from Europe (Brocco et a7 1973),

Un1ted States (Dong et a7 19772 and the southern North At]ant1c /.'

/

/

. /'

Ocean (Hahn, 1980) Recent data 1nd1cates that these compounds are /

/
a]so present in amb1ent a1r in the vapor phase and at’ hlgher 1eve1
thah prev1ous1y reported on partlcu]ate matter (Adams et a7 . 1981)

. PANH have a]so been found in 1ake and mar1ne sedtments (Fur]ong and

i Carpenter, 1982 Wakeham, 1979 and B1umer et’ a?.;u 19773

N

. ’l-groundwater adJacent‘ to an.‘underground coa] ;gastficat1on site

/
R A
_ ~ i S o
Wh11e earller studies po1nted out that certa1n PANH éan be more
o
potent carc1nogens than the most. actfve polyaromat1c/fhydrocarbons

(Stuermer et al 3 -1982).

(Lacassagne et a7 1956), recent resu]ts of b1olog1ca1 test1ng with

:CVV_ foss1] Fue]s (Guer1n et a7 1978) re1nforce the1r 1m¢hrtance Many of

.;176*.;- o »i./_-e

~



: Wdthese compounds have been reported to be/toxic (‘idhu and Bla1r, 1975"
©fand Schultz et al., ;982),V teratogedic (Dunont et al., 1979),‘

jmutagemc, and/or carc1noggﬁg% (Ho et 4l., 1979, H1rao et a7 B 1976 ‘
and D1pp1e 1976) For: examp]e quﬁno,1ne and al] of 1ts monomethy] '
1somers were found-to be mutagens 1n he Ames Salmonella assay (D‘ﬁg N '

i?“¥§ jh'et al 1978) Qu1no]1ne, 4 methyl u1no1ine, and 8- methquu1no]1ne |

-

chave a]so been shown to 1nt1ate skin tumors 1n SENCAR mice (LaV01e éf°

Al 1984) L N Ty
o . N S \ o .
- T Cons1der1ng thEF\\many tox1c, mutagen1c, teratogen1c’ and

‘carc1nogen1c effécts that haVe been demonstrated for PANH, ‘the »

e
- ;v,w1despread d1str1but1on of these compounds in the env1ronment shou]d

. ~ B 2

//(t, cause concern More 1nformat1on on the orlg1n,*concentratjon, fate,

structure- activity. ;re]attonsh1ps : a‘d . effects ~of PANH onp the
environmént s required to assess 1mmed1ate ﬂ] nd 1ong term -
’env1ronmenta1 1mpacts | : ; /,,. | o A
\\hWe report on the aquat1c tox1c1ty.of 21 a]ky] qu1no]1nes us1ng.
\\\:'1um1nescent bacter1a (Photobacterrum phosphorrum) and on the aquatic
»tox1c1ty of 3 1somers of d1methy1qu1no]1ne us1ng ra1nbow trout (Salmo

' mgaqrdnerr) The genera] structure of qu1no]1ne ‘is 111ustrated in

’”:f1gure‘5f1.v' | FELN

oy




'5.2;‘ Experdmental . ._, | g o R &
. \ ' . . . f . ' ' o ‘ v" ) : ,

5 2 1 Chemlcals . o .
| Isoqu1no]1ne "_6-m5%hy1quinoline; 8- methy1qu1no]1ne, 2'6:‘;ypn
: f d1methy]qu1nol1ne and 2,4- d1methy]qu1no11ne _ were - obta1ned from'i"
A]dr1ch The rema1nder of the substituted qu1no]1nes were synthe51zed,f e
“!’1n the Un1vers1ty of Alberta Chem1stry Department us1ng the procedure ,"vv;'\\
~ of Manske et al (19{2). Most.of the latter were available 1n-]1mrted‘
h quantlty 'A _ ' | ; _. | ' _ ‘
‘fﬂﬁ Stock so]ut1ons of the subst1tuted qu1no11nes were prepared by 7/‘5"§'
: we1gh1ng the 1nd1v1dua1 compounds 1nto a 10 mL vo]umetr1c f]ask and
d11ut1ng to vo]ume w1th d1ch1oromethane Ih1s resu1ted in a AL ™
concentrat1on range of 1. 5 to 15 mg/mL Purlty of the compounds was
determ1ned by gas chromatography/f]ame ionization detect1on (GC/FID)f
' and gas chromatography/mass spectrometry (6C/MS) to be greater than
*97% - for ”ea1J' compounds , except | 7,8- dtmethquutnollne A and 3,8—
, dimethy1Quino1ine, which were. observed'vto’ be 69.jand '93% pure
‘\ respect1ve1y - | -
| Aqueous so]ut1ons of subst1tuted qu1no11nes were prepared by
add1ng a11quots (250 - 1000 uL) of the stock so]ut1ons*to a 100 mL
~ volumetic - f]ask removing the so]vent by n1trogen -evaporation and
d11ut1ng~to vo]ume with d1st111ed and de1on1zed water. ConcentratlonSA

\ ——

of the subst1tuted 'qu1nol1nes were determ1ned by h1gh performance '

B chromatography Other sets of aqueous so]ut1ons were prepared

_ s1m11ar]y for 3,6-, 5,6- afd 3, 5 d1methy1qu1no11ne except ‘that
phosphate buffer (pH 7.0) was used as the diluent. The buffer was
prepared by t1trat1ng 50 ‘mL of ,071 , potass1um d1hydrogen

A



,v;;;\,}orthophos:phate | (Fisher Scientific) ith 5.1 M\ sod'i'um hyd?oxide' }
(Fisher) to- pH. 7 0. ‘ . A

A ] . 0 .

';? “ Ammon1um phosphate buffer was prepared by add1ng I.0 mL - of o
. phosphortc acid (85%) to 1L of organ1c free water and t1trat1ng to pH
6.5 by dropW1se add1t1on of ammonlum hydrox1de (28 - 36%)

<

5.2.2 Gas Cnromatography“arxi Mass Spectmnetxy
“GC/FID ana]yses were performed using a Hew]ett Packard (HP),
mode] 5880 gas chromatograph Aftersanect1on of 2 ul of dlluted stockc
solution onto a 30 mx 0 32 mm i.d. fused silica, wall- coated DB-1301
cap1]1ary co]umn (0 25 pm film th1cﬁness, J&W- Sc1ent1f1c), the oven
temperature was 1ncreased frqm 40 to 2800C. at 10°C/m1n beg1nn1ng 1 m1n.
"after 1nJect1on i{e oven temperature waéﬁma1nta1ned at 280°C for 20
min . and the - 1n3ector “and detector were ma1nta1ned at 270 and 300°Cf}'
respectlvely The FID signal was p]otted and integrated using a 1eve]
‘four 1ntegrator The, carrier gas, he11um, ma1nfa1ned a linear-velocity
C of 31 cm/sec at 280°C. ' “
B GC/MS ana]yses were performed on an 1ntegrated HP mode] 5890A GC,
an HP mode1/5970 quadrupo]e mass spectrometer and a HP ‘model Jg970C
f data system. After 1n3ect1on of 2 ul of diluted stock so]ut1on onto a
12 5 mx 0.2 mm i. d fused silica, wa]] -coated- HP-1 cap11]ary column
(0 17 pm f11m th1ckness,»hem1e}t Packard)- the ~oven temperat(re')yﬁr /,/"
\,1ncreased from 40- to 3000C at . 0°C/m1n beg1nn1ng T m1n after

‘ 1nJect1on The oven temperature was ma1nta1ned at 300°C for 8 min, and

the injector, transfer line and ion source were ma1nta1ned at 250 300 ’ w’f

' ) &



and zzo°c respective1y Scann1ng (from 35 to 350 amu) was 1n1t1ated 2

min after 1nJection at a rate of 1. 36 s/scan The carrier gas, helium, f

| mainta1ned a 11near velocity of 35 5 cm/sec at 300°C

o )

'5:2.3.‘ High Perfbrmancé'Liquid.Ctuxxﬁatog:aphy :

]

o .

High performence_ liquid chromatOQraphy was* performed using a

Waters (Mi]]ipore Corp., M11ford ~ MA) high. performance l1qu1d
chromatograph The system con51sted of two M6000 pumps, a. mode] 1680

so]vent programmer, a model 7108B autosamp]er, and a model 450 vargeb]e S

*_wave]ength de'tector. Separat1ons were performed ,on a 15 cm x 4 6 mm
i.d. Supe]cés1] LC~PAH, S-pm. column ° (Supe]co, Inc.). Ana]y51s was
: performed ieocratica11y» ueing' ecetonitriler (70%) . and ammqnium

'phosphate buffer (pH 5. 5) as the ‘mobile phase Flow rate was

;ma1nta1ned at 3.0 mL/m1n and absorbance was mon1tored at’ 233 nm..
3

;ﬁy F011OW1ng 1nJect1on of dﬁ to 20 pl of the ~aqueous substituted-

o qu1no]1ne so]ut1ons, chromatograms were recorded and 1ntegrated uswng
a Hew]ett Packard mode] 3388A data system: '

= ' . * *

5.2.4. Microtox'Assay

Bacterial toxicity assays were performed“USing a Microtox
tbxicity ana]yzer' ~The analyzer, 1yoph111zed 1um1nescent bacteria
, (Photobacterrum phosphorium), and other assay reagents were supp11ed

_by M1crob1cs 0perat1ons of Beckman Instruments, Inc., Car]sbad Ca]1f

1
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The 1nstrument was equipped with'a photomultiplier ‘tube: located near a

reaction chamber whtch had an adaustab]e temperature range of 10 to

’ 25°C The ana]yzer was’ a]so equipped with a ten wadl incubator chamberr

sy which he]d the test temperature at 15 t 0. 3°C in all assays. Lﬁght
\

o

output was mon1tored using a chart recorder '_ ' K : 0

Al Mtcrotox b1o ssays were performed in dup11cate fo]]ow1ng

operat1ng 1nstruct10n and procedures prev1ous1y desdr1bed (Bulich et

‘87., 1981 and Lebsack et al. Y 1981) and are summarlzed as follows. “For

all tests 1.8 mL of the aqueous subst1tuted quino]1ne solutions and
0 2 mL of 20 percent sodium chlor1de solution . were. m1xed to yield an
1n1t1a1 concentrat1on of 90 percent. A]l subsequent samp]e d11ut1ons
were made from ‘this so]ut1on, us1ng the M1crotox d1]uent, so that 45

" 22 5 11.25 and 5.63 percent of the or1g1na] concentrat1on were
tested. . . ' |

The M1crotox reagent (]yoph111zed bacteria) was reconsfetuted

’ w~w1th M1crotox reconst1tut1on so]ution, and 0.01- -mL a11quots were

transferred to cuvettes containing 0:5 ‘mL M1crotox diluent

equilibrated (abouthlo min) at 159C. Initial light measurements were -
made three times for each cuvette ‘containing bacterial cell
‘j.suspens1on Diluent . contro] and sample d11ut1ons, equilibrated to 159C -

“in the 1ncubator we]]s, were added (0.5 mL) from the correspond1ng'

- Cuvettes to the 1um1nescent bacter1a1'suspens1ons Light measurements

were then made by cyc11ng cuvettes through the turret at 1-min

' 1ntervals, for 5 to 15 min tEJobta1n the f1na1 1ight output read1ngs

for- each cuvette. The dlluent control (blank) was used to correct

time-dependent drift tn samp1e 11ght output The ECsq for a]]

—~ ]
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“bioassays were ca]cu1ated u;ing the 1n1t1al 5 min and 15 mih\\ight*

(nlpve1s fo1low1ng the descr/bed method..of the manufacturer and Bplic
(19820 Data reduction employed the gamma function (r) which s the
-ratio of the amount otflight 1ost é% the amount of 1ight remaining

. Details of this data reduction proceés aref'

The EC50 .values were expressed in mil1igrams per\Q‘QQ’e for the
\ substituted quino]ines

» )

i L e . ' . '
et «
" . . . & N
(SRR \ . . ro
e . ¥

R

"5,2.5. Fish Bloassays*ij - ’ * |
| Unaerated 48-h stat1c b1oassays were performed oh. the fo]]ow1ng
cheh1cals, 6,7-, 6,8-, and 2 6—d1methy1qu1nol1ne Young ra1nbow trout -
(Salmo garrdnerr) whlchﬂhad on]y recent]y comp]eted resorption of yo]k
- material, "and we1ghedcfrom 80 to 155 mg. were used “in a]] bioassays.
Exposures were carr1ed out in 4.1 L ,glass jars wh15bﬂw5re filled to
capaC1ty with dechlor1nated Winnipeg city water. Test so]ut1ons of the
'; three d1methy1qu1h611nes were prepared by d15501V1ng we1ghed ‘amounts
of the(q&fflff)/ﬁ" 2 mL of 1,4- d\ethylene d1ox1de (1 4 d1oxane)
‘ After the add1t1on of fish and the test material Jars were
covered with a]um1num foil and sealed tlght1y with screw caps, to
'prevent volatilization of test materia] Only 5 fish were used per
‘ Jar and this 1oad1ng dens1ty was low enough that the dissolved oxygen
“—Jlevel remained above 60% of saturation, over the 48-h test period. The ’
fish were\\ﬁot fed for 24 he prior' to exposure A11 éxposures were
conducted in a- control]ed enV1ronment room with - the ;?emperature ‘
. mainta; ned at 10°C.

‘ B1oasseys~were also performed-on the carrier solvent 1,4-dioxane.

S : e
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- Test concentrations‘were‘made by adding 1, 2, 4, and 8‘nL'of solvent

to the 4.1 L jars. These exposures produced no ob: erved effect on the

test fish. The maximum trfa1 exposure was 1.9. mb/L comparqd with less

than 0.4 mL/L in the guinoline bioassays Test solutions were-obtained'

by addtng 2 mL solvent to the vial contalning the dimethquuinol1ne

The disso]ved-extract w]: then poured‘tnto a flask contafnlng 9L offr

r and a second 2 mL was also added from. the

i s 9 L of stock solut1on was then d11uted with dtffernng
whter) to obtaln the test concentrat1ons

5.2.6. Quality Control and Quality Assurance
Quality contro]/qua]ity assurance was maintained by repeated
test1ng of an aqueous solution" (ca. 10 Jng/L) of hexachloroethane

(n =16) durlng all M1Crotox test1ng of substituted qu1no]1nes

5.3 Results
Quality control data for the M1crotox assay revealed reasonab]e
prec1s1on and adequate agreement with published values for

hexach]oroethane 0ur mean ‘5-min EC5o (5-ECsg) was 0.31 mg/L (n 16,

s.d.=0.08 mg/L) compares w1th the value of 0. 14 mg/L reported by .

Curtis et al. (1982) The method prec1s12n, reflected by a re]at1ve
standard dev1at1on (RSD) of 25% over the course of the testing
program, p;pV1des a reasonab]e basis for compar1son of toxicity

values v e
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'A11-hqoeoos‘solut1ons of substttuted qujno]inesxyere made up in
slightly acidic water (pH 5.1). To check whether any o\§soc1at1on of
the quinolines, which are strong bases, was occurriﬁﬁ, solutions of
3,6-, 5,6-, and 3,5- dimethquuinoline were prepared in pH 7 buffer and
retested. No significant d1fferences were observed for either\s -min or
‘“15 -min ECgq values compared with test solutions prepared at pH 5.1.
For example 5- EC50 vaTues determined for 3, 6 5,6-, and 3 5-
dimethylquinoline at pH 5.1 were 0.30, 0. 74 and 1. 0 mg/L respect1ve1y

S1m11ar values were obtained for 3,6-, 5,6-, -and 3,5- d1methy1qu1no]1ne

at pH 7, namely, 0 36, 0.78 and 1.2 mg/L respectively. Fifteen- m1n:~‘

ECsp (15-ECsq) obta1ned for. these chemicals at pH 7 were observed to
be w1th1n a factor of 1 4 of those obtained at pH 5. 1

A summary of the Microtox test results. observea, for the El
quinoline oompOUnds is provided in table 5-1. AI] compounds
demonstrated linear responses for 1og gamma vs log of concentrat1on
thereby prov1d1ng a sound basis. for calculating the EC50 Only smal)l
d1fferences,were measured between 5-min and 15-min values but very
1arge'differences are apparent among compounds. For example, tox1c1ty
of/;;e d1methj*§u1no]1nes var1es over two’ orders ‘of magn1tude from
~ 0.30 mg/L (5-ECsq) for 3,6-d1methy1qu1n6ﬂ1ne to 29.9 mg/L (5-ECgq) for
2,4-dimethylquinoline. Toxicity for the Sre]ated compounds,
'1soqu1nol1ne, isohers of methylquinoline, 3-ethylquinoline, 3--
1sopropy1qu1no11ne, and 2 -methyl-8- ethy]qu1n011ne fell w1th1n the wide
range exh1b1teo by the isomers of dimethylquinoline.

Median lethal texicity va1ue§ for rainbow trout'(48h-L§50) are

reported in table 5-2 for tHreefﬁsomers of dimethylguinoline which

L]



were available 1n suffici ;ﬁ%guantity Unfortunately, the synthe§1zed

dimethquuinolines,which exhibited extreme values in the Microtox test
‘were not available in sufﬂcient Quantity to perform fish bioassays.
5.4. Discussion =

The .wide range of .toxicities observed for the .isomers of
dimethquuinojine is notable, particularly compared with published
toxicity ranges for subst1tuted aromat1c compounds. Saethre et al.
(1984) found to]erance 11m1ts ranging from 0.6 to 1.8 mg/L for newly
fertilized sea urchin and cod eggs when exposed to naphthalene and its

mono- and dimethylated derivatives. Ribo and Kaiser (1983) reported 5-

9185

ECgp for d1chlorophenols varied from 3.9 to 8.3 mg/L and 5 ECgq for |

dichlorobenzenes varied from 2.7 to 4.3 mg/L. Liu et al. (1982) found

~an ICgq using the test bacterium Bacillus sp. (TL81) for
dichlorophenols to vary over a w1de range from 25 to 550 mg/L The
term: IC5q used in their study refers to the effective concentration of
the toxicant causing: 50% inhibition of the bacterial dehydrOgenese
activity.

The observed differences in toxicity raise the questien of what

factors may be respons1ble A variety of poss1b1e exp1anat1ons have

been applied to explain toxicity differences among close1y related
' compounds S | (‘
@
5.4.1. Octanol-Water Partition Coefficient
Good correlation between observed toxicity of various. chemicals

and the-cctano]-water partition  coefficient and/or water solubility

. q“ * »
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have b;en ‘reporteé in several cases. Such cbrrelations have been
reported for'foxiciﬁy testing with algae (Hutéhinson~et al., 1980),
Microtox (Ribo and Kaiser, 1983), fermentative and oxidative yeasts
(Kwasniewska and Kaiser, 1983), bacgeria (Liu et al 19827, rainbow
trout (Salmo gairdneri) (Black et al., 1983) and fathead minnow
(Pimephales promelas) (Veith et al., 1983).

Ribo and Kaiser (1983) reported a correlation between the

logarithm of octanol-water paftition coefficient (log P) and the 30

min ECgg for chlorophenols and chlorobenzenes. A plot of log (1/C)

versus log P gave a positive correlation for both chlorophenols

(r2=0.79,wn=20) and chlorobenzenes (r2-0.76, n=11). C is expressed as
the 30-EC59 in mmol/L.

Published octanol-water partition coefficients were availab]e for
isoqqino]ine, A6-methy1quinolfne, 8-methy1quino]iné énd 2,6-
dimethy]quino]ine (Leo et al., 1971). Using these data, the
corre]ationﬁfoefficiént, rf for log (I/C) vs log P was onl; -0.25,
indicating a lack of signfficant correlation.

Another approach, to 1nc]ude the data for those compounds without
log ‘P values, was pursued. A good correlation has been “reported
between retention time measured by reverse bhise liquid
chromatography, using water/acetonitfiie as the mobite phase, and the
octanol-water partition coefficieﬁt (Swdnh et al., 1983 and Wasik et

al., 1983). Swann et al. (1983) provided the equation:
Log P = 3.446 Log RT + 1.029 - (D

—

and reported agreement’ between calculated and measured values

approximately within a factor of 2. The applicability bf this range to

-~

4186° .
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our data was teéted by calpqlating the log b'valuei and comparing them

_with the values provided by leo et al. (1971) fqr 1soqu1noline. 6-

methylquinoline, 8. methquuinolino and 2,6- dimethyiqutno]inc' The
largest disagreement observed was for 8- methy]quinoline which gave a
calculated 1og P value of l 13, compared with . the published value of
2.6 . . : ‘.

Based upon the 1ogic'of equetion 1, log (1/C) was tested for~
correlation with the log of liqu1d chromatography retention time (Iog_

RT). This evaluation produced a correlat1on coeff1c1ent of on]y 0.14 *

(n=21). Cdhsequently, there was no evidence that ogtanol;water
t

partition coefficient 'could substantially exp1a1n the observed
d1fferences in tox1c1ty among the quinoline qompounds 9. (

5.4.2. Molecular Volume X
, -McGowan and Me]]ors (1986) have proposed a corre]at1on betifeen
the molecular volume (Vg in m3 mol- 1)’01‘ a chemca] and its toxic
concentration in water (C, in mol m'3). They presented tbe
relationship:
’ log € = -3600 Vy + 2.1, (g

This method does not distinguish between 1somers, so its

app]1cat1on to our results was 11m1ted to the cases presented in table

5-3. These data indicate that the predicted toxicity based upon the

moleculaa;volume correlation is near the most toxic end of the range

of toxicities observed among the isomers ef methylquinoline and
dimethylquinoline. In the case of isoquinoline (which cou]J(not be

d1st1ngu1shed f?nm quinoline for the calculation® agreement - between

187
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.+~ the observed and caltulated values was reasonab’le

N

"For _the cases:of 3- ethquuinoHne, 3- 1sopropy1qu1noHne end 2-

S

‘"‘methyT 8- ethquuino]1;:: the predicted values are much lower than the
measured values Unfortunately. other isomers of these compounds were
| not avai]able for testing to determine if some might be in closer
agreement with ‘the predictions. Based on the comparison for
'mefhy1quinolxnes and dimethyiquinoﬂines the possibility of other~,
'rsomers pr0v1d1ng closer agreement with the calculated»values cannot
S be ruled out. | .
| " Conclusions which can be drawn are restricted by the range of
;jqcompounds which'we were able to test. However, the results obtained
. ;"are. cansistent “with the possibility that the mo]ecular. volume —
correlat1on pred1cts a maximum toxicity which may be exerted by a

'group.of 1somers. Var1at10ns in the substitution pattern'might then be

responsible fOrrreducing‘toxicity from this maximum value. ' '

5.4.3. Specific Structure ' - -
Correlation of observed tox1C1ty with some ba51c properttes of
the chem1ca]s tested was not obtained thereby maklng some other
explanatlbn necessary. Although quinoline- compounds have a’ planar
structure, the “orientation of substituents- might affect the affinity
of the:chemical to. binding sites on specific enzymesa Pursuing that
p0551b1]1ty will require an understandtng of ‘the spec1f1c mode of\
toxic aetion of these chem1ca1s However, some observations concern1ng
the patterns ‘of subst1tut1on and ‘their 1mpact on observed toxicity are

-poss1b1e

¥



Figures,"

;'t'subst1tut1on locat1ons for the mono- and ‘d1subst1tuted pos1t1onsf§f'.

-

f"77re5pect1ve1y Bearing in mind the exper1ment 1 prec1s1on 1nd1cated by»

1}a re]at1ve standard dev1at1on of 25%, some p tterns are apparent ‘

“The most notab]e pattern is that subst tut1on at the 2 p051tionf;'

’~f}?fcorresponds 1 _ 1ower; tox1c1ty Th1 ﬂitsﬂ ev1dent f rﬁdthe?mgh
'J'd1methy]qu1n011nes w1th 4 6; 7 and 8 poZ1twons comblned w1th a2 p

( ”'pos1t1on In every case, the comb1nat1on 1Jvo]v1ng a2 pos1t1on shows

’the 1owest tOX1C1ty among the range of tox1c1t1es for 1somers. R

. I
1nVo]v1ng the other pos1t10n Th1s observatlon suggests that the'b

. B
»‘prox1m1ty of a subst1tut10n adJacent to thé r1ng n1trogen reduces ‘the. - -

'tox1c effect It shou]d be noted ‘that the ‘ pos1t1on of the qu1no]1ne !

J

'inucleus 1s most e]ectron def1c1ent and therefore -most. react1ve to_ e

3 7nuc1eoph1]es Substttut1on of this. posat&on wou]d be expected to"

S 'reduce tox1c1ty because 1t wou]d be no 1onger ava1]ab1e to react w1th

'»{fttssue nuc]eoph11es The observed tox1c1t1es may therefore be re]ated;-‘

f-to :ﬁectron1c effects, i.e. susceptab111ty to nuc]eoph111c attachment -)"'

Other patterns are apparent from compartson of f1gures 5 2 and 5-'

';;131 D1methy1qu1no]1nes 1nuo]v1ng pos1t10ns 5 or 6 together W1th a 3pf
e

p031t10n are more tox1c than- the qu1no]1nes mono substltuted at the 3

' pos1t1on L1keW1se ,subst1tut1on at the 3 or 5 pos1t10n resu]ts tn'w,

“.greater tox1C1ty for d1 substwtuted qu1no]1nes 1nc1ud1ng a 619051t1on_1v":

.'ﬁfand subst1tut10n at the 3 4-0r 6 pos1t10n results 1n greater tox1C1ty_'»7li:"x'

»for d1 subst1tuted qu1no]1nes 1nc1ud1ng an 8 pos1t1on

B
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"[:means for 1n1t1a1

_range of qu1n'

_some of ‘th

The LC50 va]ues reportid 1n tab]e 5- 2 for ra1nbow trout 1nd1cate'dvf* il
-‘a s1m11ar 1eve1 of tox1c{ty as that determ1ned by the M1crotox test/

'*:These resu]ts demonst‘ te the re]evance of the M1crotox data as a g

f:Unfortunate1y, no ”onc1us1ons can be drawn about a genera] corre]at1on\

L 1n tox1c1ty betw‘en fish. bloassays and the M1crotox assay for the full

T

dimethy1quin611nes in the Mlcrotox test suggests that'

,synthe51s of - these compounds in suff1c1ent quant1ty to perform f1sh;f

b1oassa s may be warranted

5.5, f Summary

t

,/ Tox1C1ty test1ng on 21 qu1no11ne der1vat1ves demonstrated that‘

>

‘Lall compounds are moderate]y tox1c accord1ng to. the M1crotox assay.

fh;Acute 1etha1 b1oassays on’ ra1nbow trout for three of these compoundsf,

'demonstrated a s1m11ar Tevel of tox1c1ty |

~The range of “toxicity observed for d1methy1qu1no]1ne 1somers SRR
spans two orders  of. magn1tude Th1s var1ab111ty does not correlatej_;

' [a'w1th the octano] water part1t1on coeff1c1ent Ca]cu]at1on of tox1C1ty ”,‘
'*{by re]at1on to mo]ecu]ar vo]ume provtdes an . est1mate for the max1mdm’
.”;observed tox1c1ty However,'th1s method does not d1st1ngu1sh lsomersvj‘

!and therefore cannot exp1a1n the reduced tox1c1ty apparent for many
;i.wsomers Exp]anat1on of these d1fferences must depend upon factors
Igassoc ated w1th subst1tut1on patterns The most notab]e oF these 1s

that dxmethy1qu1no11nes wh1ch 1nc1ude a2- subst1tut1on are 1ess tox1c L

than those of isomers w1thout a 2- subst1tut1on

;screen1ng of chem1cals for aquat1c tox1C1ty;.J; N
\ .

ine compounds. However, the h1gh tox1c1ty observed forfjvf
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" Table 1

Note ©All compounds produced 11near plots
: concentration. ’

.9

MJ.crotox Assay of Substltuted Quinolmes N

®

. “S-mm 15-min
EC59 " ECs9,  ,
(ma/L) . . .(mg/L)
| 3,6-dinethylquinoline 030 oas
5-,6—di1réthquoinolif;e - - 0.74 0.91"
S;H\ethyiquino]:ine 0.95 0.98
3 sédhréthquﬁinalifn“éf" | . 1.0 1.1
6 7—-d1methquumolme 1.3 1.9
4 8-d1methquu1nolme .7 | -k’2.0'
1soqu1nolme v : 1.\7" ' 2.2
6,8—d1methquu1n‘oi' | : 22 \ 2.4 .
- 6-niethy1q;iinoline 2.2 . 2.8
4 6-d1methquumol ‘4'.0 | ‘4.4
3 7-d1methy1qumolme- 4.5 g | 3.é v
. 3‘8-dnr\ethquu1nolmeA: ' 4.6 5_.1“.' y
Y2, 6—dmethy1qumolme " 5.7 6.3
| 3—ethy1qumolme | 6.3 7.8
7 8-dJ.methqumnollne 7.0 7.9
'-2,7-d1n\ethquumoline 9.6 11.
. (8-methylquinoline . 8.8 9.1
3-isopropylquinoline . ~ 10. 9.5
2 -methy1-8—ethy1qlunollne LT 14. 13. -
2 Bﬁethquumolme 14. 14.
2 4-d1methquu1nollne 30. 22

of log E vs log

>

- a
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: 2}6;dimethy]duin011ne‘ ]’ ' 6.2

U iable 52 _ Mbdian Lethal concentrationlof.SemefQuinbiihe-4
y R (salmO‘gairdneri)

S Derivatlves to Rainbow Trou

- COmpound R Rainbow Trout o Microtox
, . 48-h. LCgo .. 5min- EC50
. r(mg/L?, (mg/L)

5.7
6,7-dimethylquinoline - 7.5
6,8-dimethylquinoline - b 2.6 ’

1.3
2.2



Table 5-3

. 2-methy1-8-ethylquinoline

1}

Comparison of. 5-min Ecgo'valueé as dgtermihéd g. 

" with the Microtox test to cajculated toxicity!| - . :
" values obtained from molecular volume theary |
' ' .
'CompOunddl‘ © 5-min fCa]Cui&fed‘ o
, e ECsg toxicity
(mg/L) (mg/L)
dimeihy]quinb1ings 0.30 - 30 0.31
mefhy]quinb]ines ' ' 0.95 - 8.8 - - 1.0
isoquinoline R 2.8
S . ;
.~ 3-ethylquinoline ' : 6.3 0.33
3-isopropquuinq1ine 10. ‘ 0;11
14. 0.11






Figure 5-1 BASIC STRUCTURE AND NOMENCLATURE
. FOR QUINOLINES ,

-



S-methyl .

) \\\\\«u\\ih
Figure 5-2° TOXICITY OF MONO-SUBST|TURED QUINOL INES; ‘ . [
BAR VALUES PROPORTIONAL To 5-MIN EC5 - ) S -



* 2,8-dimethyliquinoline *
i R 2-methyl~8—ethquu1nol|ne

FIGURE 5~3- TOXICITY OF DI—SUBSTITUTED QUINOLINES : . ,
BAR VALUES PROPORTIONAL TO S—MIN EC5O v
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%
S|anes from two of tho major procdSs strnams presont 1h a

_ heavy oil surface m1n1ng and upgrading plant were subjected to,

chemica1 Fractionation and bioassay u3ing the Microtox test and « he
Ames test The most towic sample (as determined with the Microtox
test) was observed to, be coker distillate. Coker distil]ate is

» 1.
compr1sed of coker gas di1 and coker naphtha (2: 1 v/v). The most

'genotoxic samp]e'(as determ1ned w1th the' Ames test) was observed-to be

'coker d1st1]1ate The most toxic chemical «fraction Jsolated from coker

d1st11]ate (as (etermmed wWith the Microtox and Ames test) vgas

_observed to: cons1st “of strongly basic polycyclic aromatic nitrogen
{

heterocyc]es (bas1c PANH) Gas chromatography/high reso]ution mass

" spectrometry ana]ys1s of th1s fract1on revedled the presence of alkyl-

e

subst1tuted qu1nol1nes and alky] substxtuted po]ycyc11c aromatic -

N

nitrogen heterocyc]es
.Following the deve]opment of an ana]ytica] method tor the
determination. of ba51c PANH"Wn‘”f1sh exper1ments ‘were " intiated ’to
study the uptake and b1otrgnsformatibn of 6,7-dimethylquinoline and
6,8- d1methy1qu1nol1ne "'by -'fish. Both. ‘chemicals were readily
bioconcentrated by f1sh from water and: read11y e]xmrnated during
depurat1ons However, s1gn1f1cant_1eveTs of metaholjtes remaxnedlln the
bi]e of eXposed fish after 63 h depuratton with feeding> Thesé 1evels
- were three orders of magn1tude greater ‘than the intial exposure

leve]s The major metabo]1tes ‘of 6,7- d1methy1qu1no]1ne were evserved

to.be conJugated (sulfate of g]qcuron1de) alcohols, whereas the major

metabolites of 6,87d1methy1qu1nollne were observed to be_conjugated ‘
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| f1nd1ngs are s1gn1f1cant

iifthese h1gh TeveTs of metaboT1tes present 1n the b11e of exposed f1sh |
“h,after depuratlon is unknoWn _ | | | " o |
The ana1y91s of ‘bile for metabo]1tes may prov1de an effect1ve ? ?f,ﬂﬁh

"»tooT for env1ronmenta1 mon1tor1ng of tox1c chem1£aTs such

concentrated metaboT1tes 1n the b1Te at TeveTs far exceed1ng the

,concentrat1on of parent compound 1n the muscTe ATthough the datattp~‘
-"presented this research is T1m1ted “a trend toward _the
. b1oconcentrat10n of metaboT1tes of subst1tuted qu1noTwnes in the b1Te
1lof exposed fish - 1s ev1dent The b1oconcentrat1on of metaboTites in ”.”
' ,vhthe b1Te of f1sh eihosed to xenob1ot1cs is presentTy poorTy understoodh.

:uand aTthough the work presented in’ th1s thes1s is expToratory, the’

. ¢ 'l-
Subst1tuted qu1noT1nes (21) were subJected to tox1c1ty test1ng ‘

us1ng the M1crotox test Tox1c1ty (expressed as 5. m1n EC50) was. found'

aDto vary over two orders of magn1tude (from 0.30 to 30 mg/L) depend1ng

o on the degree and type of chem1caT subst1tut1on Greatest tox1c1ty was

y‘nes subst1tuted at the 3 or 5 p0$1t10n

1ncTud1ng a 6 pos1t10n3 and'Teast tox1c1ty was observed for qu1noT1nes.

.f subst1tuted in the 2 pos1t1on

Three d1methy]qu1no]1nes were subJected to stat1c f1sh bloassay

?f us1ng ra1nbow trout and the observed 48h LC50 vaTues 1nd1cated a,_g-
' s1m1Tar TeveT of tox1C1ty as that determ1ned by the M1crotox test
' In Tlght of - the above observatlons 1t 1s concTuded that the -

‘“h reTease of coker d1stlTTate fract1ons to the env1ronment shoqu be of,

s

(squate or gTuouron1de) phenoTs and an aTcohoT The s1gnif1cance of:ffa”h

4 ed qu1n011nes FTSh exposed to 6 7 and 6, 8 d1methquu1noT1ne’~ff"fff'




: ~wwenV1ronmenta] concern A]ky1 subst1tuted qu1no]1nes wh1ch ane present '

i‘gehotox1c,b but are read11y b1oconcentrated by f1sh from water‘
‘FA1though these compounds are read11y e11m1nated from f1sh upon .
’depurat1on h1gh 1evels of” metabo11tes rema1n 1n the bile of f1sh for.
days after depuration and feeding Leve]s of metabo]wtes observed in |
h-bthe b11e of f1sh after depurat1onband feed1ng were three orders: of'
o magnitude above exposure levels: S1nce bas1c PANH 1so]ated from coker‘
-d1st111ate were found to be very genotox1c after 11ver ‘activation ( as
,determ1ned w1th the Ames test), these metabo]1tes may affect the,‘
;rphys1o]oglca1 hea]th of the fish by prom0t1ng neop]asms and other
genet1c d1seases '
Accord1ng]y, regulatory age:j?es shou]d be concerned about the
release' of substituted bdu1n to the env1ronment and efforts
vshou]d be expended towards mon1tor1ng for the presence of these
jcompounds 1n rece1v1ng streams adjacent to heavy 01l deve]opment and

NI
A

N in f1sh e

1n coker d1st111ate are: not on1y 51gn1f1cant1y 1etha1 to ftsh and'hf



