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ABSTRACT

A methodology for the jon, cl p and compound class fractionation of
envire 1 mi: was developed and tested using standard reference

ials and sedi from Hamilton Harbour. Samples were extracted using a Soxhlet
oran icati and the resulting organic solvent extracts were

fractionated into compound classes using an alumina/Sepahadex LH20 clean-up procedure
and high performance liquid chromatographic techniques.
In the next phase of the study, sediment samples, sediment trap samples, and air

particulate material from the Hamilton Harbour area of western Lake Ontario were

d using the loped methodology. These samples were chosen with the aim
of evaluating the contributions of a variety of sources to chemical and genotoxic

contamination in the harbour. The i ions were d by hi

M P

techniques and tested for genotoxicity using the Ames Salmonella/microsome assay with

TA98-like and TA100-like bacterial strains modified by the inclusion of genes for the

g i and O-acet fi These data were used to

I and biological profiles of the samples and to identify specific

3

p and pound classes responsible for ic activity observed in the

sample extracts.
The majority of the mutagenic activity displayed by a Randle Reef sediment

sample extract was found to be present in the fraction containing the polycyclic aromatic

P

1 profile of suspended sedi in the harbour and a significant contributor to

the genotoxicity of extracts of these samples. However, the biological profiles of the

suspended sediments indicate the p of additional other than PAH that

are not present in the Randle Reef sediment sample. A comparison of the biological

profiles of extracts of suspended sedi and air parti material indicate that there

may be a i it in both of these sample matrices.

vi

hydrocarbons (PAH). Extracts of the PAH: ining fraction displayed ically

higher responses with the TA100-type strains with metabolic activation. The PAH

fraction was further i d and analysed to identify the d(s) ible for

P P

the ic activity. The biological activity of this PAH-containing fraction was found

to co-elute with compounds of molecular mass 252, 276, 278, and 302 amu.

In contast to the results obtained from the i igation of the Randle Reef
sediment sample, extracts of sedi wap ples displayed signi ly higher
responses with the TA98-type strains. The d(s) responsible for this biological

activity were contained in the more polar polycyclic aromatic compound (PAC) fractions
and did not require oxidative metabolism to manifest their activity. Further separation
of the most biologically active fraction from the sediment trap samples revealed that the

biological activity was contained in a very narrow clution time range in the reversed-

phase high p liquid phy (RP-HPLC) This narrow
band of activity was d and analysed using gas ct hy P y

(GC-MS). While alkyl-benzocarbazole derivatives were identified in these fractions, they
were not considered to be the agents responsible for the observed biological activity.

The use of ul i jon and the alumina/Sephadex LH20 clean-up and

normal phase HPLC d class jonati dures were found to be effective

for the preparation of a number of complex environmental samples. The chemical and

biological profiles of the harbour sedi and suspended sedi indicate that PAH
from pended coal tar inated sedi is a principal contributor to the
v
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L INTRODUCTION

L1 K Harbour G y and Envir Status

o Harb ™

an

Ly located at the western end of Lake Ontario, has
an area of 40 km? and acts as a receiving body for a watershed of some 900 km? (Figure
1). The average water depth in the harbour is 13 m and the maximum depth is 26 .
The east end of the harbour is joined to Lake Ontario by the Burlington ship canal and
the west end of the harbour is joined to the Cootes Paradise conservation area by the
Desjardins canal.

Major sources of contaminants in the harbour include industrial effluents, roadway
runoff, and wreated municipal sewage from a metropolitan area including the cities of
Hamiltor, Dundas, and Burlington with a combined population of about 500,000 people.
The southeast shore of the harbour is dominated by the Steel Company of Canada (Stelco)
and Dominion Foundry and Steel Company (Dofasco) steel mills; these are two of the
largest steel operations in the nation. Hamilton Harbour has been designated as an area
of concern by the Water Quality Board of the International Joint Commission.

High levels of contaminants including polychlorinated biphenyls (PCB), heavy
metals, and PAH have been determined in Hamilton Harbour sediments (1,2). Figure 2

shows the structures of a number of homocyclic PAH that are commonly identified in

SIM
SFE
SRM

TIC

23

Figure 1.

Selected ion monitoring
Supercritical fluid extraction
Standard reference material
Total ion chromatogram
Ultraviolet

Microgram

xxi

Map of Hamilton Harbour showing sites selected for
collection. The following legend  identifies key landmarks and

sampling sites corresponding to the numbers on the map.

1. Canada Center for Inland Waters

2. Steel Co. of Canada (Stelco)

3. Dominion Foundry and Steel Co. (Dofasco)

4, Randle Reef

5. Stelco coking pier

6. Hamilton sewage treatment plant
7. Burlington sewage trearment plant
8. Ship canal

9. J.  Allan Burlington/Hamilton
Elizabeth Way

10.  Cootes Paradise Conservation Area

50.  Station 50 sediment trap sample site
51.  Station 51 sediment trap sample site
53.  Station 53 sediment trap sample site

910. Station 910 sediment sample site

Skyway,

2

sample

Queen
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harbour sedi These ubiqui pounds are the result of incomplete combustion

of organic material. Several of these pounds have been implicated in the etiology of

some human cancers. High levels of total dissolved solids, zinc, ammonia, phosphorus,
iron, cyanide, and phenolic compounds have been determined in the harbour waters,
particularly near the steel mills (3).

The concentrations of PAH in extracts of sediment sampled from the Randle Reef
area of the harbour (Figure 1) have been observed to be as high as 1400 pg/g (2). The
high PAH levels in sediment samples taken from the harbour may arise principally from

resuspension and transport of sediments from sites with ive coal tar inati

such as the Randle Reef area (2). This transport phenomenon is thought to be responsible

for similar PAH profiles in extracts of sedi d at many locations within the

harbour. The dynamics of the harbour result in non-uniform PAH concentrations in
sediments sampled over small areas. Methodologies to remove or treat the grossly PAH-
contaminated sediments of the Randle Reef area are currently being considered and tested.
Atmospheric deposition, urban runoff, and the sewage treamment plants in the harbour
watershed are considered to be more minor contributors to PAH contamination in the
harbour. Pouiton (1) found the total PAH levels (defined as the sum of individual PAH

) at most within

Harbour to be comparable to
those determined by Black (4) in sediments taken from the Buffalo river, an area of heavy

urban activity and industrialization.
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12  Impact of Chemical Contamination on Aquatic Life
The ination of chemical i in the aquatic environment is of

importance not only because of the adverse affects on the ecosystem, but because of the

potential of fish and wildlife to convey these i to the human population. The
observance of lasia in fish is idered to be evi of the p of
carcinogens in the aguatic envi (5,6). The plex role of these chemical

contaminants in the etiology of tumours in fish has previously been reviewed (5,6).

Hayes et al (7) described an i d prevals of skin and liver neoplasms in
white suckers (Catostomus commersoni) and brown bullheads (ctalurus nebulosus)
collected from industrially polluted areas in the western region of Lake Ontario, inciuding
Hamilton Harbour. In a similar study, Smith and Ferguson (8) reported 2 two to three-

fold increase in the frequency of epidermal papillomas among white suckers and brown

bulltheads from Hamilton Harbour, as pared to similar fish from other areas of Lake
Ontario. Metcalfe er al (9,10) have i igated the iati hemical
in Hamilton Harbour sedi and the high preval of fish

These authors found that organic solvent extracts of sediments from Hamilton Harbour

jnduced hepatocellular carcinomas in trout using a sac fry microinjection assay. High

concentrations of polychlorinated biphenyls (PCB's), organochlorine pesticides and

Ti i bons (PAH) were quantified in the sediment sample extracts.

poly Y

The determination of high levels of chemical i in sedi located

near fish populations with high tumour frequencies has been used to support the
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and fish twmours (11).  Chemical
contaminants have been determined in tissues of fish exhibiting tumours (12) and
extensive epidemiological studies by Myers er al (13) and Stein er af (14) have confirmed
an association between exposure to PAH and hepatic neoplasms in English sole from
Puget Sound, Washington. Baumann (15) has observed that documented cases of cancer
in wild freshwater fish populations in Lake Ontario increase in areas contaminated by

industrial effluents.

L3  Hamilton Harbour Wildlife Status

There are approximately 60 species of fish in Hamilton Harbour but the fishery
is dominated by carp (Cyprinus carpio) and brown bullhead (Ictalurus nebulosus). In
Hamilton Harbour, these fish have been observed to experience higher incidences of

tumours and skin papillomas than fish sampled from other areas in the Great Lakes less

impacted by urbanization and/or industrialization (3). < ion advisories are in
effect for 5 of the 12 sport fish in the harbour. Snapping turtles, algac and zooplankton,
and bottom fauna have all been observed to be affected by the contaminants in the water,
sediments, or in organisms that these species feed on (3). Restrictions on fish and

wildlife consumption, degraded fish and wildlife, fish tumours and other deformities,

wildlife deformities or ducti bl degradation of benthos, hication, and

P P P

restrictions on drinking water ion are all impai to the harbour resulting

from industrial and urban activity.

9
The jon of i d of tumours and other deformities in
fish in Hamilton Harbour (7,8) has led to i igati of the iation of these
‘with chemical ination (9,10,12,15). These studies have stopped short
of identifying the specific pounds p jally responsible for these effects. An
hemico/biological i igation of sedi and sedi trap material using
the ped ion and bi directed ionati hodology could lead to
the identification of individual pounds or pound classes responsible for the
genotoxicity observed in extracts of these samples.
LS  Methodology
L5.1 Sampling Locations and Methods
To fully assess the p ial input of i i into the harbour from

a variety of sources, material was sampled from the bottom of the harbour, from the
harbour water column, and from an air sampling site on the east shore. The samples and

sample sites selected for this study (Figure 1) and the meth ds of ion are ibed

in the following sections.

L5.L1 Randle Reef Sediment Sample

A grossly coal inated sedi sample was obtained from an area east

L4  Summary of Research Objectives.

The hypothesis that the extraction of organic material from complex environmental
samples using ultrasonic extraction is as efficient as extraction using 2 Soxhlet apparatus

will be tested. The extraction efficiency of PAH from a Randle Reef sediment sample

and from an urban dust SRM using ication will be d and comp with
those results obtained using a Soxhlet app A ble statistical comparison
between the efficiencies of the two techni would support the hypothesis that

is a feasible ive to Soxhlet action and illustrate the efficiency |
of the clean-up and fractionation procedure for sample ices other than airb
particulate material.

The hypothesis that the high PAH levels determined in extracts of sediment and

suspended sediment samples taken from Hamilton Harbour arise principally from

P and port of sedi from sites with ive coal tar
will be tested. The pension and p . could be responsible for
similar PAH profiles in extracts of sedi d at many locations within the
harbour. A comparison of the analytical chemistry and genetic toxicology data of the

trap )l di samples, and samples of air pardcul. material from the

Hamilton Harbour area will be used to test the hypothesis and provide an estimate of the

of the pended inated sedi to the overall genotoxic burden
on the harbour. This data may also indicate ination by i pound:
derived from other sources.
10

of the Randle Reef area of Hamilton Harbour. This site, also known as the Hamilton
Harbour "hot spot” or "tar pit", is in close proximity to the principal coking pier of one
of the largest steel mills in Canada. Resuspended sediments from this site have been
implicated as one of the principal sources of PAH contamination in the harbour (2). Total
PAH levels at this site are on the order of 500-1400 pg/g of dry sediment (2). Murphy
et al (2) concluded that the PAH in extracts of sediments from this site were derived from
coal tar contamination from known discharges of coke oven by-products. This site was
chosen for sediment sampling because of the potential contribution of resuspended

material from this site to the high levels of PAH found in sediments elsewhere in the

harbour. Sedi were also sampled from the area of the harbour (station
910 near Carrolls Point, Figure 1) where the PAH concentrations in sediments are
relatively low.

1.5.1.2 Hamilton Harbour Sediment Traps.

Particulate material was collected from sediment traps located at three locations

within the harbour. Suspended solids are imp i to the isms of
contaminant partitioning in the water column. Sediment traps are simple yet efficient
spparati for the collection of particle fluxes over long periods of time 16,17).
Resuspended sediment, material from discharges into the harbour and material from

can all

to the material collected in a scdiment trap. A

sediment trap and associated apparati are illustrated in Figures 3 and 4. Material collected
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Figure 3. Diagram of sediment trap mooring (courtesy of M. Charlton, Canada
Center for Inland Waters).
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in sediment traps may differ significantly from material isolated from the water column

using i llecti hods such as filtration or centrifugation techniques.

Eadie e al (18) and Baker ez a/ (19) have studied ion and recycling of ch

contaminants in the Great Lakes using sediment trap samples. The sediment trap samples
used in this study were collected over an 8 month winter period (October/1990 to
May/1991) affordi

pproxi ly 5-10 gram ions of material (dry weight) in
each tube of the trap (Figure 4). Sediment traps were placed at 2 depths (approximately

3m from the surface and approximately 3m from the bottom) with the exception of station

53, where three traps were located (including a sedi trap at an i diate depth)
because of the increased depth of the water at this site. The station 50 site is near the
outfall of the sewage treatment plant for the city of Burlington, Ontario (Figure 1). The
station 53 site is near the mouth of the Windermere Arm, a body of water through which
water from the Windermere Basin flows. The Windemere Basin is another area of
Hamilton Harbour that has been shown to exhibit high levels of chemical contamination

).

153 CCIW Air Sample

Respirable air particulate material was sampled using a PM-10 type air sampler
located at the dock of the Canada Center for Inland Waters (CCIW) in Burlington,
Ontario (Figure 1). The PM-10 sampler collects particulate material smaller than 10

microns in diameter. The bulk of the PAC and the icity/carcil icity exhibited

12

Figure 4. Diagram of sediment trap with sampling tube and cup (courtesy of
M. Charlton, Canada Center for Inland Waters).

14
by air sample extracts is associated with this smaller diameter material (20). In addition,
particulate material of less than 10 microns in diameter can be readily inhaled and
deposited in the respiratory tract. CCIW is located on the east shore of the harbour,

diately beneath the Hamil {ington skyway bridge on the Queen Elizabeth Way

(QEW) highway. The QEW is the major traffic artery cc ing the Golden H h

area of Southern Ontario with the Northeastern United States. A large number of gasoline

and diesel powered vehicles travel the skyway on a daily basis.

152 Analytical and Biological Anal,

15.2.1 Short-Term Biological Testing

A variety of methodologies have been used to assess the impact of individual

hernieal

or ! i 1 mi on fish populations in fresh water and

marine envi To idemiological studies, short term bioassays such

as the Salmonella typhimurium/microsome assay (Ames assay), or the detection of DNA

adducts in affected fish (10), have been employed as indi of ination of

bottom  sedis by ic and/or carci i ds. Not all chemical

carcinogens are detected by short term mutagenicity assays but short term biological tests

Sivrdual

can provide a rapid means for ing the p jal g icity of an i

ical or a lex mixture (21). B ial icity assays have played a critical

role in the detection of mutagens and in the analysis of the ability of aquatic organisms



to convert inert chemicals to i ducts (22).

Salmonella_tvphimurium is the most widely used species of bacteria for
mutagenicity testing. The bacterial strains used for mutagenicity testing kave been
engineered without the ability to produce the amino-acid histidine and will not grow in
a medium unless this compound is supplied to them. In the presence of a mutagenic

agent, the bacterial DNA can be mutated to form a functional histidine gene resilting in

the ability of the bacteria to grow independently of an external supply of histidine. The
number of bacteria that have undergone mutation is reflected in the number of bacterial
revertant colonies present on a minimal glucose plate (petri dish). The number of
revertants obtained is a function of the mutagenic potency of the test compound(s) and
the concentration(s) of the test compound(s) in the test medium.

The Salmonella/microsome assay can also be used to detect potentiaily mutagenic

compounds that require boli ivation to be st d into a g ic product.
A lian liver h (rat liver supern: 89) is added to simulate the

bolism that pounds undergo in lian bodies. Many compound classes,
such as PAH, are only i after ion to reactive electrophiles
by liver mi The bi ion of benzola|py 10 a potent carcinogenic
and ic diol-epoxide i iate by liver is well d d (14,23).

The Salmonella bacterial strains have also been engineered to increase their
sensitivity to mutagenic agents. Defects have been incorporated into the bacterial cell
walls that allow chemicals, particularly those of larger molecular weight, to more easily

penetrate the cell wall of the bacteria. There are deficiencies in the DNA repair
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positive d p lationship. A positive

p was not observed with the TA98
strain and high doses of the sediment extract were toxic to both bacterial strains.
Metcalfe er al (10) could not conclude that PAH were responsible for the

genotoxic and mutagenic activity in the sediment extract because of the observance of a

mutagenic response without the addition of mi 1 As ioned
previously, PAH require oxidative jon by liver mi to become effective

The p ial p of di ting hift such as nitro-
polycycli i pounds (PAC) was di d, but no i P was
observed in the TA98 strain.

15.2.2 Bioassay-Directed Fractionation

A bi directed fractionation ap h (28) was used to examine the samples

selected for the stmdy. This technique is a versatile and powerful experimental

methodology that combines the disciplines of ical chemistry and genetic toxicology
in order to characterize and identify the key biologically active compounds or compound
classes in extracts of i Fractionation of extracts of environmental

samples is necessary given their complexity. The development of the Ames Salmonella
bacterial mutation assay has resulted in the ability to subject selected fractions from
environmental samples to simple, rapid, and inexpensive short-term testing. The

identification of i ions allows the p i ination of thie d:

& P

or compound classes responsible for the observed activity.
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mechanisms that increase the probability that the DNA damage will be forced through
mutation-prone pathways. The stains also carry 2 plasmid DNA (pKM101) that
markedly increases the sensitivity of the bacteria to mutagens.

Two types of point mutations can be detected using the TA98-like and TA100-like

Salmonella strains. The TA98-like smains detect frameshift mutations which occur

when bases are deleted or added in a strand of DNA. This results in incorrect
transcription of the DNA after the point of insertion or deletion. The TA100-like strains
detect base-pair substitution mutations which arise when an incorrect base is added
during DNA replication. The incorrect base then lines up with its counterpart base during
the next replication resulting in an altered base-pair.

Mutagenicity and genotoxicity testing of sediments in the Great Lakes region using

the Salmonella typhimurium assay has d on highly i areas,

the Black river (24), the Aberjona watershed (25), the Detroit river (26), and several Great
Lakes tributaries (27).

Metcalfe et al (10) used genotoxicity testing of a Hamilton Harbour sediment
extract using the Salmonella assay to complement in vitro DNA adduct and in vivo

rainbow trout sac fry microinjection assays. A wet sediment sample was combined with

sodium sulphate and d with 1:1 -hexane using a polytron homogenizer.
The extract was then dried using a sodium sulphate column, reduced in volume, and
diluted with DMSO to the desired concentration fo- bioassay. The sediment extract was

observed to be mutagenic in the TA100 strain both with and without the addition of rat

Tiver 89 as evi dbya ing of the sp back d ion rate and a

&
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This approach has previously been used in our laboratory for the genotoxicity

testing of PAC associated with respirable air particulate material (20). Bryant er al (20)

utilized sequentdal Soxhlet i with 1y hloride then in

conjunction with aa slumina colurnn clean-up and compound ck

procedure similar to that described in the experimental section of this thesis (Figure 5);

this study concluded that only a small p of the total biological activity iated

with extracts of respirable air particulate is due to homocyclic PAH compounds.
Bryant er al (20) reported that the mutagenic activity observed was approximately
equally divided between the non-polar and polar PAC fractions resulting from the alumina
column clean-up (fractions A23/LH20 and A4S respectively in Figure 5). These fractions
were assayed using a TA98-like strain and positive responses were observed without the
addition of rat liver microsomes (S9). The majority of the mutagenic activity observed

in the non-polar PAC fraction (A23/LH20) was detected in the normal phase HPLC

in which nitro itated PAH and lic PAC compounds are known to
elute. Collection of 30-second jons during d-phase HPLC separation of
these N fracti bined with bi y of these i led the

activity to be localized in a small number of subfractions. The observed activity did not
correlate with any of the UV absorption peaks in the RP-HPLC chromatograms.

Subsequent chemical analysis of the biologically active jons was il tusi

suggesting that potent ponsible for ic activity can be difficult to

determine given their high polarity and their probable presence at very low concentrations.

McCalla er af (29) applied the same methodology for the detection and
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Figure 5. Schematic of sample clean-up and fractionation
scheme. The procedure was applied to sediment,
sediment trap and airborne particulate material
and is described in detail in the experimental
section.
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1-niropyrene, 6-nitrochrysene, and 6-nitrobenzo[a]pyrene.

Samples selected for the present study including sediment, sediment trap material

and airbomne particulate material from the Hamilton Harbour area were extracted and

d using a p 1 ive procedure adapted from the procedures
previously described by McCalla ez al (29) and Bryant ez al (20). The resulting fractions

were lysed using graphi hods and the Salmonella

typhimurium/microsome assay was used to identify fracti di

activity. These fractions were the focus of further chemical analysis to determine the

p or compound classes responsible for this biological activity.

L6  Validation of Methodology

The bi directed ionati hodology employed in this study was
previously used in the icity testing of polycycli i ds (PAC)
d with respi air particulate (20), and in the genotoxicity testing of airborne

particulate and binder emissions generated in a steel foundry (29). Both of these studies

ployed sequential Soxhlet ions with chloride then methanol, a reutral

alumina ch hy cl p proced phadex LH-20 gel ch phy to

remove aliphatic components, a normal phase HPLC compound class fractionation

procedure, and further ion using RP-HPLC. Sub

1 lysis of the

by RP-HPLC and GC-MS showed that the extracts were effectively fractionated into

compound classes; aliphatics, PAH and alkyl-PAH, sulphur heterocycles and their alkyl

20
identification of steel foundry mutagens. Several hundred grams of Dofasco steel foundry

dust isting of airborne particulates and binder emissions was i d and assayed.

The bulk of the mutagenic activity was found to be associated with particulate material
of respirable size and to be localized in the non-polar aromatic A23/LH20 fraction
(Figure 5). Similar to the study on respirable air particulate, the majority of the observed
mutagenic response was observed in N fractions containing more polar and substituted

PAC, as

pposed to their homocyclic PAH s d-phase HPLC
scparation of the N2 and N3 fractions and bioassay of 30-second subfractions with
Salmonella strain TA98 showed localized bands of mutagenic activity. The addition_of
S9 was not needed to observe a srong positive response. Subsequent analysis of these
active subfractions by GC-MS revealed that nitro-PAH, particularly 1-nitropyrene and the

pY isomers, were p ially responsible for the observed mutagenic activity.

Bioassay of authentic ni i ds showed thess compounds to be highly

when assayed with the Salmonella

P

‘These pounds were very
TA98 strain and the addition of S9 reduced their mutagenic responses.

Quilliam and Wright (30) 11 ployed a bi directed strategy to

identify demoic acid as the toxin in blue mussels (mysilus edulis L.) that was responsible
for an outbreak of food poisoning in Canada in 1987. Fernandez et al (31) used bioassay-

dirccted chemical analysis for the ination of g i Ip in Spanish

coastal sediments. These authors employed a sonicati ion method coupled with

gel permeation chromatography, normal phase HPLC and RP-HPLC fractionation

techniques and GC-MS analysis techniques to i i pounds such as
22
derivatives, polycycli ic ketones, pol ic quil aza- ics, nitro-

PAH, dinitro-PAH and phenols were all found to clute reproducibly in the seven N
fractions resulting from the normal phase HPLC fractionation (Figure 5). The sample
preparation scheme described in the experimental section of this thesis is an adaptation

of those used in these studies.

The ity of envi 1 samples i acl p and

procedure to produce ingful analytical and bi results. It is difficult or
impossible to determine compound classes such as niro-PAC in the presence of high
concentrations of their parent PAH compounds and other interfering compounds. Non-
linear dose response curves commonly result from Salmonella assays of samples which

if the test mixture has not been

contain many p

& P

sufficiently fractionated. This makes the lated dose

data liabl

P

The i d ploying the Soxhlet

P

pp proved simple and
efficient in the aforementioned studies, but large volumes of organic solvent (several
hundred mL of both methylene chloride and methanol for sample sizes of only several
) and long periods of time (2X24 hrs) were needed for efficient extractions. A methanol

extraction was shown to be needed in addition to ion with methyl hloride in

the respirable air particulate (20) and steel foundry (29) studies. Significant amounts of

mutagenic activity were d into methanol in th )l i 1 sampll
primarily artributed to polar compounds. Sequential ions using a non-polar and
polar solvent have been shown to yield higher p of ble organic ial

than extractions employing a single solvent (32,33). Sequential extractions using
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methylene chloride and methanol are efficient for the extraction of organic material from
airborne particulate material (20,33,34).

The extraction of organics from solid samples using ultrasonication has been
documented (35-37), but Soxhlet extraction and the more recently developed technique
of supercritical fluid extraction (SFE) (38-41) have been the favoured methods. In some
comparison studies the ultrasonic extraction method has proven to be equally efficient,
or more efficient than, Soxhlet extraction (42,43). The major advantages of ultrasonic
extraction are a) the reproducibility of the technique (40), b) the applicability of the
method to a wide range of sample sizes, ¢) the much shorter periods of time needed 10
perform highly efficient extractions, and d) the efficient extraction of polar organic
compounds.

The crude extract is fractionated into a non-polar and a polar PAC fraction using
open column alumina chromatography. The alumina clean-up step is inexpensive, simple,

and Alumina

hy is a popular choice for the clean-up of

1 les. The Sephadex LH20 gel (polyhydroxlated d column is

used to remove aliphatics from the non-polar PAC fraction (affording fraction A23/LH20,

Figure 5). The gel column uses ptive i ions for the sep instead of the
size ion mode most ly employed with this stationary phase. Ad:
interactions with the gel are p d by adding methanol to the ional methyl

chloride mobile phase, causing the aromatic compounds to interact more strongly with the

stationary phase than the aliphatics. Hexame is added to the mobile phase

h fomathanal Tyl hlarid

6:4:3 v/v) to increase the solubility of organic

IL  RESULTS AND DISCUSSION

IL1 Testing of the Proposed Methodology.

The extraction of PAH from sediments and from an urban dust standard reference

material (SRM 1649) was pared using the of jcation and Soxhlet

extraction described in the experimental section. Sample weights of 0.5 g to 5 g were

extracted using ultrasonication.

The yield of extracted organic material from the sediment samples using sequential

ultrasonication with two solvents (methyl hloride and methanol) was 2.53 + 0.10%
(three samples) while the Soxhlet method yielded 2.41 * 0.14% (three samples) of the
initial sample weight. These weight ratios were found to be statistically invariant with
the weight of sample extracted (0.5 g to 5 g) when using ultrasonication.

Figure 6 shows the RP-HPLC btained from the injection of an

aliquot of the crude bulk extract of 2 5 g Randle Reef sediment sample prepared by

Soxhlet extraction. The sample was not subjected to the cl p and

procedures. The figure legend gives a list of homocyclic PAH determined in the sample
crude extract. Figure 7 shows a comparison of the RP-HPLC chromatograms of the crude

extracts of Randle Reef sedi prepared by ul ication (7A) and using a Soxhlet

apparatus (7B). Figure § shows a comparison of the RP-HPLC chromatograms of the

A23/LH20 ic fractions of the ication (8A) and Soxhlet apparatus (8B)
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material.

The non-polar PAC are then fractionated into compound classes using normal
phase semi-preparative HPLC with an amino-cyano column (affording the N fractions,
Figure 5). This step results in fractions that can yield informative analytical and
biological data on specific compound classes such as nitro-PAC, diniro-PAC, aza

aromatics, etc. These normal phase N ions can be further sep d by RP-HPLC and

subfractions collected and assayed to yield data on the mutagenic potency of the
individual compounds.

In the present study, the efficiencies of the ication and Soxhlet method:

of jon were pared for the ion of PAH from equal weights of Randle

Reef sediment (Figure 1) and from an urban dust Standard Reference Material (SRM

1649). The samples were d and the bined hylene chloride and

extracts were submitted to the cl

P, ionation and ical analysis p
described in the experimental section to isolate the low to mid-molecular weight PAH for
quantification. The levels of selected PAH extracted from the Randle Reef sedimeat by
the two methods were compared, and the levels of PAH found in the SRM 1649 were
compared with the certified values. This data was used to test the hypothesis that

isas jent as a Soxhlet app
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Figure 6. Reversed phase HPLC chromatogram of the Randle Reef sediment sample
crude extract. Compound identification was based on comparison of UV
absorption spectra with Library spectra and retention time comparison with
authentic standards. The sample was extracted with a Soxhlet apparatus
using the procedurc described in the experimental section. The UV
absorption chromatogram was plotted at 254 nm; the fluorescence
chromatogram resulted from excitation at wavelengths below 365 nm and
emission above 418 nm. The concentrations of many of these compounds

can be found in Table 2.
Peak Number Compound Identification

1 naphthalenc

2 fluorene

3 phenanthrene

4 anthracene

5 fluoranthene

6 pyrene

7 benzofa]fluorene

8 benzo[a]anthracene

9 chrysene

10 benzo[b]fluorene

11 b ho(2,1-cd]thiop

12 benzo[bjfluorantiene

13 benzo[k]fluoranthene

14 benzoalpyrene

15 indeno[1,2,3-cd]pyrene
benzo[ghi]perylene
benzo[b]chrysene

16 picene

17 " anthanthrene
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Figure 7. Reversed phase HPLC chromatograms of the crude methylene

chloride/methanol extracts prepared from equat weights of Randle Reef
s i di ing Soxhlet i (A) and i
O @ O 8 O g 0 0 ® © extraction (B). The extracts were not subjected to the clean-up and
IR IR A fractionation procedure. There are no statistical differences in the
individual peak areas in the two Thech Hgrams were
s plotted at 254 nm. Peak identifications by number are as follows.
a [~
- Peak Number Compound Identification
™
ol le
i =] © 2 fluorene
= - -
@ o 3 phenanthrene
G ; | © 4 anthracene
o C n
5 5 fluoranthene
o ~ 6 pyrene
c
« 1O~
o 5 TE 7 benzofa]fluorene
5 r 8 benzo[a]anthracene
- tzE - s g 9 chrysene
2 LD -
ﬁ % = O 10 benzob]fluorene
1n oz . 1o Tehionk
2 11 phtho[2,1-cd]thiof
[ 12 benzo[b]fluoranthene
T ® o
< N - ~— 13 benzo[k]fluoranthene
- B
3 3 - == 14 benzofa]pyrene
[ L © 15 indeno[1,2,3-cdipyrene
(j benzo[ghi]perylene
16 benzo[bjchrysene
NARAABAZ SARS RAAS| 17 picene
S 0 808 0 O
0 © 0w T q 18 anthanthrene
- ]
29 30
Figure 8. Reversed phase HPLC chromatograms of the polycyclic aromatic
hydrocarbon extracts (fraction N1) prepared from equal weights of Randle
i) ® Reef sediment sediment following Soxhlet extraction (A) and ultrasonic
[ © [© extraction (B). There are no statistical di in the individual
areas in the two ch The were plotted at 254
nm. Peak identifications by number are as follows.
B S Peak Number Compound Identification
n
1 naphthalene
2 fluorene
L g 3 phenanthrene
4 anthracene
-~ 5 fluoranthene
© c 6 pyrene
o 7 benzola]fluorene
- 8 benzo[a]anthracene
a— o
E 9 chrysene
i 10 benzofblfluorene
1 henzolbinanhthol 2. 1-cdlthionh
12 benzo[b)fluoranthene
13 benzo[k]fluoranthene
LS 14 benzo[a]pyrene
15 indeno[1,2,3-cd]pyrene
benzo[ghi]perylene
16 benzofb]chrysene
§E &8 5 & | § TR e 8% Y pioene
S 2 g o 2 2 2 © 18 anthanthrene
< m
ngw nyw
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Txblc_l. A ison of p ic aromatic levels in Standard Refe
Material 1649 urban ics preparcd by i ion with the ificd values
quoted by the National I r and T¢ The numbers in parentheses
represent the number of replicate analyses. The NIST valucs resulted from extracts prepared
using a Soxhlet apparatus.
Compound Conceatration (ng/g) Certificd Value (ug/g)
fluoranthene 72+10@) 7.1+ 05
benzo[ajanthracenc 28 + 04 (4) 26+ 03
benzofalpyrenc 34 + 03 () 29 + 05
‘benzo[ghi]perylenc 4.1 % 05 (5) 45+ 11
indeno[1,2,3-cd]pyrenc 34 + 08 (5) 3305
Non-cerified Value (ug/g)
phenanthrene 3.7 05 (5) 45 + 03 (by HPLC)
pyrene 67+ 15@ 6.6 (by HPLC and GC)
chrysene 40+ 15 (3) 3.6 (by HPLC)
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extracts prepared using the described ionation method. The large peak eluting just

before benzofalpyrene (peak 14) is a solver. impurity.

A t-test was used for the comparison of the mean peak areas of the A23/LH20

fractions and an f-test was used for the comparison of the dard deviztions of the peak
arcas. No statistical differences in the individual compound peak areas in the two
chromatograms were found. The concenmations of naphthalene (peak 1, Figure 6)

determined in the crude extract were approximately 95 pg/g of dry sediment. During the

bsequent clean-up and fractionation procedures, the majority of the volatile naphthalene

was lost. The levels of phenanthrene and anthracene in fraction A23/LH20 are

approximately 80% of those in the crude exmract

‘Table 1 shows a comparison of the q PAH dara obtained from the
analysis of the extract of the standard reference material urban dust (SRM 1649) using

the ultrasonic extraction method and the i Institute of dards and T 1

(NIST) certified values. These samples were subjected to the clean-up and fractionation
procedure and the PAH were quantified by analyzing fraction A23/LH20. The PAH were

quantified using an intemal standard method (9,10-dimethylanthracene or 3-

methylanthracene) with GC-MS and GC-FID anal Other PAH ined in the
extracts were comparable with the non-certified values reported by the NIST (Table 1).

The ions using the ul ication method

quired far less time (45 min)
and far less organic solvent (150 mL in total) than extractions using the Soxhlet method

(48 hours and 700 mL of solvent). Ul i ion using the developed

P

methodology was performed in 45 min which made it comparable with SFE methods (39).
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Ultrasonic extraction does not suffer from the problems associated with SFE such as
restrictor clogging or the need for sample matrix or fluid system modifiers. Previous
work has shown that the Soxhlet extraction method using methylene chloride and
methanol sequentially, efficiently extracts 2 substantial number of polar compounds
(20.29). Based upon a comparison of weights of the methanol/methanol-water extracts

(fraction A4S) from the alumina column and the RP-HPLC chromatograms of these

fractions, it was concluded that the extraction of polar compounds using
is as efficient as Soxhlet exmaction. Compared to SFE, the ultrasonication extraction
method may be more efficient for the extraction of polar organic materials since modifiers
such as alcohols must be added to conventional carbon dioxide SFE systems 1o achieve
efficient extractions of mid-molecular weight PAH such as benzofa]pyrene. More than

one SFE fluid system may be needed for the ion of samples ini d

with a wide range of polarities. The SFE jon of organic

polar functional groups such as carboxyllic acids and hydroxyl groups can be difficult or

to be an area of active research.

ible (44,45) and

The opti ditions for were found to be dependent upon
the sample size and the matrix. For this study, 8 pulses of ultrasonic power and 50 mL
of solvent per extraction cycle were used for the extraction of sample sizes varying from
several hundred milligrams to 5 g of sample. An interval of one minute was maintained
between pulses and the beaker containing the sample was immersed in an ice bath to

minimize solvent heating. Solvent heating not only could result in the reduction of

solvent volumes prematurely, but in the loss of volatile compounds or the alteration of
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thermally labile compounds.

IL11 Testing of Proposed Methodology: Summary.

The method of ultrasonication for the extraction of organic material from sediment
and an urban dust standard reference material was fgund to be efficient This conclusion
was based upon a comparison with the Soxhlet method and a comparison of PAH levels
determined in an SRM with the certified values. The statistical comparisons between the

peak areas of the sedi A23/LH20 fracti cted using the two methods (t-test

and f-test) support the hypothesis that ultrasonication is equally cfficient as a Soxhiet
apparatus.

1 i ion can be perfi d in a short period of time and is applicable

to a wide range of sample sizes. The percentage of the original mass of material
extracted was found to be constant over a ten-fold sample weight range. The ulmasonic
probe apparars is easy to operate and the technique has been applied to a variety of
sample matrices including air particulate material as discussed later. The clean-up and

fractionation procedure was effective in the of the highly )

sediment sample into chemical compound classes. The recovery of PAH from an SRM

was efficient as evidenced by the comparison of the observed values with the certified

values.
Although the pl 1 p and fractionation procedure can be h
labour intensive, it has many ch making it ive for use in bi
37
Figure 9. Schematic of the sample extraction, alumina open column clean-up and
normal phase i-preparative. HPLC d class fractionati
procedure. This figure is identical to that of Figure 5 with the addition of
the p ges of d material ined in each fraction. The

values are expressed as a percentage of the original weight of extracted
material (100%) from the Randle Reef sediment sample.

SEDIMENT OR PARTICULATE FROM AQUEOUS MATRIX

EXTRACTION (DCMMEOH)
{100%)
NEUTRAL ALUMINA Al £
A2 BENZENE
A3: CHLOROFORM:ETHANOL (98:1)
AL METHANOL
[ A2 A3 A4 ps AS: METHANOL:WATER (80:20)
Al A23 A45 —————————————P» BIOASSAY
(18%) (22%) (33%)
SEPHADEX LH20 I
Aliphatics A23/LH20
(15%) (7%)
>
NORMAL PHASE PREPARATIVE HPLC o
————— BlOASSAY

NO N1 ITZ N3 l\|l4 N5 N6 N7

|
0.5%) (0.5%) (0.1%)
(1.7%) 0.4%) 0.1%) (1.8%)
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directed fracti i These istics, as described by McCalla et al (29) include:
2) high sample loading capacity b) high lution ¢) selectvity for pound classes d)

producibility ¢) ive procedure and f) compatibility with the bioassay-directed

fractionation methodology.

IL2 Extraction and Chemical Analysis.

IL2.1 Randle Reef Sediment Sample.

The sediment sample was collected with an Eckman dredge from an area east of
Randle Reef adjacent to the Stelco coking pier (Figure 1). The sediment sample was a
black oily slurry (52% water by weight) with a strong odour that was still apparent after
drying. Extraction of the dried material resulted in an extract that was 2.5% of the dry
sediment weight; 73% of this extracted material was removed by methylene chloride, the
remaining 27% by methanol. No PAH were determined in the methanol extract when it
was analysed by RP-HPLC (data not shown), but studies with air particulate material have

shown that polar compound: d by I can account for significant amounts

of mutagenic activity (20). Murphy ez al (2) have observed organic solvent extractables
from the Randle Reef area to be as high as 16% of the original dry weight of sediment.

The I hloride  and hanol extracts were combined and

hed on

P PP

ly 73% of the total mass of the extract was

recovered from the alumina clean-up procedure. Figure 9 shows the sample preparation

38

scheme with the p of d material ined in each fraction. The values

are expressed as a percentage of the original weight of extracted material from the Randle
Reef sediment sample. The remainder of the extwact (approximately 27%) was
irreversibly adsorbed to the alumina.

Fraction A45, which contains the polar organic compounds, accounted for 33% of
the mass of extracted material but was difficult to anqun given the polar nature of the
compounds present. The UV absorption and fluorescence profiles resulting from the RP-
HPLC analysis of fraction A45 were obscrved to contain few compounds (Figure 10).
Analysis of similar alumina fractions from air particulate materials has shown that fraction

AdS ins alkylphenols, nitrophenol hthols, and acids (20).

Fraction A23 contained approximately 22% of the mass of the crude extract. The

aliphatics contained in fraction Al (Figure 11) and additional aliphatics removed from

fraction A23 by the Sephadex LH20 phy step rep d 15% of the original
mass of extracted material; the aromatic compounds (fraction A23/LH20) represented only
7% of the mass of original extracted material (Figure 9).

Quantitative analysis of the PAH in fraction A23/LH20 was achieved by GC-MS.
Figures 12 and 13 show GC-MS and RP-HPLC chromatograms of the A23/LH20 fraction
of the sediment extract. The profiles of these chromatograms are indicative of coal tar

The quantitati of PAHd ined in fraction A23/LEH20

are shown in Table 2. These results are similar to those of Murphy et al (2), who
characterized PAH in a large number of samples from the Randle Reef area. A number

of substituted PAH and sulphur heterocyclic PAC (thia-PAC) were also identified in the
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GC-MS total ion current chromuatogram of the Randle Reef sediment

sample extract fraction A23/LH20. The peaks are numbered to correspond

with those listed in Table 2, which also lists the concentrations of PAH

expressed in pg/g of dry sediment.

Figure 12.
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Figure 14.

Table 2. Common PAH determincd in the Randle Reef scdiment sample. The peaks are
numbered as to correspond to those in the figures. Concentrations are expressed in pg/g of dry
sediment. Naphthalene, duc to its volatility, was quantitated in the bulk extract using RP-HPLC
‘The total PAH content, cxpressed as the summation of the reported values in the table,

was 583 pg/g.

Compound

1. Naphthalene

2. Fluorene

3. Phenanthrenc

4. Anthracenc

5. Fluoranthene

6. Pyrene

7. Benzo[ajanthracene
8. Chrysene

9. Benzo[b]fluoranthcnc
10. Benzo[k]fluoranthene
11. Benzo[ejpyrenc

12. Benzo[a]pyrene

13. Indeno[1,2,3-cd]pyrenc

14. Benzo{ghilperylenc

UNR' denotes peaks unrcsolved by GC-MS.

Molecular Weight

¥
166
178
178
202
202
228
228
252
252
252
252
276

276

43

Concentration (ug/g)

939

71

556

145

303

552

406

40.5

874

874

213

49

22

143

(UNR)

(UNR)

45

Normal phase semi-preparative HPLC chromatogram showing the

fractionation of the Randle Reef sediment sample extract fraction

A23/LH20. The inj

extract and is equivalent to the extract

p ly one tenth of the total

rdrc:rivcad from 566 mg of sediment.

The UV absorption profile was plotted at 254 nm. Collection times for the
N fractions (also described in the experimental section) are as follows.

Fraction

NO

NI

Né

N7

Collection Time

0 minutes to 7.5 minutes

7.5 minutes to 24 minutes
24 minutes to 30 minutes
30 minutes to 35 minutes
35 minutes to 40 minutes
40) minutes to 45 minutes
45 minutes to 50 minutes

50 minutes to 65 minutes

*These collection times result in PAH in the molecular weight range of 152
daltons to 278 daltons being collected in fraction N1, If the collection time
for this fraction is extended to 25 minutes, PAH of molecular weight 302
daltons and higher will be collected in fraction N1 instead of fraction N2.

4
sediment extract (46). Because of the likelihood of loss due to its volatility, naphthalenc
was determined in the crude extract by RP-HPL.C immediately after sample extraction and
solvent reduction. The total PAH concentration (defined as the sum of the concentrations
of the individual unsubstituted PAH) was approximately 600 pg/g (Table 2).

The non-polar PAC fraction (fraction A23/LH20) was further fractionated into
compound classes using normal phase semi-preparative HPLC (Figure 14). The RP-
HPLC chromatogram of fraction N1 showed that it contained the low to mid-molecular

weight PAH (MW 128 to MW 276 amu). Fraction N1 also contained the alkyl-

d low to mid-molecular weight PAH and sulphur heterocycles. The RP-HPLC
chromatogram of fraction N1 is very similar to that of fraction A23/LH20 (Figures 13 and
15).

The analysis of fraction N2 by RP-HPLC with UV absorption and fluorescence
detection (Figure 16) and GC-MS (Figure 17) revealed the presence of very high
molecular weight PAH (greater than 278 amu) and assorted aza-aromatics and keto-PAC.
These compounds are commonly found in coal-tar extacts. A number of these
compounds were also detected in an N2 fraction prepared from a solvent extract of a
Sydney Harbour, Nova Scotia sediment sample (47). Like Hamilton Harbour, large areas
of Sydney Harbour contain sediments that are grossly contaminated by coal tar as a result
of coking operations at a steel mill, The high molecular weight PAH (greater than MW
278) are observed only in the RP-HPLC chromatogram (Figure 16); the N2 fraction
corresponding to the GC-MS chromatogram shown in Figure 17 was collected from the

NP-HPLC column with a modified collection time so that the high molecular weight PAH

46
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Figure 17. GC-MS total ion current chromatogram resulting from the analysis of the
Randle Reef sedi sampl N2 fraction. C identification
was based upon comparison of mass spectra with library spectra.
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were eluted in fraction N1 (see footnote to caption in Figure 14).

Fraction N3 was also analysed by boti RP-HPLC (Figure 18) and GC-MS (Figure
19). This fraction was also observed to contain keto-PAC and aza-aromatics. Fractions
N4, N5, N6, and N7 were analysed by RP-HPLC but none of the compounds observed

were identified (data not shown).

IL22. Station 910 Sediment Sample

Sediment was also sampled from the western end of the harbour {station 910) to
provide both chemical and biological comparison data from an area far less contaminated
by PAH than the Randie Reef area. The PAH levels in sediment sampled from this area
range from undetectable levels to 17 pg/g (2). Approximately 11.5g of dry sediment was

extracted and cleaned-up using the ibed jcation/cl /

procedure.  Figure 20 is the reverse phase HPLC chromatogram resulting from the
analysis of fraction A23/LH20 of the station 910 sediment extract. The individual PAH
determined in this extract were the same as those found in the Randle Reef sediment
extract and the chromatographic profiles arc similar. The total PAH content in the station

910 extract was found to be approximately 85 times lower than the Randle Reef sample.

IL23 Sediment Trap Samples

Three sediment trap samples from station 53, collected at three depths near the
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Figure 19.  GC-MS total ion chromatogram resulting from the analysis of the Randle
Reef sediment sample extract N3 fraction. Compound identification was
] Q based upon comparison of mass spectra with library spectra.
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Figure 20. Rev_crsc phase HPLC chromatogram of the A23/LH20 fraction of the
station 910 sediment sample extract. The UV absorption profile was
plotted at 254 nm. The amount of sample injected was equivalent to the
extract derived from 1.15 g of sediment. Peak identifications by number
are as follows.
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mouth of the Windemere Arm (Figure 1), were subjected to an i h

characterization to provide data for comparison with the Randle Reef sediment sample.
Quantitative analysis of the PAH in fraction A23/LH20 was achieved by GC-MS. Figures
21 and 22 provide comparisons of the three station 53 sediment trap-samples and the
Randle Reef sediment sample. Figure 21 is a set of four GC-MS total ion current
chromatograms of the A23/LH20 fractions while Figure 22 is a set of four RP-HPLC
c}upmxmg;mms of the same samples. The chromatograms in each of the figures are very

similar indicating that the sediment taps received substantial contributions due to the

pension of coal tar inated sedi from the Randle Reef area. __

Quantitative measurements of PAH present in the sample extracts are shown in
Table 3. Table 4 lists the relative amounts of material contained in the crude extracts and
A23/LH20 fractions of the sediment trap extracts, and are expressed as percentages of the
masses of extracted organic material from each sample. The results of the PAH analysis

of the sediment trap sample extracts were similar to those obtained by the National Water

Research Institute (48). As with the Randle Reef sedi sample, alkyl-substituted PAH

and thia-PAC were also identified in the sediment trap sample extracts (46).

The similarity of the ct phic profiles is further illustrated in Table 5,
which shows the relative PAH concentrations from Figure 21 normalized 1o chrysene
(peak area 100%). With the exception of the more volatile PAH, phenanthrene and
fluoranthene, the relative peak areas show a similar trend in all 4 samples. A comparable
chromatographic profile was also observed in sample extracts of the station 50 sediment

traps (Figure 24). It is interesting to note that in addition to PAH, high concentrations

57

Figure 22.  Reversed-phase HPLC ch the comparison between
the Randle Reef sediment sample extract fraction A23/LH20(D) and the
station 53 top (A), middle (B) and bottom (C) sediment trap sample
extracts fraction A23/LH20. The UV absorption chromatograms were
plotted at 254 nm. Peak identifications by number are as follows.

Peak Number Compound Identification
1 phenanthrene
2 fluoranthene
3 benzolalanthracene
4 chrysene
5 benzo}b|fluoranthene
6 benzolapyrene
7 indenoj 1,2,3-cd]pyrene

benzojghilperylene

Figure 21.

56
GC-MS total ion current ing the parison between
the Randle Reef sediment sample extract fraction A23/LH20 (D) and the
station 53 top (A), middle (B) and borom (C) sediment trap sample
extracts fraction A23/LLH20. The compound identifications can be found
by refering to the individual GC-MS ct of the Randle Reef
fraction A23/LH20 (Figure 12) and station 53 sediment trap fraction
A23/LH20 (Figure 23) chromatograms.
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Figure 23.

Table 3. Common px

59

GC-MS total ion current chromatogram of the station 53 middle sediment
trap extract fraction A23/LH20. Compound identification was based upon
retention time comparison with authentic standards and mass spectra
comparison with library spectra. Compounds were quantified using an
internal standard method (9,10-dimethylanthracene).

Peak Number

[N)

ic aromatic

Compound Identification

phenanthrene
fluoranthene

pyrene
9,10-dimethylanthracene
benzolalanthracene
chrysene

benzolj/k |fluoranthenes
benzolejpyrene
benzola]pyrene

indeno| 1,2,3-cd]pyrene

benzo|ghi|perylene

samples. Concentrations arc expressed in ug/g of dry material.

Compound

phenanathrene
anthracene
flucranthene
pyrene

benzo(a)
anthracene

chrysene
benzofj/k]
fluoranthene
benzofa]pyrenc
benzo[e]pyrene

indeno[1,2,3-cd}
pyrene

benzo[ghi]
perylenc

Station 53
Top

248

9.75

992

829

931

1335

6.86

621

Sution 53 Station 53
Middlc Bottom Top
163 2.53
647 822 092
586 8.88 0.81
447 6.48 030
5.05 7.82 033
691 7.60 023
022
31 4.65 0.15
229 3.04 013

Suation 50

61

in Hamilton Harbour sediment trap

Station 50
Bouom

0.57
0.19
133

124

033

025

0.21

2100000
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1100000

1000000

900000

800000

700000

600000

500000

400000

300000

200000

100000

fbundance
2200000

TIC: MSUANZ3L.D

Table 4. Weight of material in each fraction expressed in milligrams (mg). The numbers in parentheses arc

the weights expressed as a percentage of the weight of material originally extracted.

Station 50
Bottom

Station 50
Top

Station 53

Bottom

Station 53
Middle

Station 53
Top

Fraction

343mg (100%) 700 mg (100%) 87.5 mg (100%) 94.8 mg (100%)

57.0 mg (100%)

Crude Extract

3.84 mg (4.4%) 2.5mg (2.6%)

1.0 mg (1.1%)

0.625 mg (1.10%) 0.875 mg (2.7%)

A23/LH20

144 mg (1.6%)
094 mg (1.1%)

0.75 mg (0.8%)

220 mg (31%)

18.8 mg (59%)
0.50 mg (1.6%)

17.8 mg (31%)
0.875 mg (1.5%)

1.10%

1.00%

177%

0.94%

1.07%

Total

Percentage
Extractable

T T T T
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of sulphur (approxi: 25 pg/g dry weight of sediment trap material) were

quantified in the station 50 sediment trap sample extracts. Sulphur was not found in the
sediment trap material extracts from the other sites or in the Randle Reef sediment
extract. ’ B

As was the case with the A23/LH20 fractions, many of the compounds determined
in the sediment trap N2 and N3 fractions were also determined in the corresponding
extracts of the Randle Reef sediment sample. Many of these compounds identified in
fractions N2 and N3 are commonly determined in extracts of coal tar. Various keto-PAH
were determined in fraction N2 using GC-MS (Figure 25) while aza-PAH, quinones and
larger keto-PAH were determined in fraction N3 (Figure 26). The analysis of the station
50 bottom sediment trap extract fraction N2 by GC-MS in selected ion monitoring mode
failed to detect the presence of nitrated PAH (Figure 27). The analyses of selected

sediment trap fractions using GC-MS and RP-HPLC are shown in Appendix 1.

23 E ion and Chemical Analysis, y

The detailed chemical analyses of the Randle Reef sediment sample and the station
53 sediment tap samples using GC-MS and RP-HPLC with UV absorption and

f imilarities in the

profiles of

these samples. The chromatographic profiles of the non-polar PAC fractions (A23/LH20)

arc d by h yclic PAH. The ch hic profiles of the more polar PAC

N2 and N3 fracti led the p of d 10 all samples and are
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Figure 24.  GC-MS total ion current chromatgram of the station 50 top sediment trap
extract fraction A23/LH.20 Compound idendfication was based upon
time thenti dards and mass spectra
comparison with library specua. Quantification was achieved using an
internal standard method (9,10-dimethylanthracene).
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Figure 25.  GC-MS total ion chromatogram of the station 53 top sediment trap fraction
N2. Compound identification was based upon retention ime comparison

with authentic compounds and mass spectra comparison with library

specta.
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Figure 26.  GC-MS total jon chromatogram of the station 53 top sediment trap extract
fraction N3. Compound identification was based upon retention time

p with known p and mass spectra comparison with
library spectra.
poondance, TIC: 9256F142.D
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commonly determined in extacts of col tar contaminated samples (24,49). These data

show that using conventional GC and HPLC methods, it is ble to lude that
coal tar i is the p i if not iall lusive source of organic
pollutants in these samples. Furth the inaticn of i from sources
other than coal tar in Hamilton Harbour using jonal analytical i would

be difficult. The normalized PAH data shown in Table 5 appear to support the hypothesis
that resuspended material from coal tar contaminated areas is the principal contributor to

the chemical profiles exhibited by extracts of suspended sediments.

IL3 Biological Assays with Salmonella Typhimurium

IL3.1 Randie Reef Sediment Sample

The crude sediment extract was tested for either frameshift mutagens using strain
YG1020, a strain similar to the Ames strain TA9S, or for base substitution mutagens
using YG1025, a strain similar to TA100 (50-52) (Figure 28). The mutagenic potency
of the crude extract expressed as revertants per milligram of extracted material is shown
in Table 6. The values were calculated by regression analysis of linear portions of the

dose response curves. In both strains, the dose response curves for these complex

les were linear. Dose profiles of PAH-rich samples such as

P

coal tar extracts have been d to result in nonli (53). This result may

be due to the complexity of the sample mixture and the resulting inability of the bacteria

REVERTANTS
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Figure 27.  GC-MS selected ion monitoring chromatogram of ions m/z 247, m/z 217
and m/z 201 of the station SO bottom sediment trap extract fraction N2.
These data show no evids for the p of nitrof h or
nitropyrenes as evidenced by the absence of peaks in the TIC that exhibit
jons of m/z 247 and m/z 217 or m/z 201.
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Figure 28.  Dose resp curves obtained from the bi of the Randle Reef

sediment sample crude extract with the YG1020 (TA98-like) and YG1025
(TA100-like) strains both with and without metabolic activation (S9). The
sample was not subjected to the alumina and Sephadex LH20 clean-up
procedures. The mutagenic potency value is shown in Table 6 and was
obtained by regression analysis of the linear portions of the dose response

curves.
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Table 6. Net mutagenic poiency of Randle Reef sediment fractions expressed as revertants per milligram of extracted material.
“The vals 1 i tysis of the s i the dose. Positi

control values arc expressed as reveriant eolonies per plate. S:d.nﬂdcvinim ¢ positi ‘sponiancous values were
based lati results from 25 repli J
FRACTION TASS-LIKE STRAINS
YG1020 YG1021 YG1024
Nitroreductase O-acatylinnsfersse
DIRECT (+59) DIRECT  (+9) DIRECT (+59)
Crude 9523 2088171
AZYLH20 406446 17702383 215257 13524228 25648 165424
Ads 5626 60:16 Be2192 174245
Nt 186434 15142128 509 662418
N2 10619 [ 39651 132434
N3 [ 63426 2422 9211
‘Spoataneous 21 27410 3423 423 4013 10938
1,8-DNP (7.2X10-4 pgjplatc) 4364249 39219 3682153 62438 37202203 240487
2AF (3.6 pgiplatc) 58439 3503s262 54228 B12:124 31214 17874691
TA100-LIKE STRAINS
YG1025 YG1026 YG1029
Nitroreductase O-acetyltransfernse
DIRECT (+59) DIRECT  (+59) DIRECT (+59)
Crude 2Ms36 48802855
AZ3ILH20 566582 64903566 + 44902110 48274293
g5 12:73 48261
N 441260 40184341
N2 45457 17T
N3 65468 147446
Sponisncous 158216 190215 2092138 254230 161278 183219
Sodium Azide (S.0pg/plaic THLATE  ST62173 5172419 4492190 9321510 4674255
BlalP (1.0ng/plats) 2324169 9935256 190246 8612217 181560 9692275

3

Figure 29.  GC-MS selecied ion monitoring chromatogram of ions m/z 247, m/z 217
and m/z 201 of the Randle Reef sediment sample extract fraction N2.
These data show no evid for the of nitrofl i or
nitropyrenes as evidenced by the absence of peaks in the TIC that exhibit
both the molecular ion m/z 247 and either of the two fragment ions.
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to respond ad ly to such an ive number of d

P

The high PAH levels in these extracts were also emphasized by the dramatic
difference in the dose responses of the two tester strains when metabolic activation was
provided by the addition of a microsomal preparation of oxidative enzymes (S9). Asa
class, lic PAH compounds are base-pair sut

Table 6 shows the mutagenic responses for the crude extract and for several
fractions derived from the Randle Reef sediment sample. In addition to strains related
to the standard Ames strains TA98 and TA100 (YG1024 and YG1025 respectively), the
fractions were tested in strains which had approximately 50 additional copics of two
activating enzymes incorporated into their genetic material. Strains containing exma
copies of a nitroreductase enzyme are strain YG1021 (TA98-type) and strain YG1026
(TA100-type) while strains containing extra copies of an O-acetyltransferase gene are
strain YG1024 (TA98-type) and strain YG1029 (TA100-type). Since there was no

d with

increase in mutagenic response in these strains pared to the

strains without the enzy it can be luded that the icity of the exmacts is

mainly due to homocyclic PAH and that the exwacts do not contain significant levels of

compounds such as nitro-PAH that show i d 10 acety and/or

nitroreductase. These results were confirmed using chemical analysis. GC-MS analysis
in selected ion monitoring mode of the N2 fraction failed to detect any nitro-PAH (Figure
29).

The assays of fraction A23/LH20, particularly those using the TA100-type strains,

still exhibited non-linear responses at higher doses (Figures 30 and 31), but this effect was
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Figure 30.  Dose response curves exhibited by fraction A23/LH20 of the Randle Reel
sediment trap extract when assayed with the TA98-like strains. Doses were
normaiized to the amount of organic material originally extracted
(milligram equivalents). Mutagenicity values for these assays are reported
in Table 6.
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Dose response curves exhibited by fraction A23/LH20 of the Randle Reef
sediment trap extract when assayed with the TA100-like strains. Doses
were normalized to the amount of organic material originally extracted
(milligram equivalents). Mutagenicity values for these assays are reported
in Table 6.
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Dose response curves exhibited by fracton A45 of the Randie Reef
sediment sample extract when assayzd with srain YG1020 (TA98-like) and
strain YG1025 (TA100-like). Doses were normalized to the amount of
organic material originally d (milligram equi M icity
values for these assays are reported in Table 6.
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less pronounced than was observed in the assays of the crude extract. The addition of $9
10 the A23/LH20 fraction when assayed with the TA98-like strairs produced positive dose

response curves which only achieved a doubling of o at

the highest doses. The lack of increased sensitivity in the TA98 derivative strains again

showed the absence of frameshift mutagens which require O-acetyltransferase or

di o be bolized to ic i diates (Figure 30). The
lack of increased response to strains containing multiple copies of these enzymes
underscores the absence of frameshift mutagens in the Randle Reef sediment extract.

The strong response of TA100-type strains to the A23\LH20 fraction revealed that

this fraction ined primarily base pair ituti (Figure 31). While

metabolic activation with S9 was required to obtain a positive dose response, there was

1O NOtH i in i in strains dditi

P

1 copies of

either the nil d or the O lransfe genes.

Fraction A45, which contained polar PAC, was tested for mutagenic activity with
strains YG1020 and YG1025 but showed no positive response with or without S9
activation (Figure 32 and Table 6).

Selected normal phase N fractions derived from the A23/LH20 fraction were
assayed to further confirm the identity of the compounds responsible for the activity
observed in the crude extract (Figures 33-35). None of the N fractions exhibited
significant responses in the TA98-like strains without metabolic activation with the
exception of fraction N2 when assayed with strain YG1024 (Figure 35). This response

may be due to the presence of nitro-PAH at levels in the extract that were below the
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Figure 33.  Dose resp curves exhibited by selected N fractions of the Randle Reef

sediment trap extract when assayed with stain YG1020 (TA98-like).
Doses were normalized to the amount of organic material originally
extracted (milligram equivalents). Mutagenicity values for these assays are
reported in Table 6.

800+
600
4004
] FRACTION N1
200+ YG1020 +S9
] FRACTION N1
] YG1020 DIRECT
0.00 005 0.0 015 020 025 0.30

DOSE (mg equiv.)



79

Figure 34.  Dose response curves exhibited by sclected N fractions of the Randle Reef
sediment wrap extract when assaved with strain YG1025 (TA100-like).
Doses were nommalized to the amount of organic material originally
extracted (miliigram equivalents). Mutagenicity values for these assays are
reported in Table 6.
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detection limits of the GC-MS instr ion. The large resp: hibited by the N1

fraction in the TA98-like strains with the addition of metabolic activation are due to PAH
(Figure 33); these responses are lower than observed in the TA100-like strains.
Fraction N1 contained most of the mutagenic potency observed in fraction
A23/LH20 with the TA100-like strains with metabolic activation (Figure 34 and Table
6). The regression values for the N fractions given in Table 6 indicate that fractions N1

and N2, which ined the PAH, accounted for approxi 1y 80% of the mutagenic

activity observed in fraction A23/LH20 of the Randle Reef sediment sample. Figure 36
illustrates the relative mutagenic contributions of the N fractions to the total actvity

observed in the parent A23/LH20 fraction when assayed with strain YG1025+89.

IL32 Randle Reef Sediment Sample Fraction N1

Mutachromatogram

Since fraction N1 ined most of the genic activity exhibited by fraction

A23/LH20 (Table 6), this fraction was the focus of further separations and bioassays to

the individual ds responsible for the activity. Fraction A23/LH20 was

P

again chromatographed on the normal phase PAC column and the collection time for
fraction N1, normally 7.5 minutes to 24 minutes, was extended to 25 minutes (see
footnote to caption to Figure 14). This resulted in the high molecular weight PAH greater
than MW 278 amu being collected in fraction N1. This was done to concentrate all of

the PAH, and all of the mutagenic activity of fraction A23/LH20, in fraction N1. The

Figure 35.
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Doge response curves exhibited by selected N fractions of the Randle Reef

sed.xme.m exmact when assayed with stmain YG1024 without metabolic

. Doses are exp d in milligram equivalents of exracted
material. Mutagenicity values are reported in Table 6.
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Histogram showing the relative contributions of the Randle Reef sediment
N fractions to the total mutagenic activity observed in the parent fraction
A23/LH20 when assayed with strain YG1025+59. The mutagenic activities
exhibited by each of these fractions are listed in Table 6.
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mutagenic activity previously observed in fraction N2 was likely due to the high Figare 37.  Randle Reef sediment sample extract fraction N1 mutachromatogram. One
. . i X minute subfractions were collected betwsen 12 mirutes and 48 minutes
molecular weight PAH previously cellected in that fraction. clution times using RP-HPLC and assayed using strain YG1025 (TA100-
Tike) wii it : PRV
This fresaly collected fraction N1 was further fractionated by RP-HPLC and one su.:;v:;ﬂt:;af:xp;l:s:;fassg;l;?;mm per pla‘nc (nu;:f,:-b:f Tevertant
. X . . ) colonies minus the number of spontancous revertant colonies) and is the
minute subfractions, collected between 12 and 48 minutes elution times, were assayed in . average of duplicate measurements. The RP-HPLC UV absorption profile
. . X . - ) was plotted at 254 nm. Peaks are numbered 1o correspond with those in
duplicate using strain YG1025 with the addidon of $9. Figure 37 is a Table 2. Peak idertifications are based on retention time comparisons with
authentc s i 5] ith li
. " showing the RP-HPLC UV ion profile (254 nm) of ion entic standards and comparison of UV spectra with library spectra.

N1 (Figure 37B) and the net mutagenic responses of each of the one minute subfractions

(Figure 37A). The number of sp revestant colonies (150) was subtracted from Peak Nomber Compound
the i P of each ction to result in a net mutagenic response per
. . . seni positive tesponses in the . 3 phenanthrene
h can be identified as those ding 150 net revertants (double the 4 anthracene
spontaneous reversion rate). 5 fluoranthene
The majority of the mutagenic activity was observed in subfractions with retention 7 benzo[ajanthracene
times between 30.5 minutes and 36.5 minutes. Three subfractions showing net mutage 8 chrysene
P of approximately 150 elute in the 25 minutes to 27 minutes retention 9 benzo[b]fluoranthene
time range. This range ponds to the known ion time for benzo[alpy (peak 10 benzo[kifluoranthene
12, Figure 37). This compound, 2 known carcinogen and was found to be 2 benzofalpyrene
primary mutagen in a Sydney Harbour, Nova Scotia sediment sample (47) but was present 3 indeno{1,2,3-cdlpyrenc
at higher concentration in that sample extract relative to the higher molecular weight 14 benzofghi]perylene
PAH.
The 30.5 minutes to 36.5 minutes subfractions were pooled and analysed using
GC-MS. A total ion current chromatogram produced in full scan mode revealed that
85 86
450+ compounds of molecular weights 276, 278, and 302 were present (Figures 38 and 39).

Indeno[1,2,3-cd]pyrene and benzo[ghilperylene were identified. Compounds with a

350 molecular weight of 278 amu may include picene, dibenz[ah]anthracene,

dibenz[ac]anthracene, and benzo[b]chrysene, all of which have been determined in
300
extracts of Hamilton Harbour sediment samples (2).  The molecular weight 278
250
compounds were not sufficiently resolved to make positive identifications. The profile
200+

REVERTANTS

of the molecular weight 302 compounds showed a striking similarity to the profile

1501 observed by Wise er al (54) in fractions isolated from coal tar samples.

100/ Dama for the genotoxicity of benzo[ghilperylene, indeno[1,2,3-cd]pyrene, and

50 dibenz[ah]anthracene have been reported in studies using the Salmonella/microsome assay

and other short-term biological tests (55-58). The lowest effective doses for these

20021 B individual compounds in TA100 with S9 activation are in the range of the concentrations
i:::: * in the N1 subfractions isolated from the fraction N1 mutachromatogram.
14207
5 1209 IL33 Station 910 Sediment Sample
10027

soo]
6021 Fraction A23/LH20 of the station 910 sediment sample extract was assayed with

“ee strain YG1024 (TA98-like) and YG1025 (TA100-like) (data not shown). No significant
2027

direct response was observed with strain YG1024 (66 rev/mg equivalent) but positive dose

30
Time (min.)

response curves were observed in both strains with the addition of oxidative metabolism.
The extrapolated mutagenicity values for the two strains with S9 were very similar (strain

YG1024+S9 - 229 rev/mg equivalent, strain YG1025+59 - 220 rev/mg equivalent). These
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Figure 38. GC-MS total jon chromatogram of the Randle Reef fracton N1

ions collected in the 30.5 minutes to 36.5
minutes retention time range.

TIC: 920CT12.D
Peak number  Compound Identification

800000
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2 ‘molecular weight 278 PAH | |/
700000 3 ‘benzo[ghilperylene
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650000
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600000 6 unidentified
550000
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89
dara do not provide evid for the p of i pounds other than PAH.

IL34 Sediment Trap Samples

341 Mutagenicity Tests: TA100-Like Strain.

The A23/LH20 fractions from five sediment trap samples (station 50 and station
53 samples, Figures 40 and 41) were tested for base-pair substitution mutagens using
Salmonella strain YG1025 (TA100-like strain)(50-52). These assays resulted in data that
were similar to those produced with the Randle Reef sediment sample extract. In the
YG1025 strain, the dose response curves were non-linear. The high PAH levels in the
sample exmacts were also manifest by the dramatic difference in the dose responses with

S9 activation. The addition of $9 to the A23/LH20 fractions produced dose resp

Sl

curves which achieved a ing of sp ion freq at the higher doses.

As with the Randle Reef sediment sample, the positive response of TA100-type
strains to the A23/LH20 fractions revealed that the samples contained base pair

bstituti The of the extracts were determined from

regression values calculated for the linear portions of the dose response curves (Tables
7 and 8).

The sediment trap samples contain lower concentrations of PAH than the Randle
Reef sediment sample by factors of 5-fold to 200-fold. To provide dara for comparison

purposes, normalization factors for PAH were caiculated based on the levels of five
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Figure 39.  GC-MS selected ion monitoring chromatogram of the Randle Reef fraction
N1 h subfractions collected in the 30.5 minutes to 36.5
minutes retention time range. Selected ions were m/z 276, m/z 278 and
m/fz 302.
PBundance TIC: 92SEPRZ.
4600007  Peak number Compound Identification
440000
420000 1 indeno[1,2.3-cdjpyrene 1 3
400000 2 molecular weight 278 PAH
260000 3 benzofghilperylene
360000 4 molecular weight 276 PAH
5 molecular weight 302 PAH
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Figure 40.
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Dose response curves for the station 50 sediment trap exwracts fraction
A23/LH20 when assayed with strain YG1025 (TA100-like) with and
without metabolic activation (89). Doses are expressed in revertants per
milligram equivalents of extracted material. The mutagenic responses
.cxt'xr'ai?la;cd from the linear portions of the dose response curves are shown
in Table 7.
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Figure 4.  Dose responsc curves exhibited by the station 53 sediment
traps fraction A23/LH20 when assayed with strain  YG1025
(TA100-like).
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Table 8. Mutagenic potencics of station 50 sediment trap extract fractions expressed in
revertants per milligram cquivalent. NR denolcs ng response.

Strain/Fraction Top Bottom
YG1024 Direct +§9 Direct +89
(TA98-like)

A23/LH20 18435 4680 13424151 1685£162
A4S 4348 NR 3443 NR
N1 NR NR 22540
N2 95104252 1260+250 675+45 NR

N3 126754891 20714417 1390415 138221
N4s56 12545 NR 5945

N7 204440 504197 204440

YG1025

(TA100-like)

A23/LH20 153413 945435 NR 608451

*The top and bottom N7 fractions were combined to form a composite fraction.
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Table 7. Mutagenic potencics of station 53 scdiment trap extract fractions cxpressed in revertants per
milligram equivalent. NR derotes no responsc.

Strain/Fraction Top Middte Bottom
YG1924 Direct +59 Direct +59 Direct +89
(TA98-like)

A23/LH20 220425 745458 145:35  976:82 399437 1098454
Reconstructed 1283 "1886

A23/LH20

A4S NR 154+18  NR

N1 NR 69860 3544 4274113 NR 222413
N2 NR NR 11654109 185436  82+19  NR
N3 37519 230430 26474894 1455:183 21004138 589169
N4s6 NR NR NR NR

N7 ‘150 214420 NR 27710

YG1025

(TA100-like)

A23/LH20 310441 1513113 NR 1329439 NR 1326465

‘Based on a single 0.50 mg cquivalent dose measurement
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selected homocyclic PAH in the Randle Reef sediment sample and the station 53

trap samples: pyrene, benzola chrysene, benzo[ghi}perylene, and

indeno[1,2,3-cd]pyrene. These compounds were chosen to avoid disproportionably high

due tod d levels of more volatile PAH in the sediment trap
sample extracts relative to the Randle Reef sediment sample extract. The normalized
sediment trap data results in dose response curves that have similar slopes for the Randle
Reef sediment sample and the station 53 sediment trap sample extracts (Figure 42). This
data does not provide conclusive evidence that PAH are the only source of base pair
substitution type mutagens in the station 53 sediment wap_ sample extracs. The
normalized response values for the Station 50 sediment trap samples resulted in dose
response curves that were much greater in slope than the siope exhibited by the Randle
Reef sediment sample (Figure 43).

The results of the assays with strain YG1025 did not reveal any significant
differences in the biological profile between the Randle Reef sample extract and the
extracts from station 50 and station 53. Further investigation of the sediment trap sample

extracts in the form of assays of the N fractions using strain YG1025 was deemed

y. Itwas Tuded that the compounds identified in the Randle Reef sediment
sample extract fraction N1 mutachromatogram were likely those responsible for the
TA100-like strain activity observed in the sediment trap sample extracts. Due 10 the low

PAH levels in the sediment trap samples and the relatively small weight of extract

obtained from these samples, fraction N1 could not be p
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Figure 42.  Comparison of responses of station 53 sediment trap and Randle Reef

sediment fractions A23/LH20 normalized for PAH content. The dose
response curves are for normalized assay results with strain YG1025+89.
The normalizion factors, defined as the averages of the ratios in PAH

ions of pyrene, benzo[a chrysene, b and
indeno(1,2,3-cd]pyrene between the Randle Reef sediment sample and the
station 53 sediment trap samples are as follows:

Station 53 top sediment wap sample - 4.3:1
Station 53 middle sediment trap sample - 8.0:1

Station 53 bottom sediment trap sample - 5.7:1

The bnoassay results for the sediment wap A23/LH20 fractions were

d by these normalization factors to result in the dose
response curves shown in the figure.
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1342 Mutagenicity Tests: TA98-Like Strain.

The Randle Reef sediment and sediment rap extracts were tested for frameshift
mutagens using Salmonella strain YG1024, a strain similar to the Ames strain TA98 (50-
52). We believe this strain to be a suitable choice for the detection of mutagenic activity

in ! i 1 mi: The initial bit

of the station 53 sediment trap
sample extracts fracion A23/LH20 with stain YG1024 indicated that there was

‘marginally greater biological activity in two of the sediment wap samples as compared

to the Randle Reef sediment sample (Figure 44). As a result of this preliminary data,
fresh samples of the station 53 sediment aps were extracted, cleaned up and fractionated
and the resulting N fractions were assayed (Figures 45-47). These assays yielded
significant results. Large positive responses were observed, particularly in the N3

fracti The resp: of the N3 fractions was also observed to be greater without

the addition of oxidative metabolism in the form of S9. The mutagenicity values for

the station 53 scdiment trap extracts are shown in Table 7.

The large positive direct-acting resp hibited by the N fractions was not

observed when the A23/LH20 fractions were assayed (Figure 44 and Table 7), but when

the smtion 53 top trap N fractions were 4 to form a reconstructed
A23/LH20 fraction, a large positive response was observed when this fraction was
assayed (Table 7). It is possible that this activity was suppressed in the previously
assayed A23/LH20 fraction.

The assays of the station 50 sediment trap A23/LH20 fractions with strain YG1024

Figure 43.
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Compa.nson of responses of station 50 sediment trap and Randle Reef

A23/LH20 lized for PAH conwent The dose

curves are for ized assay results with strain YG1025+S9.

Thc normalizion factors, defined as the averages of the ratios in PAH

[ ions of pyrene, i chrysene, b and

indeno[1,2,3-cd]pyrene between the Randle Reef sediment sample and the
station 53 sediment trap samples are as follows:

Station 50 top sediment trap sample - 134:1
Station 50 bottom sediment trap sample - 73:1
The bioassay results for the sediment rap A23/LH20 fractions were

teplied by these lization factors to result in the dose response
curves shown in the figure.
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Dose curves exhibited by station 53 sedi trap samples and

the Rand.lc Reef sediment sample fraction A23/LH20 when assayed with
strain YG1024 (TA98-like) without the addition of S9.
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Figure 45.  Dose responses exhibited by the station 53 top sediment wap extract N
fractions when assayed with strain YG1024 (TA98-like) with and without

the addition of S9. Doses are exp d in milligram equi of
extracted material. The mutagenicity values for these fractions are reported
in Table 7.
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Figure 47.  Dose responses exhibited by the station 53 bortom sediment trap extract
N fractions when assayed with strain YG1024 (TA98-like) with and
without the addition of S9. Doses are expressed in milligram equivalents
of exmracted material. The mutagenicity values for these fractions are
reported in Table 7.
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Figure 46.  Dose responses exhibited by the station 53 middle sediment trap extract N
fractions when assayed with strain YG1024 (TA98-like) with and without
the addition of S9. Doses are expressed in milligram equivalents of

d material. The icity values for these fractions are reported
in Table 7.
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also resulted in the detecton of signi biological activity. The responses of strain

YG1024 to the A23/LH20 exmracts resulted in linear dose response curves with steep
slopes which indicated the presence of frameshift type mutagens in both samples (Figure
48 and Table 8). The fraction A23/LH20 responses for the station 50 sediment trap

extracts were much greater than those obtained with the Randle Recf sample extract as

d by the large ic p ies listed for these fractions in Table 8. The dose
response curves for the ponding station 50 sedi trap N ions show that the
majority of the direct ic activity is ined in jons N2 and N3 (Figures 49

and 50). These data show a similarity with those obtained from the station 53, sediment
trap N fractions. The dose response curves for the Randle Reef sediment sample
A23/LH20 and N fractions when assayed with strain YG1024 (TA98-like) are shown in

Figure 51 and have been plotied on the same scale as the station 50 top sediment rap N

fraction dose curves for

The A23/LH20 fractions from the station 51 sediment trap extracts were assayed

with strzin YG1024 (Figure 52). The top and bottom extracts both exhibited positive

dose but the of these fractions (station 51 top - 101

P 3

rev/mg equivalent, station 51 bettom - 71 rev/mg) were far lower than those of the station
53 and station 50 samples (Tables 7 and 8). The station S1 sample site is at the western
end of the harbour in an area where contaminant levels in the sediments, and likely in the
suspended sediments, are lower. The location of the sampling site may be the dominant
reason for the observed lower mutagenic potencies of the station 51 sediment wap

extracts.
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Dose responses exhibited by the station 50 sediment traps A23/LH20
fractions when assayed with strain YG1024 (TA98-like) with and without
the addition of $9. Doses are expressed in milligram equivalents of
extracted material. The mutagenicity values for these fractions are reported
in Table 8.
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Dose responses exhibited by the station 50 top sediment trap extract N
fractions when assayed with strain YG1024 (TA98-like) with and without
the addition of S9. Doses are expressed in milligram equivalents of
extracted material. The mutagenicity values for these fractions are reported
in Table 8.
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Dose responses exhibited by the station 50 botiom sediment wap extract
N fractions when assayed with strain YG1024 (TA98-like) with and
without the addition of §9. Doses are expressed in milligram equivalents
of extracted material. The mutagenicity values for these fractions are
reported in Table 8.

FRACTION N3
o YG1024 DIRECT

FRACTION N2
YG1024 DIRECT

Figure 51.

REVERTANTS

3000

2000

1000

PR AT AT SR ST I NI S S WA S

oo
Q.
k=3

0.05 0.10 0.15 0.20 0.25
DOSE (mg equiv.)

106
Dose response curves exhibited by Randle Reef sediment sample extract
fractions when assayed with strain YG1024 without S9. These curves are
identical to those shown in Figure 34 but have been plotied with a Y axis
scale the same as that of the station 50 top sediment trap A23/LH20
fractions (Figure 46) to provide a comparison between the two sets of data.
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Dose response curves exhibited by the station 51 sediment trap A23/LH20
fractions when assayed with strain YG1024. The doses are expressed in
milligram equi of d material. The icity values were
71 rev/mg equivalent for the bottom sediment trap extract and 101 rev/mg
for the top sediment trap extract.
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Figure 53.  Dose response curves exhibited by fraction A45 of the station 53 top
sediment trap extract when assayed with strain YG1024 (TA98-like).
Doses were normalized to the amount of organic material originally
d (milligram equi M values for these assays are
reported in Table 7.
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The sediment trap extracts A45 fractions showed no significant positive responses
with or without S9 activation using strain YG1024 (Tables 7 and 8 and Figures 53 and
54).

L343 TA98-Like Strain Bioassay Data: Summary

In contrast to the results obtained with the TA100-like strain, the assays of the
sediment trap sample N fractions with strain YG1024 resulted in dramatically different
results as compared to the Randle Reef sediment sample. The assays of the N fractions
with strain YG1024 resulted in dramatically varying results for the different samples. The
Randle Reef sample displayed minimal activity in fractions N1 and N2 and showed no
significant activity in fraction N3. Extracts of the station 50 and station 53 sediment trap

p! play ically higher in all of the N3 fractions and some of

the N2 fractions (Tables 7 and 8). The compound(s) responsible for this activity did not

require boli ivation by S9 to ifest their resp These data indicated the
presence of compounds not present in the Randle Reef sediment sample. These results

are among the most significant presented in this thesis. The station 51 sample extracts

y low d to stations 50 and 53.

P P

After these results were obrained, a fresh sample of Randle Reef sediment was

extracted, cleaned up and fi d for i diate bi The assays of the
A23/LH20 and N1, N2 and N3 fractions of this extract failed to detect significant

amounts of direct-acting activity in the YG1024 strain. Mutagenicity values of 3112

110
Figure 54.  Dosc response curves exhibited by fraction A45 of the station 50 top and
bottom sediment trap extracts when assayed with strain YG1024 (TA98-
like). Doses were normalized to the amount of organic material originally
extracted (milligram equivalents). Mutagenicity values for these assays are
reported in Table 8.
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rev/mg equivalent and 1021174 rev/mg equivalent were obtained for fraction A23/LH20

directly and with S9 respectively. The ic potenices of the N1, N2 and N3

fractions are reported in Table 6. This experi 1 work was p d 1o confirm the

carlier results obtained from the bioassays of the Randle Reef sediment sample extract
and to discount the possibility of a reduction of mutagenic activity in the previously
assayed extract due to prolonged sample storage.

IL3.5 Sediment Trap Fraction N3 Mutachromatograms.

In conrast to the ic diff in ic profiles b the sedi

trap and Randle Reef sediment samples, there appeared to be 1o app diffe in
the chemical profiles of the samples. As discussed previously, the analysis of the

A23/LH20 and N fractions from the Randle Reef sediment and sediment trap extracts

d similar and

p pound classes to be present in all sample extracts.
In an attempt to determine the source of the observed direct mutagenic activity, the N3
fraction of the station S0 top sediment trap was further fractionated by RP-HPLC (using
the described gradient elution program) and one minute subfractions were coliected and
subjected to bioassay. This specific sample was chosen for further fractionation because
it displayed the greatest direct mutagenic activity of the sediment trap extracts, based on
the number of revertants per milligram equivalent of extracted material (Table 8).
Figure 55 is the station 50 fraction N3 mutachromatogram with the RP-HPLC

chromatogram (Figure 55A) and the net mutagenic responses displayed by the one minute
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subfractions when assayed with swain YG1024 (TA98-like smrain) without metabolic
activation (Figure 55B). The mutagenic activity displayed by the station 50 sediment
trap N3 fractior was contained in 2 one minute subfractions with elution times from
13 to 15 minutes. Further analysis of these subfractions (pooled to from a single

fraction) by GC-MS (Figure 56) revealed that few compounds were present.

B (7Hebenz{delanthracen-T-one) ined in both the RP-HPLC

and GC-MS but was not responsible for the observed mutagenic activity
although this compound has been found to be highly active in the paramecium caudatum
photodynamic assay (59). The inactivity of benzanthrone in the Salmonella assay was

confirmed by bi of an authentic b h dard. No resp was observed.

The other compounds observed in the GC-MS chromatogram have not been positvely

identified, and may or may not be responsible for the observed mutagenic activity. If the

active pounds are highly ic, they may be present at the picogram level
making them difficult to detect. Another possibility is that the mutagenic compounds may
not elute from the GC column and remain irreversibly adsorbed to the stationary phase.
Several fractions from the station 53 sediment traps were pooled to isolate more

sample to produce a mutachromatogram. The Station 53 middle sediment trap extract N2,

- middle sediment trap extract N3 and bottom sediment trap extract N3 fractions were

d fraction was

pooled to form a single extract. This D using RP-HPLC
and 30-second subfractions (note that one minute fractions had been collected for the

station 50 top sedi wap N3 ) were d and assayed using

strain YG1024 without metabolic activation. The resulting mutachromatogram is shown
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Figure 55.  Station 50 top sediment trap exwract fraction N3 mutachromatogram
produced ing 1 minute subfractions from RP-HPLC with strain
YG1024 (TA98-like) without S9. The mutagenic responses (B) are
expressed as net revertants per plate and are the averages of duplicate
measurements.  The RP-HPLC UV absorption chromatogram (A) was
plorted at 254 nm. Peak number 1 in the RP-HPLC chromatogram was
identified as benzanthrone
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Figure 56.  GC-MS total ion chromatogram resulting from the analysis of the pooled
active subfractions (13 minutes to 15 minutes elution time from RP-HPLC)
from the station 50 top sediment trap fraction N3 mutachromatogram. The
analysis was performed on 2 Hewlet-Packard 5890 GC with a Finnigan
quadrupole mass spectrometer equipped with an on-column injector as
described in the experimental section. The chromatogram has been plotted
on two different time scales 1o highlight the retention time range of interest.
Peak 1 was identified as benzanthrone.
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in Figure 57.

The mutagenic activity was eluted from the HPLC column in two 30- second
subfractions.  This similar result to the staton 50 top sediment wap N3
mutachromatogram shows that the activity exhibited by some of the sediment trap N2

fractions was due to material that was mostly collected in fraction N3. It can thus be

luded that the ic compound(s) eluted at an approximate elution tme of 35
minutes on the NP-HPLC column. The 30-second subfraction exhibiting the highest
activity was analysed using GC-MS (Figure 58). The GC-MS analysis again resulted in
the determination of benzanthrone in the sample. A group of compounds of molecular

weight 231 amu were observed in the total ion chromatograms of the most active

jons and identified as yib bazole isomers (Figure 59). Re-examination
of the GC-MS total ion of the from the station 50
top sedi: trap led that the meth bazoles were also

present in that sample (Figure 60). Analysis by GC-MS of the 30-second subfractions
collected before, during and after the elution of the mutagenic activity from the HPLC

d: Tute with the

column showed that these ic activity (Figures 61

P

and 62). F 1b bazoles are base-pair substitution type mutagens

(TA100-active) and require oxidative 0 form them into (60).

Upon re-examination of the GC-MS data from the analysis of the Randle Reef sediment

sample N2 and N3 jons, it is that the methylt bazole isomers were

PP

also present in this sample (Figure 63). This is further evidence that these compounds

are not responsible for the observed ic activity in the trap fraction N3
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Figure 58.  GC-MS total ion chromatogram resulting from the analysis of the most
active 30 second subfraction from the station 53 sediment wap fraction N3
mutachromatogram. The analysis was performed using the Finnigan
quadrupole GC-MS instrument with on-column injection (as described in
the experimental section).

Peak Number Compound Idensification
1 phthalic acid ester
2 phthalic acid ester
3 MW 230 keto-PAC
7H-benzofc]fluoren-7-one
4 MW 230 keto-PAC
100,01 benzanthrone
5 MW 231 aza-PAC
2 methylbenzocarbazoles
) 4
wc 1
s
3
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Mumchr9mamgmm resulting from selected station 53 sediment trap N2 and
N3 fractions that were pooled to form a single fraction. Thirty second
subfractions were collected from RP-HPLC and assayed in duplicate with
strain YG1024 without metabolic activation. The mutagenic responses are
expressed in net revertants per plate and are the averages of duplicate
measurements. The RP-HPLC UV absorption chromatogram (a) was

plotted at 254 nm. Peak 1 in the RP-HPLC chromatogram was identified
as benzanthrone.
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Mass spectrum (A) of molecular weight 231 PAC (methylbenzocarbazoles)
determined in the total ion chromatogram of the most active subfraction
(12.5 minutes to 13 minutes) from the station 53 sediment trap fraction N3
mutachromatogram. All of the peaks of the MW 231 PAC were observed
to exhibit this mass spectrum. The library spectum of
methylbenzo[c]carbazole is shown in figure (B). The m/z 149 and m/z 167
ions in the library spectrum are likely a result of phthalate contamination
of the standard.
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GC-MS total ion chromatogram (B) and m/z ion chromatogram (A)
resulting from the analysis of the station 50 top sediment trap fraction N3
mutachromatogram pooled active subfraction (13 minutes to 15 minutes
elution time on RP-HPLC). Peak identifications are as follows.

Peak Number Compound Identification
1 benzanthrone
2 methylbenzocarbazoles (MW 231)
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Figure 61. GC-MS chromatograms resulting from the analysis of the 30 second
subfractions collected from the station 53 sediment trap fraction N3
h gram. These analyses illustrate the co-clution of the methyl
benzocarbazoles of molecular weight 231 with the observed mutagenic
activity. The figures show the total ion chromatograms at the bottom of
the figures and selected individual ion chromatograms at the top of the
figures.

(A) 115 minutes to 12 minutes subfraction; 3 net revertants.
The m/z 217 ion chromatogram shows the parent
benzocarbazole isomers. The m/z 231 jon chromatogram did
not show any significant ion abundances.

(B) 12 minutes to 12.5 minutes subfraction; 662 net revertants.

(C)  12.5 minutes to 13 minutes subfraction; 2780 net revertants.

(D) 13 minutes to 13.5 minutes subfraction; 1024 net revertants.

(E)  13.5 minutes to 14 minutes subfraction; 268 net revertants.
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Figure 63.
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GC-MS m/z 231 ion chromatogram resulting from the analysis of the
Randle Reef sediment sample extract fraction N3 (see Figure for the total
ion chromatogram). Peak number 1 is the M+1 ion of benzanthrone. The
large m/z 231 ion d are the bazole isomers.
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Figure 62. Plot of the mutagenic responses of subfractions from the station 53
sediment trap fraction N3 mutachromatogram (A) versus the relative ion

abundances of m/z 231 from the analyses of the same subfractions (B).
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Each individual ion ch »gram over a range of myz 100 to m/z
350 was reviewed but this procedure failed to identify any other compounds in the GC-
MS TIC chromatograms of subfractions from either N3 mutachromatogram.

The active subfractions from the station 53 fraction N3 mutachromatogram were
also analysed at the Canada Center for Inland Waters laboratories using a Hewlett-
Packard 5890 GC equipped with a Varian Saturn ion trap mass spectrometer. This
analysis failed to detect additional compounds that were likely to be responsible for the

observed mutagenic activity, i.c., compounds that are p dir ing fi hift

mutagens. . _

The elution time range for the mutagenic activity in the station 50 and station 53
sediment trap exmacts fraction N3 mutachromatograms was very close to that of 1.8-
dinitropyrene (1,8-DNP, 13.9 minute retention time on RP-HPLC, elutes in fraction N3

in NP-HPLC), a potent direct-acting frameshift This d was ined

in Dofasco steel foundry sample extracts by McCalla et al (29) who employed a

dology similar to that ibed in the 1 section of this thesis. Although

no evidence for the presence of 1,8-DNP was found in the GC-MS analyses of the active

from the N3 t it could not be discounted as a source of

mutagenic activity as its presence at sub-detection limit levels (sub-ng) could still resuit
in significant mutagenic activity. The pooled subfractions from the station 50 top

map N3 were assayed with strain DNP, (Figure 64). This

strain is totally devoid of genes that code for acetyltransferase enzymes, which results in

no response when 1,8-DNP is assayed. As seen in Figure 64, a strong positive response
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Figure 64.  Dose response curves exhibited by the pooled subfractions from the station
50 top sediment trap fraction N3 mutachromatogram when assayed with
strain YG1024 and strain DNPg without S9.
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acetonimile. This elution time is quite close to that of benzanthrone, which was

determined in the analyses of the active subfractions from the mutachromatograms.

IL3.6 CCIW Air Sample

A rotal of approximately respi air particulate samples collected at the Canada

Center for Inland Waters over a period from September 1991 to April of 1993 were

pooled to form a single sample. This sample was extracted using a Soxhlet apparatus and

bjected to the clean-up and fractionation procedure. The bi of the A23/LH20
and A45 fractions with strain YG1024 (TA98-like) resulted in the detection of significant
biological activity in both of these fractions (Figure 65). The determination of mutagenic
activity in fraction A45 was in contrast to results from the analyses of the Randle Reef
sediment sample and the sediment trap samples, but is in agreement with other studies

that have luded that polar compounds are responsible for up to half of the biological

activity in air particulate material (20).

The A23/LH20 fraction was i d and the ling N ions were

assayed with strain YG1024. Significant mutagenic activity was observed in fractions N2,
N3, N456 and N7 (Figure 66). The mutagenicity values for these fractions are shown in
Table 9. The fraction N2 activity was due to the presence of niwo-PAH, particularly 2-
nitrofluoranthene which has been quantified in extracts of Hamilton air particulare {61).

The majority of the activity in fraction N456 may also be the result of the presence a

single pound, 2-nitrodib (61). The analytical chemistry and bi
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is still exhibited by the subfraction when assayed with DNP,. The bioassay approach was
used in this case because of the rapidity and selectivity of the technique and the lowest
detectable quantity of 1,8-DNP (sub-nanogram) in the assay was much lower than that
of the detection limits for this compound using GC-MS. The positive responses observed
in the sediment ap N3 fractions when assayed with strain YG1024 with S9 added (Table
7 and Table 8) is further evidence that 1,8-DNP is not present as S9 significantly reduces

response from 1,8-DNP.

IL35.1 'y of Sedi Trap N3 M am Data

A complete summary of the analytical data from the analysis of the station 50 top
and station 53 sediment traps fraction N3 mutachromatograms is given in Appendix 2.
Although no compounds were identified that were likely to be responsible for the

observed ic activity, i ion about the compound(s) in question was obtained

The compound(s) eluted from the normal phase PAC semi-preparative HPLC column at
approximately 30 minutes. An elution time of 30 minutes is the boundary between the
collection of fractions N2 and N3. This accounts for some of the N2 fractions of the
sediment trap samples exhibiting high mutagenic activity. The compound(s) is active in
the YG1024 (TA98-like) and DNP; strains, both with and without metabolic activation.
This excludes 1,8-DNP as a possible candidate. The compound(s) co-eluted with
methylbenzocarbazole isomers in the 13 minute to 15 minute retention time range in RP-

HPLC. This corresponds to a mobile phase composition of approximately 70-71%
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Figure 65.  Dose response curves exhibited by fractions A23/LH20 and A45 of the
CCIW air particulate extract when assayed with strain YG1024 (TA98-
like).
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Figure 66.  Dose resp curves exhibited by N ions of the CCIW air particulate
extract when assayed with strain YG1024 (TA98-like).
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data from the corresponding fractions from the Randle Reef and sediment trap extracts

q

failed to provide any evid for the p of these p

Comparison of mutachromatogram data from 1988 Hamilton air extracts fraction
N3 and the sediment traps fraction N3 reveals dramatic similarities in the profiles (Figure
67). These mutachromatograms all show the mutagenic activity to be contained in a
narrowly defined clution time ranging from 13 minutes to 15 minutes on RP-HPLC. This
offers the possibility of a common mutagenic compound being present in both sample

matrices.

IL3.7 Polycyclic Aromatic Hydrocarbon Content and Genotoxicity of Extracts of

Zebra Mussels Sampled from Hamilton Harbour

This chapter describes a study of PAH contamination and genotoxicity of extracts
of tissues of Zebra mussels sampled from Hamilton Harbour. This ancillary data presents
a unique perspective of the effects of chemical contamination in the harbour on living

bers of the An introduction to mussels as biological indicators is

presented as well as a briefing on one of Hamilton Harbours newest inhabitants, Dreissina

Polymorpha (Zebra mussel). An adaptation of the ion procedure for the Zebra
mussels is described and the results of the PAH inations and the bi ys are
discussed.

132
Table 9. Mutagenic activity of organic extract fractions of air particulate material sampled
from the Canda Center for Inland Waters site. The extracts were assayed with strain YG1024.
The values are expressed in revertants per cubic meter of air.
Fraction Direct +59
A23/LH20 116 +035 866+ 091
A4S 4382013 6.83+0.74
N1 NR NR
N2 249+012 1.71+0.23
N3 2224021 035+0.05
N4s6 4371032 177+0.17
N7 1174009 2214011
/
B 134
igure 67. of N ions of Hamilton air extracs.

Subfxact'ions collected from RP-HPLC were assayed with strain YG1024
(TA98-like). The samples were collected by Bryant er af in 1988 (20).
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IL3.7.1 Mussels as Indicators of Pollution in Aquatic Environments

The use of mussels as bioindi of pollution in aquatic envi has been

described previously (62-64). Both freshwater and marine mussels have been shown to

display multi biotic resi and to 1 polar organic i in
their tissues (65,66). This ability to bi late organic can result in
tissue ions of these i that exceed those found in the surrounding

waters and sediments. Mussels feed by filtering large volumes of water and their

sedentary nature results in the sampling of the contaminants in 2 specific arca. Mussels

can also provide time-i d data of i levels in particle or water fluxes
over long periods of time. Water sampling by either grab sampling or centrifugation

permits the jon of i jons in that sample matrix at that specific

ling of ded sedi

dme. The

using apparati such as sediment traps
requires sampling times which may vary from weeks to a year and the infrastructure
requirements can be prohibitive. In contrast, the analysis of contaminant levels in mussel
tissue can provide time-integrated samples for the bioconcentration of xenobiotics by

living organism in the environment.

IL372 Zebra Mussels in the Great Lakes and Hamilton Harbour

In recent years the Great Lakes have been invaded by the exotic freshwater mussel

Dreissina_polymorpha (Zebra mussel) which is native 1o Europe. Since its initial
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seconds each. The sample was then centrifuged at 4000 rpm and the methylene chloride

was decanted and reduced in volume by rotary evaporation under reduced pressure. The

extracts were then subjected to the

T phadex LH20 cl p proced

The homogenate of the Zebra mussels sampled from station 7 was extracted a
second time using ultrasonication. The solvent extracts from the ultrasonic extraction
procedures were combined, reduced in volume, and subjected to the alumina clean-up
procedure.

The A23/LH20 fractions of the mussel extracts were assayed using the two O
acetylmansferase Salmonella typhimurium bacterial strains; strain YG1024 (BA98-like)
and strain YG1029 (TA100-like) using the same procedure that was employed for the

sediment and sediment trap sample extracts.

IL3.74 Sampling Sites

Seven Zebra musscl sampling sites were chosen in Hamilton Harbour. Mussels
were sampled in late November from the following locations (Figure 68): Station 1.
Floating tire booms at 2 marina on the north shore of the harbour. Stations 2, 3, 4 and
§. Navigational buoys at selected sites in the Windermere arm of the harbour. Station
6. A buoy in an area east of Randle Reef close to the site where the Randle Reef
sediment was sampled. Station 7. A bio-box at the East Side Filtration Plant at the Stelco
Co. steel plant Hilton Works on the south shore of the harbour. The Zebra mussels at

this site had been continuously exposed to recirculated bay water from the harbour.
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detection in 1990, this mussel has become firmly established in Hamilton Harbour. The

mussel’s high spawning rate, great mobility, and high population densiti (67-69) have

resulted in an immediate impact on the Harbour and its ecosystem. Research is currently
underway to develop methods for the control of the Zebra mussel and to project its future
distribution in North American waterways (67,70,71). In some areas, the Zebra mussel
population has isen to a level where it has become a major food source for fish and
wildlife; this new food source has resulted in the disruption of bird migration cycles and

exposure of fish and wildlife to the contaminants accumulated in mussel tissue.

11373 Methodology

The Zebra mussels (250 g) were p d i diately after collect The
mussels were drained of excess water and then homogenized in a Waring blender. The
homogenate was centrifuged at 10,000 rpm for 15 min and the supernatant decanted and
discarded.

The extraction procedure was modified to include the use of a tissue homogenizer.

This protocol was based on a National O hic and A heric A

p P

dard procedure for the ion of toxic organic compounds from marine mussels
(72). Aliquots of homogenate (125 g) were suspended in centrifuge bottles by the
addition of 50 mL of HPLC grade methylene chloride and were extracted using 2 Janke

and Kunkel U T50 dssue t izer with an SSO head (Terochem Inc.,

Toronto, Ontario). The homogenizer was operated for several cycles at 100 rpm for 45
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- Figure 68.  Map of Hamilton Harbour showing the sites at which Zebra mussels were

sampled.




139

The homogenate from the mussels sampled at station 7 was further extracted

quentially with chloride and methanol using ication in an attempt to
remove additional PAH. This secondary extraction procedure yielded on average an
additional 18% of PAH from the mussel homogenate. These results indicated that

extraction using the tissue h izer alone is ad for preparing extracts for

preliminary determinations of PAH in mussel tissues and for bioassays. The mussels

sampled at the other sites were d with hloride using the tissue

homogenizer alone.

IL3.7.5 Determination of Polycyclic Aromatic Hydrocarbons
Figure 69 is a GC-MS selected ion itoring (SIM) chrc from the
lysis of the PAH- ining fraction (fraction A23/LH20) from the Zebra mussels

sampled at station 4. The chromatogram is relatively free from interfering compounds
which simplifies the accurate quantitation of the PAH. Table 10 shows the homocyclic
PAH determined in the mussel extracts from each site, and the individual concentrations

expressed in ng per gram (ppb) of wet mussel homogenate. The total PAH

P d as the ion of the individual PAH jons, ranged
from 0.34 pg/g for the mussels sampled at station 1 to 10.0 pg/g for the mussels sampled
at station 6.

The profiles of the GC-MS chromatograms were very similar to those of the

extracts of material collected in sedi: traps in Hamilton Harbour. The sediment traps
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Tablc 10. C G [ ic PAH ined in extracts of Zebra mussels sampled from
Hamilton Harbour. C: pressed in ng/g of mussel Quantitation was
achicved using an internal standard in conjunction with the described clean-up and analysis
procedure.

Sution1 Staion2 Sttion3 Sution4 Staion$S Sution6 Sttion7
1. Phenanthrene 81 22 66 T4 5 472 30
2. Anthracene 1 6 19 165 3 15 16
3. Fluoranthene 49 143 237 1318 65 1399 109
4. Pyrene 44 136 237 1002 74 1312 144
5. Benzo{a]anthracene 32 ” 160 436 50 747 88
6. Chrysenc 48 93 1”72 501 56 53 132
7. Bazofluoranthenes (UNR) 38 170 404 n7m% 134 1957 162
8. Benzo[clpyrence. 14 k3 169 467 52 686 7%
9. Benzo{a]pyrenc 27 82 27 701 64 1076 54
10. Indeno[1.23cd]pyrene. 4 35 181 613 37 802 7
11. Benzo[ghi]perylenc. 3 32 131 466 3 720 8
TOTAL (ng/g} 342 870 2003 7671 sn 10039 825

UNR denotes peaks unresolved by GC-MS

140

- Figure 69.  GC-MSD selected ion monitoring chromatogram of fraction A23/LH20 of
the extract of the Zebra mussels sampled from site 4. The sample was
processed using the described sample preparation scheme. The peaks are
numbered to correspond to those PAH compounds listed in Table 10. The
+ identifies the internal dard peak of 9,10-di:
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provide 2 parallel to the flter feeding mechanism by which Zebra mussels are exposed

o PAH ination. The ion of PAH: inated benthic sedi and

industrial discharges result in total PAH jons in ded sedi in some

P

areas of the harbour that are comparable to those of the bottom sediments. Mayer and

Nagy (73) have determined total PAH c« jons in ded sedi as high as

106 pg/g at a site near station 3 and we have quantified total PAH ions of 90

ig/g in this same area. High concentrations of PAH have also been determined in the
harbour water (74).
The GC-MS chromatograms of the extracts of mussels from all sites were similar

in profile. This similarity in profile is illustrated in Figure 70 which shows the relative

of the individual PAH ized to the ion of b Y
in each sample. The highest PAH levels determined in the extracts were found in mussels

sampled from station 6 (near Randle Reef).
113.7.6 Genotoxicity of Mussel Extracts

Mussel extracts from stations 2,3,4,5 and 6 were subjected to bioassay with

Salmonella strain YG1024 (TA98-like) and strain YG1029 (TA100-like), both with and

without the addition of boli ivation in the form of a rat liver supernatant (S9).

A range of seven concentrations of each A23/LH20 fraction was assayed in duplicate.
All of the extracts assayed exhibited positive responses in both strains iz the presence of

S9 (Figure 71). No response was detected at the highest doses in the absence of S9.
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Figure 70.  Graph showing the relative concentrations of PAH in extracts of mussels
sampled from each site. The concentrations of the individual PAH were
normalized to the ion of b [elpy (given the value of 1)

in each of the extracts.

~ (X}

Ratio [PAH] to Be]P
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The mutagenic potencies of the extracts are expressed in revertants per gram of

wet mussels and were obtained from the linear regression of the linear portions of the

dose response curves (Table 11). The requirement for oxidative metabolism to manifest

a positive response and the non-linear nature of the dose response curves at the higher
doses is reminiscent of the Randle Reef sediment sample extract.

The mussel extract from station 2 showed significantly higher activity in strain

YG1024 (TA98-like) with S9 than did the extracts from other sites but exhibited

relatively low levels of PAH contamination. These results suggest the presence of a

mutagenic compound(s) not present in the extracts of mussels sampled at the qther sites

or the pi of a comp ) at higher ions than in mussels sampled from
the other sites. There appears to be no lation b the b the magnitud

of the observed £ P and the PAH jons in extracts of Zebra
mussels sampled from any of the sites. The p of i pounds other than

PAH in these complex extracts may account for this poor correlation.
1L3.7.7 Summary

The tissue homogenizer extraction coupled with the alumina/Sephadex LH20
clean-up methodology afforded extracts of Zebra mussels that were free of interfering
compounds and allowed for the accurate quantitation of PAH. All of the mussel extracts
analyzed in the study contained significant levels of PAH contamination and all of the

extracts that were assayed d positive p with the addition of
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Figure 71.  Dose response curves cxhibited by the PAH-contzining fractions
(A23/LH20) of selected Zebra mussel exwacts when assayed with
Saimonella tvphimurium strains with the addition of 4% rat liver S9. The
doses are expressed in milligrams of mussels extracted.
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Table 11. Mutagenic potencics of A23/LH20 fractions of Zebra mussel extracts expressed in revertants
per gram of mussels exracted. ND denotes no activity detected at the highest dose. The values were
detcrmined from the slapes of the linear portions of the dose response curves.

Station YG1024 YG1029
(TA98-llke) (TA100-l1ke)
Direct +59 Direct +S9

Station2 ND 17924163 ND 259418
Station 3 ND 202522 ND 727
Sutiond ND 179430 ND 46418
Staticn 5 ND 170418 ND 16535
Station 6 12412 421445 ND 330167
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oxidative metabolism. These results show that Zebra mussels in Hamilton Harbour are

& i inants and could potentially be used as bioindicator

contamination.
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mutachromatogram. These subfractions each contained several compounds and the
observed positive responses likely represented the sum of their individual mutagenic

potencies. The surprising plexity of these ions made positive identification

of individual pound ponsible for the observed biological activity very difficult.

Fuwre work should employ methodologies that decrease the complexity of

hi . 1, h

d for An initial separation of
fraction A23/LH20 based on the molecular weight of PAH could serve this purpose.

Molecular weight classes of PAH that are biologically active would be identified and the

analysis of ions would be more facile as fewer compound

would be present. The of these ions should be g d using
a 5 micron packing size analytical column as opposed to the 10 micron dual column
procedure currently used. The resulting increase in separation efficiency should aid in
identifying individual mutagens in these types of samples.

The analyses of the sample extracts by chromatographic methods and the

genotoxicity data obtained using strain YG1025 (TA100-like strain) indicated that PAH

are a significant source of chemical and g i ination in Hamilton Harbour.

He the d ic diffi inthe ic profiles exhibited by the Randle Reef
sediment sample and the sediment trap samples shows that the resuspension and transport
of coal tar contaminated sediment is not the only major contribution to the genotoxic
burden on the harbour. The station S0 and station 53 sediment trap sample extracts
displayed high direct-acting mutagenic responses in some N2 fractions, and particularly

in the N3 fractions. The active compounds or compound classes present in these fractions

of

II. FUTURE WORK AND CONCLUSIONS

The clean-up and fractionation methodology described in the experimental section

was shown to be cffective in itativel ing the of 1

mixtures into compound classes. The method of ication for the ion of

organic material from sediments and from an urban dust standard reference material was
efficient, based upon comparison with extraction using the Soxhlet method and the
comparison of quantified PAH levels with the centified values. The statistical
comparisons of the experimental means and standard deviations of the individual PAH
peak areas in sediment extracts prepared using both extraction methods supported the

hypothesis that the two methods were equally efficient. Ultrasonic extraction was found

70 be facile, efficient, reproducible, fast and icable to a variety of sample matrices.

The chemical analysis of the Randle Reef sediment extract revealed that the

sample was inated by low to i di lar weight b yclic PAH. The

d the p of base-pair substitution type iing
metabolic transformation to mutagenic by-products to obtain a positive dose responsc.
These data show that PAH were the principal contributors to both the chemical and
biological profiles of the Randle Reef sediment.

The majority of the mutagenic activity displayed by the Randle Reef sediment

crude extract was contained in the PAH ining fractions i N1 and N2).

Higher molecular weight PAH of masses of 252, 276, 278 and 302 daltons were identified

by GC-MS in the most biolog lly active of the fraction NI
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are frameshift type mutagens that do not require oxidative metabolism to manifest their
genotoxic response.

The bulk of the direct-acting mutagenic activity observed in the sediment trap
sample extracts fraction N3 was confined to a very nammow elution time range in RP-

HPLC. However, detailed chemical anal of these i ions failed to

identify compound or compound classes that would likely have been responsible for the
observed activity. Potent mutagens need only be present at the sub-nanogram level to

result in high mutagenic responses of sample extracts. These levels of contamination are

difficult to determine in ) i icularly when employing mass

P %

spectrometric detection in full scan mode.

Figure 68 shows a map of Hamilton Harbour that presents a brief overview of the

1 and g istics of the sample exwact from each site sampled in

the harbour. The histogrars show the relative total PAH content, direct-acting mutagenic
activity observed in strain YG1024 (TA98-like), and the mutagenic activity observed in
strain YG1025 (TA100-like) with the addition of metabolic activiation (§9). The
histogram bars were normadized to the highest level observed in any sample exwract ¢.g.

the total PAH content (sum of seven individual PAH ions) ined in the

Randle Reef sediment sample extract (308 pg/g) was given the value of 100 and the PAH
concentrations at the other sample sites were normalized to this value. These histograms

emphasize the high PAH levels and the ding high ic resp in strain

YG1025 with S9 exhibited by the Randle Reef sediment extract; these data are in contrast

to the station 50 and station 53 sediment trap exwracts which exhibited much lower PAH
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Figure 72.  Map of Hamilton Harbour with histograms illustrating PAH levels and
mutagenic activities exhibited by samples from each site. The numbers on
the map correspond to those identified in the iegend from Figure 1. The
bars on the histograms represent:

PAH The level of PAH contamination, defined as the sum of the concentrations
of pyrene, b h chrysene, benzo[a]pyrene,
indenof{1,2,3-cd]pyrene and benzo[ghilperylene. The levels at all sites were.
normalized 1o that of the Randle Reef sediment sample (308 ug/g). The
PAH levels in the station 51 sediment Tap extracts were estimated from
RP-HPLC analysis (data not shown). The PAH levels in the CCIW air
extract were calculated from GC-MS analysis of fraction A23/LH20

Direct The direct-acting mutagenic activity in fraction A23/LH20 in strain
YG1024 (TA98-like) was normalized to the station 50 sediment aps
(average of 9888 rev/mg equivalent for the top and botiom traps). The
CCIW air extract is shown at 70 times less than its true value. The station
53 sediment trap values are the summation of the activities observed in the
N fractions as the minimal activity observed in fraction A23/LH20 did not
reflect the total activity in the exmract.

+59 The mutagenic activity in fraction A23/LH20 in strain YG1025 with S9
(TA100-like) was normalized to the Randle Reef sediment sample (6500
rev/mg equivalent).
The values for the sediment trap extracts were averaged over the number
traps at the site i.e. 3 depths for station 53 and 2 depths for the station SO
and station S1 sites. Also shown are the mutachromatograms from the

most active fractions of the station 50 and station 53 sediment traps and
the Randle Reef sediment sample.
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and YG1025 with S9 response levels but much higher direct-acting responses in the
YG1024 strain (TA98-like). The station 50 sediment trap and station 910 sediment

samples from the westera end of the harbour are characterized by low PAH levels and

low mutagenic activities. The CCIW air part extract exhibited dir
mutagenic activity in strain YG1024 that was approximately 70 times higher than that
observed in the station 50 sediment traps when expressed in revertants per milligram
equivalent of extracted material instead of revertants per cubic meter of air. A
comparison of the fraction N3 mutachromatograms of the station 50 and staton 53
sediment traps and an air particulate material suggests the prescence of a mutagenic
compound common to all of these samples.

The material collected in the sediment traps must also conmibute to the
composition of the surfacial sediments in Hamilton Harbour. Future experimental work
should focus on the extraction and fractionation of large weights of surfacial sediments
sampled from sediment trap sites within the harbour. This might be a more cost and

time-effective approach than to pursue instrumental methods that have lower theoretical

detection limits. Large scale i ion (e.g. halia centri jon) could also

result in the sampling of large weights of suspended solids from the water column. These
approaches could result in the isclation of significant quantities of the unknown

comp ponsible for the ic activity observed in the sediment trap extracts

fraction N3. This would make the identification of these compounds by HPLC or GC-MS

more facile and allow the use of definitive identification techniques such as nuclear

gnet P py and/or high resolution mass spectrometry.
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The sediment trap extracts fraction N3 showed a d o

similarity to fraction N3 mutachromatograms of extracts of air particulate material
prepared by Bryant ef a! (20). The potential presence of a contaminant that is common
to both the air particulate material and the material isolated from the sediment traps
should be explored. The infrastructure requircments for the sampling of air particulate
are considerably less prohibitive than those required for the sampling of suspended
material in the water column using sediment traps. Similar to the approach that would
be used for surfacial sediments, a large composite sample of air filters could be extracted,

cleaned up and fracti d ltng in the p al isolation of a large weight of

material from the fraction N3 mutachromatogram. An identification of this component(s)
would not only result in the determination of a potent environmental mutagen, but also

blish a ial link & -4 i ination in Hamilton Harbour and the

deposition of air particulate material.
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IV. MATERIALS AND METHODS

IV.l Samples

Standard Reference Material 1649, urban dust/organics, was obtained from the

1 Institute of dards and Technology (NIST, hi DC). The sedi

and sediment trap samples used in the study were kindly provided by Drs. Mike Fox,
Murray Charlton, Tom Murphy, and Mr. Wynn Booth of the National Water Research
Institute, Canada Center for Inland Waters, Burlington, Ontario.

IV2 Gases

High purity helium, nitrogen, argon, air, and hydrogen were obtained from

Canadian Liquid Air Ltd. (Toronto, Ontario).

IV3  Solvents

Solvents used in the study were HPLC grade or were distilled in glass in the

b Y. hyl hloride and jtrile (HPLC grade) were obtained from Fisher
Scientific (Fairlawn, New Jersey). Hexane (HPLC grade) was obtained from BDH Inc.

(Toronto, Ontario). Benzene, chloroform and ethanol (reagent grade, Caledon
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IV5S Extraction Methods

IV.S.1 Soxhlet Extraction

Soxhlet thimbles were pre-rinsed in methylene chloride. Air filters were cut into
1 cm? squares and placed in 2 Soxhlet thimble. The dried sample was extracted with 2
Soxhlet apparatus using 350 mL of methylene chloride for 24 hrs, followed by extraction
with 350 mL of methanol for 24 hrs. Cycle times were approximately 12 minutes for
methylene chloride and 20 minutes for methanol. The resulting solvent extracts were
pooled and reduced in volume by rotary evaporation. The extract was then made up t©

50.00 mL volumetrically with methylene chloride and 2 1 mL aliqu.» removed

d thep of ble organic material. The aliquots were dispensed into
P ighed alumi boats, evap d to dryness under nitrogen or argon, and then
diatel ighed. The procedure was rep d until weight was achieved

IV.5.2 Ultrasonic Extraction

The dried sample was suspended in 50 mL of methylene chloride in a glass

beaker. The probe tip was place approximately 1 cm from the bottom of the beaker 1o

Eight ive pulses, each of 15 seconds duration, were applied
at full power. One minute intervals were maintained between sonication cycles. The

beaker was immersed in an ice bath to prevent sofvent heating. The resulting suspension
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Laboratories, Georgetown, Ontario), acetone (reagent grade, J.T. Baker Inc., Phillipsburg,
New Jersey) and toluene (reagent grade, Fisher Scientific) were distilled in glass in the
laboratory before use. A Milli-Q purification syst=m (Waters Associates, Millford,

Massachusetts) was used to further purify distilled water.
IV4 Instrumentation
Reversed and normal phase HPLC were performed on a Hewlett-Packard Model

1090 liquid chromatograph with a built-in diode array detector, Chemstation data system

(Hewlett Packard Co., Mississauga, Ontario), and a Kratos Model FS950 fluorometric

detector (Kratos Inc., Westwood, New Jersey). Gas ct h; P Yy
(GC-MS) experiments were performed using the following instruments: 1. splitless
injection on a Hewlett-Packard Model 5890 Series II gas chromatograph equipped with
a Hewlett-Packard Model 5971A mass selective detector 2. On-column injection on a

Hewlent-Packard 5890 gas chromatograph interfaced with 2 Finnigan Mat Model 4023

quadrupole mass spectrometer with an Incos MSDS data system (Finnigan Corp., San

Jose, CA). Gas ct phy with flame ionization detection was d with a

ET P

Hewlett-Packard Model 5890 Series I gas h equipped with an on-col

injector. A Beckman Model 110A HPLC pump equipped with a Beckman Model 153

ption detector ( Fullerton, California) was used in

the Sephadex LH20 procedure.
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was filtered through a Whatman #1 filter paper using 2 Buchner funnel and a vacuum

aspirator. The filter paper ining the sedi was then d using 50 mL of
fresh methylene chloride. The procedure was repeated a third time with 50 mL of
methanol. The solvent extracts were then pooled to form a single extract. This extract
was reduced in volume by rotary evaporation, made up to 50.00 mL volumerrically and

a 1 mL aliquot d for the ination of the p

ge of organic
mﬂl’ e
IV6  Alumina/Sephadex LH20 Clean-up
The alumina ck p procedure is rep d in Figure 68. The organics were

adsorbed to alumina (3 g) by solvent evaporation under reduced pressure. The sample,
adsorbed to alumina, was then applied to the top of fresh alumina (6 g) contained in 2
glass column (1 cm X 30 cm with glass wool at the bottom). Organic components were
eluted using solvents of increasing polarity. Hexane (60 mL), added to the column to
elute aliphatics, afforded a fraction designated as fraction Al. The polycyclic aromatic
compounds (PAC) were eluzed by the sequential addition of benzene (50 mL, fraction A2)
and methylene chloride/ethanol (70 mL, 99:1 v/v, fraction A3), which were combined to
afford fraction A23. Polar PAC were eluted from the columa with methanol (50 mL,
fraction Ad) and methanol/water (50 mL, 3:1 v/v, fraction AS5), which were combined to

afford fraction A45. The solvents were allowed 10 pass through the column by gravity.

Fraction A23 was subjected to an additional ch hic step using Sephadex LH20
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Figure 73.  Schematic of the sample clean-up and fractionation scheme.

SEDIMENT SAMPLE
PARTICULATE ?)M AQUEQUS MATRIX

SONICATION IN DCM/MEQH

Al: Hexane
NEUTRAL ALUMINA A2 Benzene
A3: Dichloromethane
A4: Methanol
AS: Methanol-water (80:20)
Al A2 A3 A4 AS

A

Al A23 A4S

RN

‘SEPHADEX LH20
BIOASSAY
CHROMATOGRAPHIC ANALYSIS
ALIPHATICS=<Si—— A23/1LH20
BIOASSAY
CHROMATOGRAPHIC ANALYSIS
NORMAL PHASE
PREPARATIVE HPLC

N1 N2 N3 N4 N5 N6 N7

BICASSAY
‘CHROMATOGRAPHIC ANALYSIS
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Clifton, New Jersey) using the described gradient elution program. Eight fractions,
designated as N (normal phase) fractions (NO, NI,...up to N7) were collected. A 100
microliter sample loop and a mobile phase flow rate of 4.2 mL/min was used with the
following linear gradient elution program (elapsed time, composition of mobile phase):
initial, 100% hexane; 5 min, 100% hexane; 10 min, 99% hexane and 1% methylene
chloride; 15 min, 95% hexane and 5% methylene chloride; 40 min, 100% methylene
chioride; 50 min, 100% methylene chloride; 60 min, 100% ethanol; 65 min, 100%
ethanol.

The N fractions were collected during the following time intervals: NO, 0-7.5 min;
N1, 7.5-24 min; N2, 25-30 min; N3, 30-35 min; N4, 35-40 min; N5, 40-45 min; N6, 45-
50 min; N7, 50-65 min. The low to intermediate molecular weight PAH eluted between
7.5 min and 24 min (fraction N1). For some samples, the collection time for fraction N1
was extended until 25 minutes to allow all of the PAH, including the very high molecular
weight compounds (greater than 278 amu) to be collected in fraction N1. In some cases,
the N4, N5 and N6 fractions were pooled to form a single fraction designated as fraction

N456.

IV8 Analytical High Performance Liquid Chromatography, Gas

Chromatography, and Gas Chromatography-Mass Spectrometry

Reversed phase HPLC was performed using two 10 micron 25 cm X 4.6 mm id.

Vydac Reverse Phase analytical columns linked in series (Separations Group, Hesperia,
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gel. Fraction A23 was evaporated to dryness using rotary evaporation under reduced

pressure followed by a nitrogen blow-down step. The residue was reconstituted in 1 mL.
of the mobile phase (hexane/methanol/methylene chloride (6:4:3 v/v)) and injected onto
2 4 cm X 30 cm glass column packed with Sephadex LH20 gel (flow rate 3 mL/min) to
remove the remaining aliphatic material from the sample. Material eluting prior to
naphthalene was rejected as aliphatic material. This was confirmed by GC-MS analysis.
The Sephadex LH20 procedure afforded an aromatic PAC fraction designated as
A23/1LH20.

The weights of the alumina and volumes of solvent used in the open-column
chromatography clean-up of the Randle Reef sediment sample were twice those described

herein because of the extreme levels of contamination exhibited by this sample.

Iv.7 Normal Phase Semi-Preparative HPLC

Components of the aromatic A23/LH20 fraction were further separated into
compound classes using normal phase semi-preparative HPLC (Figure 68). The HPLC
operating conditions were as follows; dicdle array UV absorption at a wavelength range
from 211 nm to 400 nm; fluorescence excitation at 365 nm with emission cutoff filter of
418 nm; column temperature, 40 °C.

Normal phase HPLC was p&fon-ned using an amino precolumn (Brownlee Labs,
Santa Clara, California, 1.5 cm X 4.6 mm i.d.) and a 10 micron 25 cm X 9.4 mm i.d.

‘Whatman Partisil M9 PAC semi-preparative normal phase HPLC column (Whatman,
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CA). The HPLC operating conditions were as follows: diode array UV absorption at a
wavelength range from 211 nm to 400 nm; fluorescence excitation at 365 nm with

emission cutoff filter of 418 nm; column temp 40C. C

P

was based on ion tme ison with d and UV ion spectra (211

nm to 400 nm) comparison with library spectra. A mobile phase flow rate of 1.0 mL/min
was used with the following linear gradient elution program (elapsed time, composition
of mobile phase): initial, 60% acetonitrile and 40% water; 30 minutes, 100% acetonitrile;
60 minutes, 100% acetonitrile. The RP-HPLC analysis procedure was also used to collect
individual subfractions of selected N fractions for bioassay using Salmonella typhimurium.

Samples requiring GC-MS analysis were blown to dryness under nitrogen or argon

and reconstituted in toluene or acetone. The GC-MS operating conditions were as follows:

mass Sp transfer line temp 300°C; 1 pl injection volume; helium carrier
gas flow rate, 20 cmy/sec; injector temperare, 300 °C. The following temperature
program was used for GC-MS analysis of fraction A23/LH20: 50°C to 160°C at
20°C/min; 160°C to 290°C at 3°C/min; final time at 290°C, 10 min. The column was a
25 m X 0.25 mm i.d. DB-5 with 2 0.25 micron stationary phase film coating (J and W

Scientific, Folsom, CA). The following was used for GC-MS

P P

analysis of N1 subfractions: 80 °C to 200 °C at 20 C/min; 200 °C to 290 °Cat 3 °C/min;
final time at 290 °C, 5 min. The column was 2 12 m X 0.2 mm i.d. HP-1 with 2 0.33
micron stationary phase film coating (Hewlett Packard Co., Mississauga, Ontario).

Compound identification was based upon retention index comparisons 2nd mass spectral

library comparison. An internal dard method (9,10-di ylanth was used for
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The GC-FID operating conditions were as follows: detector temperature. 300 °C:
1 pl on-column injection: helium carrier gas flow rate. 25 cm/sec: injector temperature,
250 °C. The following temperature program was used: 100 °C to 150 °C at 10 °C/min:
150 °C to 290 °C at 3 °C/min: final time at 290 °C. 10 min. Analysis was performed
using 2 30 m X 0.25 mm i.d. DB-5 column with 2 0.25 micron stationary phase film
coating (J and W Scientific. Folsom, Caiifornia). Compound identification was based

upon retention time comparison with standards and was confirmed by GC-MS. An

internal dard method (2-methylanth or 9,10-dimethy ) was used for
quantitation. Relative weight responses were calculated for each of the analytes and the

linearity of detector response was confirmed over three orders of magnitude.

IV.11 Bioassays.

The protocol used for the bioassays was adapted from that of Maron and Ames
(75). Bacteria were grown in Oxoid Nutrient Broth #2 (15 mL) with ampicillin (50
pg/mL) and tetracycline (6.25 pg/mL) added in a shaker bath for 9 hrs at 37°C. Extracts
were dissolved in 50 pL DMSO and were assayed in duplicate, both with and without
metabolic activation (4% Aroclor 1254 induced rat liver $9)(75). During the test
procedure, 2 mL of molten top agar (40 °C) was added to the test mixture (in 50 uL
DMSO): 100 pL of the Saimonella bacteria was then added and the resulting solution was
vortex mixed and poured onto 2 petri dish containing a minimal glucose agar substrate.

To assay for indirect biological activity, a

pli of the test p was performed

response of twice the spontaneous reversion rate (background).
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procedure, 2 mL of molten top agar (40 °C) was added to the test mixture (in 50 pL.

DMSO); 100 pL of the Salmonella bacteria was then added and the resulting solution was
vortex mixed and poured onto 2 petri dish containing 2 minimal glucose agar substrate.
To assay for indirect biological activity, a replicate of the test procedure was performed
with the addition of 500 uL of the rat liver S9 solution. This procedure is represented
in Figure 69. The petri dishes were then placed in an incubator at 37 °C for 48 hours.
Revertant colonies were determined using a Biotran 11 colony counter (New Brunswick
Scientific). Positive controls routinely used in the study included 1,8-dinitropyrene Lc
Services, Woburn, MA), 2-aminofluorene (Sigma Corp., St. Louis, MO), benzo[a]pyrene
(Sigma), and sodium azide (BDH Inc, Toronto, Ontario, Canada).

A total of six Salmonella typhimurium bacterial strains were used in this study
(49-51). Strains YG1020 and YG1025 are TA98 and TA100 type strains respectively
which are auxotrophic for histidine and contain pKM101, but have been modified by the
addition of the plasmid pBR322. Strains YG1021 and YG1026 are TA98 and TA100

type strains respectively containing multiple copies of the plasmid pBR322 containing the

gene for the activating enzyme ni d Strains YG1024 and YG1029 arc TA98
and TA100 type strains respectively modified by the addition of pBR322 plasmid DNA
containing the gene for the activating enzyme O-acetyltransferase. Table 6 lists the
typical spontaneous reversion rates and positive control revertants for each of the
Salmonella strains used. Figure 70 shows the dose response curves obtained from assays

with selected Salmonella strains tested with standard mutagens. A positive response in

the assay is evidenced by a positive dose ionship that achi a mini

166

ure.

Figure 74.  Representation of the Ames Salmonella typhimurium assay
proced

Rat liver homogenate (S9)
source of P450

~d
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CHEMICAL TO TEST
BACTERIAL CULTURE
MELTED TOP AGAR
N E INCUBATE AT 37 DEGREES C 48H
L NO HISTDINE

PETRI DISH WITH BOTTOM AGAR



167

Figure 75.  Dose curves exhibited by dard when assayed with
Salmonella tvphimurium bacterial strains using the described procedure. 0
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1. Analyses of Hamilton Harbour sedi trap sample extracts.
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Reverse phase HPLC chromatograms of the A22/LH20 fractions of the station 53 top (A),
middle (B) and bottom (C) sediment trap extracts. These analyses show the similarities
in the chromatographic profiles of these extracts.
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GC-MS total jon current chromatograms of the A23/LH20 fractions of the station 53 top
(A) and bottom (B) sediment trap extracts. Peak identifications can be made by referring Appendix 2. Details of Hamilton Harbour sediment wrap

to Figure 26. fraction N3 mutachromatograms.
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