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CURRENT RESEARCH, FY 97/98

STUDY TITLE: Biodiversity in Aquatic Ecosystems and Impact of Municipal Effluents
STUDY LEADER: M. Allard

The review of the status and environmental impacts of municipal wastewater effluents on
Canadian waters was completed. A study was initiated on the status of the biological diversity of .
aquatic invertebrates, with a special emphasis on the Laurentian Great Lakes. Highlights of these
two activities are presented below:

(1) Review of the impact of municipal effluents on Canadian waters

Rivers, lakes and coastal waters have long been used as receptacles for diluting and dispersing
domestic waste. While there have been considerable efforts since the 1970s by developed nations
to improve sewage treatment, discharge of untreated or poorly treated sewage is still a concern in
many parts of the world. In the case of developing countries, >90% of urban sewage is discharged
directly into surface water without treatment. However, even in many developed countries, only
a portion of municipal sewage receives conventional treatment. For example, only 60% of the
total population of countries belonging to the Organisation for Economic Co-operation and
Development was served by domestic wastewater treatment in the late 1980s.

The impacts of untreated or poorly treated domestic wastewater discharge on receiving water are
numerous. Sewage also poses a direct human health risk from pathogens and indirect risk through
exposure to microbiologically-contaminated waters during recreational activities or through
consumption of contaminated shellfish. Potential environmental threats include excessive nutrient
loading which can lead to eutrophication and subsequent effects on productivity and biodiversity,
high loads of oxygen-demanding material which can reduce dissolved oxygen to levels that
threaten the survival of aquatic organisms; contaminants which can cause immediate toxic effects
on the biota and, in the case of persistent and bioaccumulative contaminants, can result in
cumulative impacts on the receiving environment.

Canada is often seen as a privileged country because of the abundance and quality of its water
resources. However, concerns raised by international agencies about sewage disposal world-wide

- -and by public groups-about the Canadian situation emphasized the need to evaluate the current
status of municipal wastewater discharges on the Canadian environment. In September 1995, the
Canadian Council of Ministers of the Environment (CCME) tasked an ad hoc working group reporting
to the Environmental Protection Committee with exploring options to ensure environmental and
human health protection from municipal wastewater effluents. In support of this initiative, a scientific
review was initiated on the current risks to human health and the environment from municipal
wastewater discharge in Canada. ’

Effective managerent of municipal wastewaters takes into consideration discharges not only from
treatment plants, but also from stormwater and combined sewer overflows (CSO). Discharges from
municipal wastewaters have caused some adverse impacts on lakes, rivers and coastal waters. The



environmental consequences of municipal wastewater discharges to the Canadian environment
are difficult to generalize, largely due to regional variations in level of sewage treatment plant and
in the nature of the receiving environment. The most publicly recognized impacts are shellfish
harvesting restrictions and beach closures resulting from microbial contamination. Contamination
of shellfish harvesting beds is widespread and pervasive on both the Atlantic and Pacific coast and
resulted in significant economic loss. Habitat degradation and contamination also occur and these,
in turn, have altered the abundance and diversity of aquatic organisms. Destruction of fish and
wildlife habitats caused by stormwater and CSO-discharges have been documented. Further
research is also required on the interactive and cumulative responses to long-term chemical
exposure, including the potential risk associated with endocrine disrupting substances, and to
habitat degradation. Finally, an integrated approach to wastewater management is needed that

. _addresses loadings from treatment plants, stormwater sewers, combined sewer overflows and
other wastewater sources.

(2) Biodiversity of aquatic invertebrates

The United Nations Convention on Biological Diversity (CBD) entered into force in 1993. The
CBD encourages its Parties, of which Canada is a member, to take action within the context of
three general goals enshrined in the convention, i.e, the conservation of biodiversity, the
sustainable use of biological resources and the fair and equitable sharing of benefits arising from
the use of genetic diversity. In response to the CBD, Canada has published its Canadian
Biodiversity Strategy in 1995.

Since 1993 The Conference of the Parties (COP) to the CBD has focused its attentlon on the

will be examining the status of bmdwersnty in inland waters (mamly fresh water)  Onthe global
scale, the biodiversity of freshwater ecosystems has received much less attention than other types
of ecosystem. Although freshwater biodiversity is among the most poorly known on earth, it has
been reported by many to be seriously threatened given the status of the world’s freshwater
ecosystems. Very few organisms, other than mammals or fish, are monitored or considered.
Much of what we now know is based on our, often incomplete, knowledge of fish species.
Biodiversity losses are presumed to be just as bad, if not worse, for aquatic invertebrates.
However, we know very little of the vast majority of them.

Our study was initiated in order to take a closer look at the current status and initiatives
concerning biodiversity in aquatic ecosystems at the international, North American and Canadian
levels. The report in preparation briefly discusses the current status of and threats to biodiversity
in aquatic ecosystems; .examines, within a biodiversity context, past and current work on aquatic.
invertebrates in the Great Lakes basin; outlines knowledge gaps, difficulties and opportunities;
discusses promising initiatives and actions to achieve progress on our CBD obligations, within the
context of the Canadian Biodiversity Strategy.




Articles/reports/conference presentations in FY 97/98

(1) Allard, M., Q. Rochfort, J. Marsalek, B.J. Dutka and J. Shaw. Exploratory study of
toxicity of urban stormwater. Presented at the 9" World Water Congress, Montréal, 1-6
September 1997.

(2) Chambers, P.A., M. Allard, S.L. Walker, J. Marsalek, J. Lawrence, M. Servos, J.
Busnarda, K.S. Munger, K. Adare, C. Jefferson, R.A: Kent and M.P. Wong. 1997. The

impacts of municipal wastewater effluents on Canadian waters: A review. Water Qual.
Res. J. Canada 32(4): 659-713.



CURRENT RESEARCH, FY 97/98

PRIORITY SUBSTANCES - PATHWAYS/FATE PROJECT
AQUATIC ECOSYSTEM PROTECTION BRANCH

The Project carries out research on fundamental mechanisms governing the persistence
and fate of toxic chemicals in aquatic environments. This knowledge is used by Environment
Canada to assess the hazards-posed by toxic chemicals released to the aquatic environment. The
focus is on the provision of appropriate scientific information to support decision-making for the
Toxic¢ Substances Management Policy (TSMP), the Canadian Environmental Protection Act
(CEPA), the Pest Control Products Act (PCPA), regional ecosystems programs and ecosystems
indicators. Following is a summary of study highlights for fiscal year 1997/1998.



CURRENT RESEARCH, FY 97/98

PROJECT: Priority Substances - Pathways/Fate
STUDY TITLE:  Fate of Pesticides and Industrial Chemicals in Water
STUDY LEADER: R.J. Maguire

Research was completed on the toxicity of sediment-bound tributyltin to benthic organisms (see
below). Research continues on the persistence of tributyltin in sediment cores, on the toxicity of
sulfonylurea herbicides to aquatic plants, and on the occurrence of certain priority chemicals in
industrial areas (nonylphenol and ethoxylates, chlorinated paraffins, trialkyl/aryl phosphates), in
collaboration with other study leaders. Major activities are summarized in other Project study
leaders’ Current Research contributions.

(1) Toxicity of tributyltin to benthic organisms

* The toxicity of tributyltin (TBT) in sediment in freshwater was determined for four benthic
invertebrates, (the oligochaete worm Tubifex tubifex, the chironomid Chironomus riparius, the
amphipod Hyalella azteca, and the mayfly Hexagenia). Although there was some degradation of
spiked TBT into dibutyltin (DBT) and monobutyltin (MBT) in the sediment-water mixtures
during the acclimation phase before toxicity testing, the contribution of these degradation
products to the observed toxicity was assumed to be minimal based on evidence that TBT is up to
orders of magnitude more toxic to many aquatic organisms than its degradation products. The
results of this work indicated that Hexageriia was the most sensitive benthic organism to TBT of
the four organisms tested, with an ICso value (growth) for TBT of 0.6 pg Sn/g dry weight. This
value is about six times greater than mean concentrations of TBT observed in sediment in fresh
water in surveys conducted across Canada before and after the regulation of antifouling uses of
TBT in 1989. However, maximum TBT concentrations in sediment in both periods exceeded the
ICso value (growth) for Hexdgenia, and were close to the lower limits of toxicity ranges for H.
azteca and T. tubifex (cocoons/adult and young/adult). Consequently, at the time of sample
collection there was potential for adverse effects of TBT in some sediments to fresh water benthic
organisms.

Articles/reports/conference presentations in FY-97/98

(1) Day, K.E., R.J. Maguire, D. Milani and S.P. Batchelor. 1998. Toxicity of tributyltin to
four species of freshwater benthic invertebrates using spiked sediment bioassays. Water
Qual. Res. J. Canada 33: 111-132.

(2) Thompson, J.A.J,, S. Douglas, Y K. Chau and R.J. Maguire. Recent studies of residual
tributyltin in coastal British Columbia sediments. Appl. Organometal. Chem., in press.
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occurrence of alkylphenol polyethoxylate surfactant metabolites in Canadian sewage
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Yang, F., Y. K. Chau and R.J. Maguire. Occurrence of butyltin compounds in beluga
whales (Delphinapterus leucas). Appl. Organometal. Chem., in press.

Liu, D., G.J. Pacepavicius, R.J. Maguire, Y.L. Lau, H. Okamura and 1. Aoyama.
Mercuric chloride - catalyzed hydrolysis of the new aritifouling compound Irgarol 1051.
Water Res., in press.

Lee, H.-B., J. Weng, T.E. Peart and R.J. Maguire. 1998. Occurrence of
alkylphenoxyacetlc acids in Canadian sewage treatment plant effluents. Water Qual. Res.
J. Can. 33: 19-29.

Lee, H.-B., T.E. Peart, S.P. Batchelor, J. Weng and R.J. Maguire: 1997. Liquid and gas
chromatographic determination of sulfonylurea herbicides metsulfuron methyl and
ethametsulfuron methyl in water and soil samples. NWRI Contribution 97-097.

Sullivan, C.A., D.T. Bennie and R.J. Maguire. 1997. Occurrence of aniline in
Canagagigue Creek, Ontario - 1995-1996. AEPB Technical Report TN97-004.

Onuska, F.I., K.A. Terry and R.J. Maguire. 1997. High resolution gas chromatography -
mass spectrometry of some benzidines in industrial waste water. NWRI Contribution 97-
202.

Allan, LM., D.K. Verma, F. Yang, Y K. Chau and R.J. Maguire. 1998. Evaluation of
extraction procedures for the analysis of butyltin compounds in air. NWRI Contribution
98-030.

(11) Maguire, R.J. An appreciation of Y K. Chau. Appl. Organometal. Chem., in press.
(12) Liu, D, G.J. Pacepavicius, R.J. Maguire, Y.L. Lau, H. Okamura and I. Aoyama. Review
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(14)

of cyclone fermentor test for assessing the biodegradability of toxic substances.

Presented at the 33rd Central Canadian Symposium on Water Pollution Research,

Burlington, Ontario, Feb. 9, 1998.

Maguire, R.J. Environmental assessment of organotin compounds in Canada. Presented

at the European Union “Speciation 21” Workshop on Environmental Issues - 1.

Assessing the Impact of Organotin Compounds in the Environment. Segovna, Spain, |
March 16-17, 1998.

Magulre, R.J.. Assessment of the tributyltin situation in Canada. Presented at the 215th
American Chemical Society National Meeting, Dallas, TX, U.S.A., March 29 - April 2,
1998, Division of Environmental Chemistry 38 (1), 124-126.



CURRENT RESEARCH, FY 97/98
PROJECT: Priority Substances - Pathways/Fate
STUDY TITLE: LC-GC-MS Identification of Toxic Substances

STUDY LEADER: D.T. Bennie

S —

Research continues in the following areas: the occurrence of nonylphenol and nonylphenol
polyethoxylates in natural waters, textile mill effluent.and municipal sewage treatment plant effluent;
and the biological effects of alkylphenol and PAH-contaminated water and sediments on caged
rainbow trout in Hamilton Harbour. Experimental aspects of studies dealing with the persistence of
nonylphenolic substances in biosolids-treated agricultural soil and the occurrence of short-chain
chlorinated paraffins in biological specimens, such as Hamilton Harbour carp, rainbow trout from Lake
Ontario and beluga from the St. Lawrence River, have been completed. The major activities of each
study are reported below:

(1) The occurrence of nonylphenol and nonylphenol polyethoxylates in natural waters, textile
mill effluent and municipal sewage treatment plant effluent

Research to determine the environmental occurrence and fate of nonylphenol and its polyethoxylates
continued with the collection and analysis of samples of various effluent streams of municipal sewage
treatment plants and textile mills. Three sewage treatment plants (STPs) were sampled on a monthly
basis, including a state-of-the-art tertiary plant that was also studied comprehensively for a two-week
period. The river into which the tertiary plant discharges was also surveyed during the same two-week
period. Results from three Atlantic Region textile mills, two of which discharge to municipal sewage
treatment plants, were also obtained.

During the two-week study a variety of alkylphenolic parameters were determined as well as the
conventional STP operational parameters. The alkylphenolic parameters were 4-nonylphenol (4-NP),
nonylphenol ethoxylate (NP1EO), nonylphenol diethoxylate (NP2EQO), nonylphenoxyacetic acid
(NP1EC), nonylphenoxyethoxyacetic acid (NP2EC), nonylphenol polyethoxylates (NPREO, where n =
3 to 17), 4-tert-octylphenol (4-7-OP), octylphenoxyacetic acid (OP1EC) and octylphenoxyethoxyacetic
acid (OP2EC). . The sum of these parameters is referred to as total alkylphenolics (T-AP).. Over the
studied period, the T-AP concentrations in the raw sewage ranged from 489 ug/L to 3,027 pg/L, and
the lowest values were measured after the weekend when the plant has no textile mill input. The raw
sewage was composed mainly of nonylphenol ethoxylate compounds (NP1EO, NP2EO & NPnEO)
(96.1% or 1380 pg/L) while alkylphenol carboxylate compounds made up 2.6% (38 ug/L) of the input
and 4-NP accounted for 1.2% (17 pg/L) of the alkylphenolics coming into the plant. Effluent
discharged into the river was composed of 4-NP at 3.6% (1.3 pg/L), total nonylphenol ethoxylates at
21.1% (7.8 ug/L), nonylphenoxyacetic acid at 20.3% (7.5 pg/L)and nonylphenoxyethoxyacetic acid at
54% (20 pg/L). Concentrations found in the digested sludge did not have the same alkylpheriolic
characteristics as other authors have suggested. Nonylphenol ethoxylate comprised 48.8% (562 pg/g)
of the T-AP in the sludge, while NPnEO accounted for 25.9% (298 ug/g), 4-NP accounted for 13%



(150 ng/g) and NP2EO accounted for 10.8% (124 pg/g). The levels of these estrogenic compounds in ’ '
the digested sludge may be cause for concern with respect to the disposal of the sludge.

Preliminary results for the river samples into which the above-mentioned facility discharges suggest that
4-NP results are elevated at the point of discharge (about 1.1 ug/L - comparable to the final effluent
values obtained in the 2 week study) and the effluent is completely mixed with the river water by 4 km
downstream and 4-NP values have decreased to background levels. Background levels of 4-NP in this
river are about 0.15 pg/L.

Textile mills are significant sources of alkylphenolic substances and nonylphenol polyethoxylates, in
particular. The tertiary sewage treatment mentioned previously was chosen for that study because it
receives significant inputs from three textile processing mills. ‘In-Atlantic Canada, three textile mills’
final effluent streams have been sampled and analyzed for 4-NP, NP1EO, NP2EO, NPnEO and 4-7-
OP. Two of these mills discharge into municipal STPs and their raw and final effluents were analyzed
as well. Final effluents from the textile mills were, predictably, heavily loaded with ethoxylated
nonylphenolics. Results ranged from 50 pg/L to 8600 ug/L in mill effluents for NPnEO, with the
lowest values coming from a plant that utilizes small batch processing. High values were associated
with plants that run continuously, 24 hours a day for the five-day work week. Concentrations of 4-NP
in final mill effluents ranged from 1.1 pg/L to 13.3 ug/L. Both STPs were primary treatment facilities
only, but 4-NP levels were diminished substantially, with results in the STP firial effluents ranging from
1.4 pg/L to 2.0 pg/L. Nonylphenol polyethoxylate concentrations in STP final effluents ranged from

14 ug/L to 400 pg/L.

(2) The biological effects of alkylphenol and PAH- contaminated water and sediments on caged
rainbow trout in Hamilton Harbour

In collaboration with scientists from the University of Guelph, the University of Waterloo and NWRI, a
study was undertaken to ascertain the biological effects of alkylphenol and PAH-contaminated water
and sediments on caged rainbow trout in Hamilton Harbour. Our role in this study was to determine
concentrations of 4-NP and the EPA priority PAHs in the surface water of the six sampling sites, the
sediment and the fish tissue. Values of 4-NP in the surface water ranged from 0.06 ug/L at the control
site in Lake Ontario to 1.0 ug/L at the Hamilton Harbour Windemere Basin site. Fish tissue
concentrations ranged from not detectable (< 0.010 pg/g) in specimens caged at the control site to 0.07
ng/g in fish caged at another Windemere Basin site near a large steel plant on Hamilton Harbour.
Analyses for PAHs are still in progress and will be reported at a later date. '

(3) Persistence of nonylphenolic substances in biosolids-treated agricultural soil

A small study was conducted to determine the persistence of alkylphenol polyethoxylate surfactants
and their metabolites in wastewater biosolids (digested sludge) that are used as an additive to
agricultural land. Dewatered digested sludge from a tertiary STP was applied to the soil of four
experimental plots at the University of Guelph, Elora Research Station. Sludge was applied at a rate of
0, 8 (the legal application rate in Ontario), 20 and 40 tonnes per hectare (t/ha) of dry soil and tilled into
the soil. Sludge-amended soil samples were collected at 0, 1, 3, 6, 10, 15, 24, 41, 62, 90 and 121 days
after application. The dewatered digested sludge was also characterized before application.

10



Concentrations of NPnEO, NP2EO and NP1EO in the dewatered sludge were about 350 mg/kg, 10
mg/kg and not detectable, respectively. Concentrations of these substances in the untreated and treated
soil samples were consistently below the minimum detection limits throughout the study period. The
dewatered digested sludge contained about 12 mg/kg of alkylphenol carboxylic acid metabolites.

When diluted by application to the agricultural soil, these substances were detected throughout the
experimental period but the results were below the quantifiable detection limits of 0.5 mg/kg for
NPI1EC and NP2EC and 0.05 mg/kg for OP1EC and OP2EC.

The concentration of 4-NP and 4-#-OP in the digested sludge were found to be about 450000 pg/kg
and 15000 ug/kg, respectively. Inthe 8 t/ha treated soil plot, the concentrations of these substances

- remained-approximately constant for the first 15 days and decreased gradually over the study period to
below the minimum detection limits by about day 90. The plots with higher application rates had
detectable levels of 4-NP and detectable but not quantifiable levels of 4-z-OP-throughout the whole
period.

(4) The occurrence of short-chain chlorinated paraffins or polychlorinated alkanes (PCAs) in
biological specimens, such as Hamilton Harbour carp, rainbow trout from Lake Ontario,
and beluga from the St. Lawrence River

Beluga fat and liver tissue, received from Dr. R. Bailey (Maurice Lamontagne Institute, Fisheries and
Oceans Canada) were analyzed by low resolution negative chemical ionization gas chromatography-
mass spectrometry (NCI GC-MS). Concentrations of PCAs in beluga liver tissue ranged frorm 0.24 to
5.7 mg/kg wet weight. However, concentrations in beluga fat from the same animals were
substantially higher with values ranging from 1.4 to 200 mg/kg wet weight. Fat collected at different
depths on the beluga carcasses did not show any appreciable differences in PCA concentration.

Rainbow trout collected in western Lake Ontario by staff from the Great Lakes Laboratory for
Fisheries and Aquatic Sciences (Fisheries and Oceans Canada) had PCA concentrations ranging from
0.45 to 3.2 mg/kg wet weight while carp collected in Hamilton Harbour had concentrations ranging
from 0.03 to 0.38 mg/kg wet weight. Trout and carp samples were homogenized whole fish tissue
samples.

Numerous sediment samples from Hamilton Harbour, Toronto Harbour, Montréal Harbour, the mouth
of the Credit River and the mouth of the Humber River were screened by GC-ECD for PCAs and the
results were negative.

Resuilts of these analyses will be compared to results obtained by high resolution NCI GC-MS analysis
in collaboration with Dr. Derek Muir (NWRI) and Dr. Gregg Tomy (Fisheries and Oceans Canada).

Articles/reports/conference presentations in FY 97/98

(1) Bennie, D.T., C.A. Sullivan, H.-B. Lee, R.J. Maguire. 1998. Alkylphenol
polyethoxylate metabolites in Canadian sewage treatment plant waste streams. Water
Qual. Res. J. Canada 33(2):231-252.
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(2) Sullivan, C.A., D.T. Bennie and R.J. Maguire. 1997. Occu_rr'ence of aniline in
Canagagigue Creek, Ontario - 1995-1996. NWRI Technical Report AEPB-TN-97-004

(3) Bennie, D.T., C.A. Sullivan, H.-B. Lee, R.J. Maguire. Alkylphenol polyethoxylate
metabolites in Canadian sewage treatment plant waste streams. Presented at the 19*
Annual Meeting of the Society of Environmental Toxicology and Chemistry, San

Francisco, CA, USA, November 16-20, 1997.
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CURRENT RESEARCH, FY 97/98

PROJECT: Priority Substances - Pathways/Fate
STUDY TITLE: Priority Polycyclic Aromatic Compounds in Energy Production and Use
STUDY LEADER: B.G. Brownlee

Research was carried out on polycyclic aromatic compounds (PACs) in oil sands fine tailings and in urban
runoff. PACs are of concern because they belong to a group of compounds which contains many
‘mutagenic or carcinogenic compounds. Part of this PAC research has been to continually expand the
range of compounds analyzed in water and solids. This also addresses a high priority research
recommendation of the CEPA PSL1 assessment of polycyclic aromatic hydrocarbons (PAHs).
Collaborative research on the analysis and identification of taste and odour compounds was continued
with J. Ridal of the St. Lawrence River Institute of Environmental Sciences and S. Watson and E.
McCauley of the University of Calgary. Research activities in these areas are summarized below.

(1) Polycyclic aromatic compounds in oil sands fine tailings

Extraction of bitumen from oil sands by the Clark hot water process generates large quantities of fine
tailings which consist of fine sand, silt, clay, water, and unrecovered bitumien. One of the groups of
compounds present in the fine tailings and of concern for site reclamation are the PACs. Fine tailings
were separated by high speed centrifugation (ca. 30,000 x g) into the solids containing “bound” PACs,
and into free water (porewater) containing “dissolved” PACs. A multi-step procedure was worked out to
give a complete separation of the acid and base/neutral fractions extracted from porewater by
dichloromethane (DCM). The base/neutral fraction contains the PACs. Several litres of porewater were
processed by this procedure to provide fractions for qualitative analysis and toxicity testing. The
base/neutral fraction was further subjected to open column chromatography and to semi-preparative high
performance liquid chromatography (HPLC) followed by analysis by gas chromatography-mass
spectrometry on quadropole and ion trap mass spectrometers.

Concentrations of individual PACs and alkyl-PACs were all less than 1000 ng/L in porewater. The
following parent PACs were specifically identified: acenaphthene, fluorene, dibenzothiophene,
phenanthrene, fluoranthene and pyrene. The predominant alkyl-PACs were the alkylnaphthalenes,
alkyldibenzothiophenes and alkylphenanthrenes.

As a screening test, base/neutral and acid extracts were tested by the Mutatox™ method at ca. 2000
times the concentration present in the original porewater. Both extracts were positive without metabolic
‘activation and negative with metabolic activation (S9). Most of the model compounds tested were more
active without metabolic activation Correlation with literature results for the widely used Ames
Salmonella test was only 45%. Since the Mutatox™™ test results were somewhat ambiguous, further
testing by the Ames test was carried out.

Testing of base/neutral and acid extracts at ca. 10,000 times the concentration in the original porewater
gave no evidence of mutagenicity with or without metabolic activation using Salmonella typhimurium .
strains TA98 and TA100. '
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(2) Polycyclic aromatic compounds in urban runoff

Utban runoff samples from a variety of sources (road runoff, combined sewer overflows) have been
analyzed for a wide range of PACs (primarily polycyclic aromatic hydrocarbons and alkyl-PAHs). The
samples are first filtered to separate the water and particulate fractions which are extracted and analyzed
to give dissolved and particulate conceritrations of PACs.

Two refinements to our analytical procedures were introduced. (a) A cleanup method using normal
phase semi-preparative HPLC to remove less polar material (unresolved complex mixture, UCM) which
was interfering with quantitation of the chromatograms. (b) Accelerated solvent extraction (ASE) as an
alternative to Soxhlet extraction of the particulates. ASE compares well with Soxhlet extraction for

- extraction efficiency and reduces solvent use by a factor of 5-10.

Earlier work on toxicity testing of urban runoff samples has been reported (Rochfort et al. 1998).

(3) Taste and odour compounds in water supplies

- In collaboration with J. Ridal of the St. Lawrence Institute of Environmental Sciences, a study was
carried out to measure two taste and odour compounds, geosmin and 2-methylisoborneol, in the
Cornwall Water Treatment Plant and the use of newly installed granular activated carbon filters for their
reduction. Earlier results on these two compounds in the upper St. Lawrence River were presented at
conferences (Ridal et al. 1977) and a manuscript is in preparation.

In a collaborative study with S. Watson and E. McCauley of the University of Calgary, the recently
developed technique of solid phase microextraction (SPME) was applied to the analysis of odourous
unsaturated aldehydes produced by chrysophytes (e.g., Dinobryon sp., Synura sp. and Uroglena sp.) in
cultures and ponds. These algal genera have been implicated in periodic springtime taste and odour
events in the Glenmore Reservoir which serves as one of the sources of raw water for the City of
Calgary. We were able to tentatively identify 21, 4c-heptadienal in Uroglena cultures and pond water.
The detection limit for the method is currently about 1-2 ug/L which will have to be lowered if the
method is to be applied successfully to the analysis of reservoir samples. - These results were presented at
a major international symposium and have been submitted for publication (Watson et al. 1998). A
manuscript on the methodolgy is in preparation.

Articles/reports/conference presentations in FY 97/98

1) Rldal J.J.; B. Brownlee, J. Carney and DR S. Lean. Taste and odour compounds in upper
St. Lawrence River drinking water. Presented at the 4® Annual Symposium on the St.
Lawrence River Ecosystem, Potsdam, NY, April 15-17, 1997.

(2) Ridal, J.J., B. Brownlee and D.R.S. Lean. An overview of taste and odour problems in
drinking water. Presented at the fall meeting of the Southeastern Water Association of
Ontario, November 26,1997. '

(3) Rochfort, Q. J. Marsalek, B. Dutka, B. Brownlee, A Jurkovic, R. McInnis and G.
Maclnnis. 1998. Acute toxicity of combined sewer overflows and stormwater
discharges. NWRI Contribution No. 97-190.
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(4) Watson, S.B., B. Brownlee, T. Satchwill and E. McCauley. The use of solid phase
microextraction (SPME) to monitor for major organoleptic compounds produced by
chrysophytes in surface waters. Presented at the Fifth International Symposium on Off-
Flavours in the Aquatic Environment, Paris, France, October 13-16, 1997. Also
submitted to Water Science and Technology.
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CURRENT RESEARCH, FY 97/98

PROJECT: Priority Substances - Pathways/Fate
STUDY TITLE: Environmental Effects of Metals and Organometals
STUDY LEADER: - Y.K. Chau and F. Yang ‘

Research was completed on the determination of butyltin compounds in Beluga whale tissues,
sediment cores and air samples, and the development of analytical technique for the gasoline
additives MMT (methylcyclopentadienylmanganese tricarbonyl) and MTBE (methyl zert-butyl
ether) in aqueous samples. Major studies are summarized as follows:

(1) Occurrence of organotin compounds in Beluga whale in the St. Lawrence River

‘Antifouling uses of tributyltin (TBT) have caused great environmental concern because of its high
toxicity to nontarget marine biota. In this study, Beluga samples (6 liver and 46 blubber samples)

- from the St. Lawrence River, Canada, were analyzed for butyltin compounds to investigate the
occurrence and contamination of butyltin in these marine mammals. A special procedure was
developed for the determination of butyltin species with high lipid content (up to 95%). Total
butyltin concentrations in liver samples were found to be much higher than those in the blubber
samples, and the concentration levels of butyltin species in blubber samples were observed to be
related to their lipid content.

(2) Determination of MMT and MTBE in aqueous samples with SPME method

Both MMT and MTBE are used-as octane.boosters in unleaded gasoline. MMT is toxic and
emission of manganese to the atmosphere may cause chronic manganese poisoning, leading to
Parkinsonism-like effects. MBTE is a known irritant and frequently detected in shallow
groundwater from urban areas. SPME (solid phase microextraction) is a simple, efficient and
solvent-free sampling technique. A method was.developed to extract MMT and MTBE in
headspace over water sample with a poly(dimethylsiloxane)-coated fused silica fiber. The
detection limits are 0.3 pg /L as Mn for MMT and 100 ng/L for MTBE with the combination of

- SPME technique and the highly sensitive and selective GC-AED. MMT was: detected in highway
run-off and sewage samples by this method.

(3) Determination of butyltin compounds in sediment cores

TBT is extremely toxic to certain aquatic organisms. Consequently, its use as an antifoulant was
regulated in 1989 under the Pest Control Products Act in Canada. We were interested in
determining the persistence of TBT in sediment cores taken from harbours across Canada. The
cores were sliced into 1 cm sections which were dated by lead-210 and analyzed for the
concentrations of butyltin species. The accumulation and degradation of butyltin compounds
were observed from the distribution profiles of TBT and its degradation products, DBT and
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MBT, in sediment cores. In sediment, the butyltin compounds are persistent and their
concentrations decrease gradually after the antifouling use of butyltin compounds was regulated in
‘Canada.

(4) Collection and analysis of butyltin compounds in air

Although the toxicity of organotin compounds has raised public health concerns, there have been
few investigations on the existence of butyltin compounds in air because of their low volatilities.
An analytical method for determining butyltin chlorides in ambient atmosphere was developed in
our laboratory in collaboration with a research group from McMaster University that was
interested in air sampling at an industry that used butyltins in glass coating. The butyltin species
‘were collected on glass fiber filters followed by an XAD-2 sorbent tube, extracted with sodium
diethyldithiocarbamate (NaDDC) in toluene, and then derivatized with pentyl Grignard reagent.
After the clean-up with silica gel column, the extract was analyzed by GC-AED. Recoveries of
butyltin and tripentyltin compounds ranged from 81 to 91%.

Articles/reports/conference presentations in FY 97/98

(1) Yang, F., Y.K. Chau and R.J. Maguire. 1998. Occurrence of butyltin compounds in
Beluga whales (Delphinapterus leucas). Appl. Organomet. Chem. In press.

(2) Yang, F., X.C. Fang, M. Alaee and Y.K. Chau. 1998. Solid phase extraction of butyltin
compounds in aqueous samples following derivatization in situ with sodium
tetraethylborate. NWRI Contribution No. 98-022.

(3) Chau, YK. and F. Yang. 1997. A novel technique for direct derivatization of ionic
organotin and alkyl-lead compounds in sediment: Simultaneous determination of
organotin and alkyl-lead compounds in sediment by gas chromatography-plasma atomic
emission (GC-AED) dual channel detection. Appl. Organomet. Chem. 11: 851-858.

(4) Chau, YK, R.J. Maguire, M. Brown, F. Yang, S.P. Batchelor and J.A.J. Thompson.
1997. Occurrence of butyltin compounds in mussels in Canada. Appl. Organomet.
Chem. 11: 903-912.

(5) Chau, YK, F. Yang and M. Brown. 1997. Evaluation of derivatization techniques for
the analysis of organotin compounds in biological tissue. Anal. Chim. Acta. 338: 51-55.

(6) Chau, YX., F. Yang and M. Brown. 1997. Determination of methicyclopentadienyl-
manganese tricarbonyl (MMT) in gasoline and environmental samples by gas
chromatography with helium microwave plasma atomic emission detection. Appl.
Organomet. Chem. 11: 31-37. :

(7) Chau, YK, R.J. Maguire, M. Brown, F. Yang and S.P. Batchelor. 1997. Occurrence of
organotin compounds in the Canadian aquatic environment five years after the regulation
of antifouling uses of tributyltin. Water Qual. Res. J. Canada 2: 453-521.
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CURRENT RESEARCH, FY 97/98

PROJECT: Priority Substances - Pathways/Fate
STUDY TITLE: Occurrence of Priority Organic Chemicals in Environmental Samples and
Effluents

STUDY LEADER: H.-B. Lee

Development of methods for the determination of estrogenic compounds in raw sewage and
effluent using GC/MS techniques has been completed. A brief survey of 178-estradiol and its
metabolites in Canadian sewage was also carried out. A twelve-month monitoring program for
nonylphenolic compounds in the influent, primary and final effluents of a sewage treatment plant
has also been completed. The analytical methods for nonylphenolic compounds have been
reviewed. A survey on the occurrence of nonylphenol ethoxylates and their degradation products
in pulp and paper mill effluents has been initiated. Major findings are listed below:

(1) Methodologies for estrogens

The syntheses of acetyl, pentafluoropropionyl, heptafluorobutyryl, and trimethylsilyl derivatives of
estrogenic compounds such as diethylstilbestrol, 178-estradiol (E), estrone (E,), estriol (Es), and
17a-ethynylestradiol (EE;) has been attempted. These reactions were quantitative and the
products were all stable at -20°C for weeks. Their separation on a HP-5 column was
demonstrated. The GC/MS data indicated that, with the exception of EE,, all hydroxy groups of
these estrogens were derivatized. In the case of EE,, the hydroxy group at the 17-position did
not react. Intense molecular ions were observed, in many cases, for the pentafluoropropionyl and
trimethylsilyl derivatives. Using these characteristic ions, detection of pg amounts of these
estrogen derivatives could be achieved by GC/MS in selected ion monitoring mode. A report
describing the preparation and GC/MS characteristic of these estrogen derivatives has been
completed.

A simple and quantitative method designed for the monitoring of 178-estradiol (E;) and its
metabolites estrone (E;) and estriol (E;) as environmental contaminants in municipal sewage
effluents has been developed. Preconcentration and cleanup of the estrogens were performed by a

~solid phase extraction technique using a reversed phase, Cis cartridge. The estrogens were
derivatized with pentafluoropropionic acid anhydride and the products were analyzed by gas

chromatography-mass spectrometry. Recoveries of the analytes from spiked distilled water and
sewage were better than 87% at fortification levels of 100 and 20 ng/L.. With a concentration
factor of 5000, the detection limits were 5 ng/L for E; and E; and 10 ng/L for E; in sewage
samples. In a brief survey of Canadian wastewater, these estrogens were detected in many raw
sewage and effluents samples at ng/L levels. A final report for this method has been prepared.
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(2) Occurrence of nonylphenol ethoxylates and their metabolites in sewage samples

A twelve-month sampling and monitoring program for the occurrence of nonylphenolic
compounds in the influent as well as the primary and final effluents of the Halton Skyway sewage
treatment plant has been completed. Nonylphenol ethoxylates (NPEO) and their metabolites
nonylphenol (NP) and carboxylates (NPEC) were readily detected in every sewage sample.
Extensive degradation of NPEO in the raw sewage was evidenced by the observation of high
levels of NP and the presence of NPEC in those samples. The sewage treatment processes were
very effective in the removal of NPEO since there was an over 90% decrease in the levels of these
* compounds between the primary and final effluents. Elimination of NP was less effective and
elevated levels of NPEC were observed in the final effluent. A final report is being prepared.

(3) Nonylphenol methodologies

A review of the major analytical methods published in the last 20 years for alkylphenol ethoxylates
and their degradation products in environmental samples has been completed. - In this review,
traditional and modern extraction and preconcentration methods for water and solid samples were
summarized. Chromatographic separation of these chemicals by normal and reversed phase
HPLC as well as GC were compared. Various sensitive and selective detection techniques
including the use of mass spectrometers were discussed.

(4) A survey of nonylphenolic compounds in paper mill effluent and sludge

A pilot study on the occurrence of nonylphenolic compounds in pulp and paper mill effluents and

“sludge has been initiated. Primary and secondary effluent samples provided by Avenor and
PAPRICAN were analyzed for NPEO and NP. While these compounds were detectable, their
levels, except for a few cases, were usually low (<50 pg/L for NPEO and <1 pg/L for NP).
Sludge and biosolid samples provided by PAPRICAN contairied <50 pg/g of NPEO and <1 pg/g
of NP in most cases. This study addresses a data gap in the CEPA PSL2 assessment of
nonylphenol, and will be continued in FY 98/99.

Articles/reports/conference presentations in FY 97/98 ,
(1) Lee, H-B,, J. Weng, T.E. Peart and R.J. Maguire. 1998. Occurrence of
alkylphenoxyacetic acids in Canadian sewage treatment plant effluents. Water Qual. Res.
J. Canada 33: 19-29.
(2) Bennie, D.T., C.A. Sullivan, H.-B. Lee and R.J. Maguire. Alkylphenol polyethoxylate
metabolites in Canadian sewage treatment plants. Water Qual. Res. J. Canada, in press

(3) Lee, H.-B. and T.E. Peart 1997. Derivatives of estrogens for gas chromatography-mass
spectrometry analysis. NWRI Contribution No. 97-207.

(49) Lee, H-B. and T.E. Peart. 1998. Determination of 17B-estradiol and its metabolites in

sewage effluent. NWRI Contribution No. 98-014.
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(5) Lee, H.-B. A review of analytical methods for the determination of nonylphenol and
related compounds in environmental samples (in preparation)

(6) Dutka, B.J,, D. Liu, A. Jurkovic, R. Mclnnis, H.-B. Lee, F. Onuska and S.S. Rao. 1997.
Observations from a six month study on the effect of biodegradation processes in
sediment on toxicity potential of targeted chemicals. NWRI Contribution No. 97-208.
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CURRENT RESEARCH, FY 97/98

PROJECT: Priority Substances - Pathways/Fate
STUDY TITLE: Biodegradation of Priority and Targeted Chemicals
STUDY LEADER:  D.Liu - '

Research was completed on the abiotic degradation of the new antifouling compound Irgarol 1051 by
mercuric chloride. A survey of Irgarol 1051 in Canadian and Japanese water and sediment is still in
progress. Major activities are summarized below:

(1) Abiotic degradation of Irgarol 1051

The aim of this study was to elucidate the mechanism involved in the mercuric chloride-catalyzed
hydrolysis of the new antifouling compound Irgarol 1051. This study showed that mercuric chloride
was capable of rapidly catalyzing the hydrolysis of Irgarol 1051 in distilled water and buffer solutions.
The degradation appeared to follow the reaction of a catalyzed hydrolysis, and was not significantly
affected by pH (i.e., at pH 5 to 9). All the five other heavy metal salts tested (AgNO;, CdCl,, CuSOs,
PbCl,, and ZnCl,) had practically no catalytic effect on Irgarol hydrolysis, implying the involvement of
a specific activity for Hg® in this reaction. The mechanism for the catalyzed hydrolysis appeared to
involve the formation of bidentate chelation through nitrogen (No. 5) on the ring and the nitrogen on
the cyclopropylamino side chain in Irgarol 1051 with the Hg?" ion. The resulting four-member chelate
complex would weaken the cyclopropyl-amino bond considerably, thus facilitating the hydrolysis
reaction. Ultraviolet spectroscopy of the reaction mixtures and the identification of Irgarol hydrolysis
product M1 (2-methylthio-4-fert-butylamino-6-amino-s-triazine) by GC-MS and LC-MS provided the
basis for the proposed mechanism for the HgCl,-catalyzed hydrolysis of Irgarol 1051. M1 appeared to
be more stable than the parent compound Irgarol 1051, thus implying its possible accumulation in the
environment. One practical aspect of this work is that HgCl, should not be used in preserving water
samples in Irgarol 1051 monitoring programs.

(2) Quantification of biofilm mass

The aim of this study was to develop a rapid biochemical test for the quantitative estimation of biofilm
mass in the aquatic environment. Biofilms are mainly responsible for the degradation and removal of
chemical contaminants from the aquatic environment, and therefore quantification of biofilm mass is
critical in the prediction of a chemical fate in the environment. Since biofilms contain relatively large
amount of polysaccharide, the determination of total attached polysaccharide can be used as a measure
of biofilm mass. Thus, a rapid biochemical method for the quantitative estimation of biofilm mass based
on the concentration of polysaccharide was developed. The method was prepared in a detailed step-
by-step format, in order to facilitate its technology transfer to industries, universities and government
agencies.
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(3) Persistence of cyanazine

The persistence of cyanazine in the aquatic environment was studied through experiments on volatility
and uptake by bottom-attached biofilms. The results indicate that cyanazine can be considered non-
volatile up to 35 °C. Cyanazine was lost from the water in the presence of biofilms. All evidence points
towards uptake by the biofilm as the cause of the disappearance of cyanazine. Cyanazine was not
biodegraded or biotransformed as indicated by the absence of degradation and/or transformation
products. Apparently, cyanazine formed bound residues within the biofilm which could not be
extracted, thus increasing its persistence in the aquatic environment.

(4) National survey of Irgarol 1051 in water and sediment

The 1997 national survey of the occurrence of the new antifouling compound Irgarol 1051 in water
and sediment from Canadian harbours (Vancouver, Toronto, Windsor, Port Stanley, Midland,
Kingston, Montreal, and Halifax) and Japanese harbours (Kobe and Mizushima) has been completed.
Analysis of Irgarol in water samples was finished, but that for sediment samplesis still-on-going due to
the tedious extraction procedure. The preliminary results indicated that both the Canadian and Japanese
aquatic environments have not been contaminated by Irgarol. Irgarol 1051 has recently been registered
in the United States as a replacement chemical for the organotin biocides in antifouling paints, and
Canada is seriously considering using it in antifouling formulations. Thus, it is anticipated that the
nationwide (Canada and Japan) survey for Irgarol in water and sediment will be continued into the next
fiscal year. :

Articles/reports/conference presentations in FY 97/98

(1) L, D,RIJ. Mag‘uire, Y L. Lau, G.J. Pacepavicius, H. Okamura and I. Aoyama. 1997.
Transformation of the new antifouling compound Irgarol 1051 by Phanerochaete
chrysoporiurm. Water Res. 31: 2363-2369.

(2) Liu, D, R.J. Maguire, Y.L. Lau, G.J. Pacepavicius, H. Okamura and I. Aoyama. 1998.
Microbial adsorption of cyanazine and metolachlor. J. Environ. Sci. Health.-B33(1): 1-15.

(3) Pacepavicius. G.J., Y.L. Lau, D. Liu, H. Okamura and 1. Aoyama. 1997. A rapid biochemical
method for estimating biofilm mass. Environ. Toxicol. Water Qual. 12: 97-100.

(4) Lesage, S., H. Hofmann, W.-C. Li, K. Millar, D. Liu and H. Seidel. 1997. Effects of humic
acids on the biodegradation of PAHs by bacteria and fungj. /n B. Alleman and A. Leeson
(eds.), In Situ and On-Site Bioremediation. Proceedings of the Fourth International
Symposium on In-Situ and On Site Bioremediation 4(2): 185-190.

(5) Lesage, S., W.-C. Li, K. Millar, S. Brown and D. Liu. 1997. Influence of humic acids on the
bioremediation of polycyclic aromatic hydrocarbons from contaminated soil and aquifers. pp.
325-338. In Proceedings of the 6th Symposium and Exhibition on Groundwater and Soil
Remediation. Montreal, March 18 - 21. ,

(6) Dutka, B.J,, D. Liu, A. Jurkovic, R. Mclnnis, H.-B. Lee, F. Onuska and S.S. Rao. 1997.
Observations from a six month study on the effect of biodegradation processes in sediment
on toxicity potential of targeted chemicals. NWRI Contribution No. 97-208.
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Lau, Y.L, D. Liu and G.J. Pacepavicius. 1998. Persistence of cyanazine in the aquatic
environment. NWRI Contribution No. 98-005.

Liu, D. Toxicity assessment during biodegradation processes. Presented at the Eighth
International Symposium on Toxicity Assessment, Perth, Australia, May 25-30, 1997.

Liu, D,, R.J. Maguire, Y.L. Lau, G.J. Pacepavicius, H. Okamura and 1. Aoyama.
Biotransformation of Irgarol 1051. Presented at the Eighth International Symposium on
Toxicity Assessment, Perth, Australia, May 25-30, 1997.

Aoyama, I, R. Luo, H. Okamura and D. Liu. Monitoring of toxic chemicals using Daphnia
magna mobnhty Presented at the Eighth International Symposmm on Toxicity Assessment,
Perth, Australia, May 25-30, 1997.

Okamura, H., I. Aoyama, J. Gaynor, D. Liu and G. Pacepavicius. Effect of natural
substances in river water on the photolysis of herbicide. Presented at the Eighth International
Symposium on Toxicity Assessment, Perth, Australia, May 25-30, 1997.

Takahashi, N., A. Tanaka, R. Luo, H. Okamura, I. Aoyama and D. Liu. Biodegradation and

» photolysis of the insecticide 1-(6-chloronicotinyl-)-2-nitroiminoimidazolidine
(Imidacloprid) and its toxicity. Presented at the Eighth International Symposium on

Toxicity Assessment, Perth, Australia, May 25-30, 1997.

Okamura, H., I. Aoyama, R. Luo and D. Liu. Ecotoxicity assessment of landfill leachates at
Teshiima Island, Japan. Presented at the International Bioassay Symposium in Toyama,
Toyama, Japan, October 3, 1997.

Liu, D., G.J. Pacepavicius, R.J. Maguire, Y L. Lau, H. Okamura arid 1. Aoyama. Review of
cyclone fermentor test for assessing the biodegradability. Presented at the Thirty-third
Central Canadian Symposium on Water Pollution Research. Burlington, Ontario, February 9-
10, 1998.
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CURRENT RESEARCH - FY 97/98

PROJECT: Priority Substances - Pathways/Fate
STUDY TITLE: Sources and Fate of Toxic Substances
STUDY LEADER: F.I Onuska

The study carries out research on fundamental mechanisms governing the persistence and fate of
toxic chemicals in aquatic efivironments. It covers activities focusing on the application of a
previously developed demixing technique of two miscible solvents for extracting anilines,
benzidines, s-triazine and TNT groups of explosives in water and sediment samples. Major
achievements are summarized below:

(1) Explosive materials in the environment

The traditional methodologies for the removal of explosives from soil and sediment matrices prior
‘to their analytical determination are the sonication and the Soxhlet extraction methods. They use

- large quantities of solvents and are very time-consuming. We demonstrated that the demixing of
two soluble solvents is a very effective methodology for the extraction of both classes of
explosives from water matrices. For soil and sediment samples, an accelerated solvent extraction
method using acetone and methanol (1:1) provides recoveries that are superior to the sonication
(U.S. EPA Method 3545) and the Soxhlet methods. The new method is also much more effective
as 95-99% recoveries can be obtained in less than 30 minuites vs. 16 to 24 hours for the traditional
methods. The effects of various operational parameters such as temperature, pressure and
suitability of various solvents were investigated.

As a significant number of polar and thermally unstable pollutants cannot be determined by gas
chromatography (HRGC), the use of high performance liquid chromatography. (HPLC) was
investigated for the detection of highly energetic materials in environmental samples. The first
group covers separation of s-triazine explosives such as RDX and HMX and the second group
covers, separation of nitro derivatives. Detection limits were established for both types and are at
200 ppt levels using UV-absorption detector. Certified samples were used to evaluate precision
and accuracy

(2) Identification of pollutants in an industrial effluent

Some aromatic amines used industrially are highly toxic and carcinogenic. Little is known of their
occurrence in the Canadian environment. A method was developed for their extraction and
analysis using HRGC-MS. The method was applied to the analysis of an industrial effluent from a
pigment-manufacturing company, and to the analysis of influent, effluent and sludge from the
sewage treatment plant (STP) receiving the industrial effluent. It was found that the industrial
effluent contained relatively high levels of aniline and other aromatic amines as a consequence of
the biodegradation of pigments and dyes. Benzidine and 3,3’-dichlorobenzidine are the primary
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sources of these pollutants. Benzidine was present in the industrial effluent (5 to 50 ppb). The
following pollutants were also identified: aniline (121 ppb); 2,6-dichloroaniline (118 ppb); 2,4,5-
trichloroaniline (388 ppb); 1-chloro-3-nitroaniline (120 ppb); and 3,4-dichloroaniline (99 ppb). A
24-hr composite industrial sample showed a significant quantity of benzidine (0.8 ppb); 3,3’-
dichlorobenzidine (106 ppb) and 3,3’-dimethoxybenzidine (2.9 ppb). Samples of STP influent and
effluent revealed between O to 2 ppb benzidine; the 2,4-dinitroaniline concentration in the influent
was up to 1960 ppb. This work is being done for Ontario Region, which is responsible for the
strategic options process for 3,3’-dichlorobenzidine as a result of the CEPA PSL1 assessment.

(3) Other work

An attempt was made to analyze alkyltin pollutants by ITP-CZE and micellar electrokinetic
chromatography using direct and indirect UV-detection. Tributyltin and triphenyltin were studied
as model compounds and a 3 mM solution of 4-aminopyridine was used for indirect detection at
261 nm. This technique was found to be unsuitable for environmental monitoring due to its lack
of sensitivity. '

We also evaluated the use of HRGC-MS for quantitation of derivatized organotin compounds,
especially butyltin compounds which we derivatized using sodium tetraethylborate. This reaction
is very quick and the limit of detection is around 200 ppt. In this case, selected ion monitoring
must be utilized and a complete speciation of inorganic and organotin compounds can easily be
achieved.

Simulation software for advanced protocol methodology development is fully functional and is
being utilized for the prediction and simulation of ITP and CZE separations. The software uses
steady-state algorithms.

Articles/reports/conference presentations in FY 97/98

(1) Onuska, F.I. and R.J. Maguire. 1997. Environmental application of mass spectrometry:
toxaphene analysis. pp. 533-558. /In R.M. Caprioli (ed.) Selected-Topics and Mass
Spectrometry in the Biomolecular Sciences. NATO-ASI Series in Mass Spectrometry.
Kluwer Academic Publishers, Amsterdam, The Netherlands.

(2) Krupcik, J., E. Benicka, J. Hrouzek and F.L Oriuska. 1997. Determination of electron
capture detector relative response factors for HRGC quantitative trace analysxs of
polychlorinated biphenyls. Petroleum and Coal 39(2): 48-51.

(3) Dutka, B.J, D. Liu, R. Mclnnes, A Jurkovic, R. Mclnnes, F.I. Onuska and S.S. Rao.
1997. Observations from a six months study on the effect of biodegradation process in
sediment on toxicity potential of targeted chemicals. NWRI Contribution No. 97-208,.

(4) Onuska, F. I, K.A. Terry and R.J. Maguire. 1997. High resolution gas chromatography-
mass spectrometry of some benzidines in industrial waste water. NWRI-Contribution No
97-202.
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Onuska, F.I., D. Kaniansky, K.D. Onuska and M.L. Lee. Isotachophoresis: Trials,
tribulations and trends in trace analysis of organic and inorganic pollutants. Presented at
the 15th International Symposium on Capillary Chromatography and Electrophoresis,

“Wintergreen, VA, May 1997.

Onuska, F.I. Isotachophoresis: Applications in environmental analysis. Presented at the
Latin American Congress in Chromatography (COLACRO 7), Aquas de Sao Pedro,
Brazil, March 20-27,1998.

Vieira, EMM. and F.I. Onuska. Determination of 1,3,5-trinitro-1,3,5-triazacyclohexane

~ (rdx),1,3,5,7-tetranitro- 1,3,5,7-tetraazacyclooctane (hmx) and 2,4,6-trinitrotoluene in

water. Presented at the Latin American Congress in Chromatography (COLACRO 7),
Aquas de Sao Pedro, Brazil, March 20-27,1998. '

Onuska, F.I Basics in isotachophoresis: practical guide for separation of anions and
cations. 62 pp. Guide distributed to participants at a short course on electrophoresis (in
Portuguese). Latin American Congress in Chromatography (COLACRO 7), Aquas de

‘Sao Pedro, Brazil, March 20-27,1998.
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CURRENT RESEARCH, FY 97/98

NON-POINT SOURCES OF POLLUTION
AQUATIC ECOSYSTEM PROTECTION BRANCH

‘The project goal is to develop knowledge for Environment Canada to manage sustainable
large-scale ecosysterh impacted by stresses from non-point sources of pollution from agriculture,
industry and urban developments. Knowledge generated from this research is applied in the
development of water management plans for large ecosystems, such as those currently studied
under the Fraser River Action Plan (FRAP) and the Great Lakes 2000 Program.
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CURRENT RESEARCH, FY 97/98

PROJECT: Non-Point Sources of Pollution
STUDY TITLE: Prevention and Remediation of Urban Non-Point Sources of Pollution
STUDY LEADER: J. Marsalek '

Research was conducted on the sources and impacts of urban non-pomt sources of pollution and the
means of prevention or remediation of such impacts.

(1) Stormwater and combined sewer overflow (CSO) pollution and impacts on receiving waters

Several studies were undertaken to address these important concerns. Heavy metals and polycyclic
aromatic hydrocarbons (PAHs) in stormwater runoff from a highway bridge were studied in
Burlington. The highest mean concentrations in whole water samples were found for Zn, Cu and Pb
(0.337, 0.136 and 0.072 img/L), and up to 45% of these burdens were in the dissolved phase. Mean
PAH event-mean concentrations in whole water samples ranged from 0.015 to 0.5 pg/L, with the
dissolved phase representing less than 10% of these burdens. Highway sediment was grossly polluted
with respect to Zn, Cu and Pb. The highway runoff chemistry indicated that uncontrolled discharges of
highway runoff impact on recewmg water quality and may require remediation by stormwater
management practices.

General aspects of wet-weather pollution impacts were addressed in a review paper, and more specific
aspects were addressed in a Chapter for the NATO Advanced Study Institute (ASI) proceedings on
Hydroinformatics and through a NATO Linkage Grant with the Slovak Technical University in
Bratislava. The finding reported indicate the need for an integrated approach to impact assessment,
considering all pollution sources. Among the various sources of urban stormwater, highway runoff
was found very important in terms of toxic impacts. With respect to stormwater and CSO impacts,
both temporal and spatial characteristics are of great importance. Temporal characteristics are
reflected in acute or cumulative impacts. Acute impacts include acute toxicity, flooding, dissolved
oxygen depletion, and fecal bacterial pollution. Cumulative impacts arise from a gradual build up of
pollutants in the receiving water and become apparent only after such accumulations exceed some
critical threshold values. Thus, with respect to acute impacts, flow, flux and pollutant variations in time
~ . are important;-as well as variations in ambient conditions inthe recelvmg waters. For the cumulative
impacts, time-integrated data are adequate.

Toxicity of municipal effluents, including stormwater, CSO and UV disinfected effluents, has been
assessed at more than 15 sites in two important Areas of Concern, Hamilton Harbour and Toronto
Waterfront. Using a battery of bioassays, various sources of municipal effluents were assessed. This -
assessment indicates that in general, toxicity was found more frequently in stormwater rather than in
CSOs, and it varied in time and space. Temporal variations of stormwater toxicity corresponded to
typical pollutant fluxes, characterized by the first flush and high concentrations of chemicals during the
early stages of runoff. While several bioassays indicated toxicity of the first flush, most of runoff
outside of the first flush was non-toxic. With respect to space, the controlling factor was the source of
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runoff. The highest toxicity was found in highway runoff, particularly in the case of highways with
high volumes of traffic. It appears that the first flush of runoff from a freeway (> 100,000 vehicles/day)
is toxic, or even severely toxic. The stormwater toxicity was somewhat reduced by Best Management
Practices (BMPs), such as ponds, biofilters and constructed wetlands, but the results were not
consistent and further research is needed. CSOs were generally less toxic than stormwater. Variations
among the CSO sites sampled were observed, depending on local sources of stormwater and municipal
sewage. Higher incidence of toxic samples was observed at two overflows with industrial or
hospital/university inputs of wastewater. Effects of treated effluent disinfection by UV were studied at
three sewage treatment plants (STPs) of various sizes. For the conditions studied, no increase in
effluent toxicity was observed, as a result of UV disinfection. In that sense, the UV results were

" comparable to those obtained by careful effluent chlorination and dechlorination; chlorine overdose or

- incomplete dechlorination may result in residual toxicity .

(2) Prevention or remediation of stormwater and CSO pollutnon

Stormwater quality can be enthanced by such BMPs as ponds and oil/grit separators (OGS). The
sustainability of such measures needs to be addressed and has to deal with an environmentally safe
disposal of contaminants removed from stormwater at these facilities. CSO pollution is generally
controlled by treatment, and among the various treatment processes proposed, chemically aided
hydrodynamic separation can achieve good removals of suspended solids. In areas with recreational
beaches, such treatment should also include environmentally safe disinfection by UV irradiation.

Through a cost-recovery arrangement with the Ontario Concrete Pipe Association (OCPA), the OCPA
OGS was tested and found deficient in two aspects, i.e., poor performance of the treatment chamber
arising from an unfavourable flow distribution, and the risk of trapped oil re-entry into the upstream
sewer. Both problems were solved by redesigning the separator chamber irilet - removing the vertical
inlet elbow causing flow eddying and replacing it with a straight inflow pipe fitted with an energy
dissipator in the form of a semicircular baffle, and a back-flow check valve. While for low flows (<10
L/s), the new and old designs performed similarly and were both effective in coarse sediment and free
oil removal, for high flows (up to 50 L/s), only the new design achieved good pollutant removal and
outperformed the original design by a large margin.

A major paper was published on pollutant removal by stormwater ponds and outlined the methodology
for assessing BMP performance. Towards this end, it is important to define various pond regimes,

with respect to loading and in-pond processes, particularly those occurring during wet-weather events
and during baseflow. With more than 500 samples collected and analyzed, it was possible to establish
the pond’s mass balances with respect to flow and fluxes of various materials and pollutants
(suspended solids, heavy metals, nutrients, some organics, and bacteria). Dissolved constituents
exhibited zero removals during baseflow, but some positive removal during storm events; nutrients and
suspended solids exhibited negative removal during baseflow (incoming polluted water was displacing
cleaner water in the pond) and positive removal during events, and metals and organics displayed
positive removals durmg both baseflow and storm events. Constituent removal was controlled mostly
by physical processes (sedimentation). Additional information was obtained on distributions of water
quality parameters. The data originating in systems with large storage and intense mixing (e.g. pond
outflow) were normally distributed; other (e.g. pond inflow) were lognormally distributed. This finding
has implications for future studies of stormwater quality, and particularly their experimental design.
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Recoghizing that settling is the most important pond process, it can be expected that well functioning
ponds accumulate large quantities of polluted sediment. The properties of such sediment were studied
at several facilities and described in terms of their physical and chemical characteristics and toxicology.
It appears that urban ponds accumiulate mostly fine materials (silt and clay), these materials are
marginally polluted, and may require special considerations for disposal. Pond sediments should be
periodically removed to sustain pond performance in pollutant removal. Two criteria are used for
deciding on sediment removal - loss of 10% of active pond volume, or a loss of sediment removal
performance (by 5%). An additional criterion was proposed, the level of contamination of the pond
sediment. Relatively infrequent sediment removals (once in 15-30) years are expected.
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CURRENT RESEARCH, FY 97/98

PROJECT: Non-Point Sources of Pollution

STUDY TITLE: Aquatic Sediment Structure: Implications for Non-Point Source Sediment
and Contaminant Transport.

STUDY LEADER: I G. Droppo

Research was completed and/or is ongoing in the area of floc architecture and its influence of floc
function/behaviour, stormwater management study of coal pile runoff, transport/erosion
characteristics of coal deposits, and combined sewer overflows and stormwater runoff studies for
the Kenilworth industrial boat slip. Major activities are summarized below:

(1) Floc structure/behaviour

Flocculated fine-grained sediment constitutes a very complex matrix of microbial communities and
-organic (detritus, cellular debris and extracellular polymers) and inorganic material. Suspended
flocs within any aquatic system play a significant ecological role as they can regulate the overall
water quality due to their physical, chemical and/or biological activity. Perhaps most importantly,
toxic chemicals, including most heavy metals, the majority of US-EPA Priority Pollutants and
many other unlisted but environmentally sensitive chemicals, have environmental pathways that
are primarily or exclusively associated with inorganic and bioorganic particles/flocs. There is,
however, a fundamental lack of knowledge on the controlling factors of flocculation and how the
actual structure of a floc influences its physical, chemical and or biological behaviour. This study
investigates the complex structural matrix of riverine flocs over a large range of magnifications
using correlative microscopic techniques. A better understanding of the structural components of
flocculated suspended sediment and their functional relationships with one another will help
improve our knowledge of floc behaviour in natural and engineered systems.

(2) Stormwater management of coal pile runoff

Hamilton Harbour, Ontario, is one of 43 Areas of Concern (AOC) around the Great Lakes
designated by the International Joint Commission (IJC) due to environmental:impairments.
-Contributing to these impairments are point source inputs that discharge suspended solids, trace
metals and organic compounds from several industrial sites into the Harbour. One source of
suspended solids, trace metals and organic compounds is runoff from coal piles, which results
when coal stockpiled for the steel industry is exposed to rainfall. The Kenilworth boatslip has
been identified as a ‘hotspot’ within Hamilton Harbour because of highly contaminated bottom
sediments. The objective of this study was to determine suspended solids, trace metals and
polynuclear aromatic hydrocarbons (PAHs) concentrations and loadings in the coal pile runoff
that discharges to the Kenilworth boatslip. Flow-proportioned samples of the runoff were
collected from April through October 1996 and analyzed for total suspended solids, selected trace
metals and PAHs. The suspended solids and total trace metal levels (Al, Fe, Mn, V, Cd, Cr, Cu,
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Pb, Zn) observed in coal pile runoff often exceeded Canadian Water Quality Guideline levels.
Levels for four of five PAHs (fluoranthene, phenanthrene, pyrene, chrysene) exceeded the
provincial ‘severe effect level’ (SEL) for PAHs in sediment. Given the high levels and loadings of
solids, metals, and PAHs and the relatively low volume of runoff, it has been suggested that the
coal pile discharge be treated as a remedial action for the Harbour.

(3) Transport characteristics of coal deposits within Hamilton Harbour

The runoff from an industrial coal pile has contributed to highly contaminated bed sediment in the
Kenilworth boatslip with significant concentrations of coal tar. Because there is busy ship traffic
within the boatslip, concern has been raised over the possibility of the resuspension of this
contaminated sediment by propeller wash, with its eventual transport to, and contamination of;
cleaner areas of the Harbour.

Experiments on the erosion characteristics of contaminated bed sediments from Hamilton Harbour
were conducted in an annular flume. Sediments were obtained from the Kenilworth-boatslip that
receives coal pile runoff. Values of the critical shear stress for bed erosion were obtained for nine
different runs. It was discovered that the presence of biofilm had very significant impacts on the
erosion resistance of the bed as well as on the behaviour of the sediment flocs brought into
suspension. Size distributions for the sediment flocs were obtained and discussed based on a
conceptual model of floc recycling. The results of this study are relevant to any aquatic
environment where sediment remobilization is of concern and should be considered when the
transport of sediments and associated contaminants are being modelled.

(4) Combined sewer overflows and stormwater runoff

This study stems from the need to assess the current inputs and fate of contaminants to an Area of
Concern from a variety of sources in order to ensure that any proposed remediation will produce
the desired results. This study focused specifically on an industrial boatslip of Hamilton Harbour.
The major sources of contaminants include; combined sewer overflows (CSO) from the
Kenilworth Sewershed, coal pile funoff and direct industrial cooling water discharges (monitored
by the MISA program of the MOE). Multiple storm events were sampled for the CSO and coal
pile runoff as well as a wide distribution of street sediments. All samples were analyzed for a host
of metals and PAHs. Both the contaminant levels and loads from these sources were evaluated in
assessing the potential impact they may have on the success of sediment and aquatic remediation
in the Kenilworth boat slip. Quantitative source evaluations using the methods described in this
study are strongly recommended prior to the planning and implementation of habitat and sediment
remediation work.

Articles/reports/conference presentations in FY 97/98

(1) Droppo, 1.G., G.G. Leppard, D.T. Flannigan and S.N. Liss, 1997. The freshwater floc:
A functional relationship of water and organic and inorganic floc constituents affecting
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CURRENT RESEARCH, FY 97/98

PROJECT: Non-Point Sources of Pollution
STUDY TITLE: Statistical Modelling of Environmental Changes
STUDY LEADER: A H. El-Shaarawi

Research activities were focused on reviewing and developing methods for modelling the spatial
and temporal changes in water quality of the Great Lakes. Selected case studies were used to
demonstrate the power of the developed methods in advancing our understanding of the
significance of water quality changes and their causes. In addition, the applications were also used
as a framework for technology transfer to the users. An overview is presented below.

(1) Evaluation of space-time modelling methods

The performance of existing methods for space-time modelling has been evaluated using data
from two Lake Ontario monitoring programs: the Bio-Index Program and the Water Quality
Monitoring Program. The Bio-Index Program does not provide a good spatial coverage of the
lake since its data are collectéd from only two sampling stations (station 41 and 81), but it
provides good time series data. This is in contrast with the regular Water Quality Monitoring
Program where the emphasis is on spatial coverage; more stations are sampled but less frequently.
The evaluation revealed that the currently available methods were not adequate for modelling the
two types of data due to their inability to handle irregularly spaced time series data, missing and
below detection values, and to model spatial auto-correlation especially for count data. New
methodologies which are tailored to the types of data generated by our monitoring programs have
been developed and applied to:

e Measurements made on 10 water quality variables from March. 16, 1981.to October 1995 at
stations 41 and 81 in Lake Ontario: The results show a major decrease in the concentration of
these variables.

o Three size classes phytoplankton biomass ﬁleasurcmants at 40 sampling stations in Lake
Ontario in 1990: The model indicates strong spatial dependence among the sampling stations.

These models will be used to study the efficiency of the two programs in their ability to describe
the current status, and to detect and estimate trends in water quality. .

(2) Niagara River trends

A comprehensive review of the statistical modelling methodologies developed for assessing
contaminant trends in the Niagara River was presented to delegates from Environment Canada,
the Ontario Ministry of the Environment, the US-EPA and the New York Department of
Environmental Conservation attending a workshop at the Canada Centre for Inland Waters,
Decmber 1-2, 1997. The four agencies are responsible for reporting progress in achieving the
goals of the 1987 Canada - U.S. Niagara River Declaration of Intent. The first day was focused
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on the modelling approach, on assessing assumptions and on interpreting the results of the
analysis, followed by a software demonstration. The second day was devoted to answering
questions; participants also recommended the production of a user friendly manual for the
software. These methodologies will be used by the four Parties to prepare their yearly report on
contaminant trends in the Niagara River.

Articles/reports/conference presentations in FY 97/98
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CURRENT RESEARCH, FY 97/98

PROJECT: Non-Point Sources of Pollution

STUDY TITLE: Transport Characteristics of Fraser River Sediment and the
Sediment/Contaminant/Biota Interactions.

STUDY LEADER: B.G. Krishnappan

Fine sediments play a major role in the transportation of hydrophobic contaminants in river
systems and hence the knowledge of their transport characteristics is an essential prerequisite for
modelling contaminant transport and interactions with biota. In this study, the transport
characteristics of the Fraser River sediment were studied both in the laboratory and in the field.
In addition, transport characteristics of fine sediment from a variety of environmental settings
including a tile drain in an agricultural watershed and a stormwater pond in Kingston, Ontario
were systematically studied in the laboratory. Some of the significant results of the current
studies are outlined below:

(1) Transport characteristics of fine sediments in the Fraser River system

Transport characteristics of fine sediment from the Fraser and Thompson rivers were studied as
part of the FRASER RIVER ACTION PLAN. The studies consisted of field surveys and
laboratory investigations. In the field surveys, the in-situ size distributions of the suspended
sediments of the Fraser and Thompson rivers were measured using a laser device and were
compared with the size distribution of the dispersed primary particlés. From such comparisons,
the flocculation state of the sediments was assessed. The laboratory investigations involved
measurement of deposition and erosion rates of the river sediment under controlled conditions in
the rotating circular flume. In addition, the influence of the pulp mill effluent on the flocculation
mechanism of the sedimént was also investigated in the laboratory. Based on the results of these
investigations, a new mathematical model of the fine sediment transport was formulated for the
Fraser river system. ’

(2) A laboratory investigation of depositional characteristics of mud from an inland
harbour using a rotating circular flume

Many hydrophobic contaminants are attached to fine sediments which are transported into Great

- Lakes harbours by the tributaries. Settling of sediment in the harbours depends on physical,
chemical and biological factors. An important aspect of modelling water quality and the transport
of the contaminants is the formation of flocs and the resultant effects on settling velocity and
deposition rates. These processes cannot be estimated theoretically. For this study, we used our
unique rotating flume to study the effects of turbulence on floc formation and settling velocity for
sediment from Port Stanley harbour. This study adds to our knowledge of the effects on floc
formation of shear stress, seasonality, and storage time as they relate to the transport properties of
fine sediment from Port Stanley harbour. Sample storage in the flume resulted in increased
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flocculation for the two finer samples. A sample with a higher percentage of silt did not flocculate - '
to the same extent as the finer samples. Flocculation was also influenced by the presence of
bacteria; however further investigation is required to determine their relative importance
compared to the presence of fines.

(3) Transport characteristics of tile-drain sediments in clay loam soils

Increasing use of tile drains for subsurface drainage in agricultural watersheds has created concern
for the delivery of sediment to receiving waters and potential undesirable effects on surface and
subsurface water quality. In this study, transport characteristics of sediment from tile drains in
predominantly clay-loam soils of a southern Ontario watershed were tested in a rotating circular
flume. Tile-drain sediments were collected and mixed with river water at different speeds in the
flume to study transport processes such as deposition, erosion and flocculation as a function of
bed shear stress. Empirical relationships were developed to describe erosion and deposition
processes of tile drain sediment. The relationships are in a form suitable for use in the fine
sediment transport model developed by Krishnappan et al (1997) and can be used to predict
transport characteristics of tile drain sediment in receiving streams.

(4) Kingston stormwater pond study

This collaborative study with Dr. Jiri Marsalek and Dr. Y.L. Lau (NWRI) was aimed at
characterising the size and density distribution of suspended sediment flocs in a stormwater
settling pond in Kingston, Ontario. The size distributions of the sediment in suspension were
measured using a submersible laser particle size analyser and a relationship between the floc size
and the density of the flocs was established on the basis of experiments carried out in the rotating
flume. These parameters are useful for establishing the deposition rate of the sediment entering
the pond.

Articles/reports/conference presentations in FY 97/98

(1) Krishnappan, B.G., R.Stephens, B.Moore and J.Kraft. 1997. Transport Characteristics
of Fine Sediments in the Fraser River System. NWRI Contribution No. 97-220.

(2) Skafel, M.G. and B.G. Krishnappan. A laboratory Investigation of Depositional
Characteristics of Mud from an Inland Harbour using a Rotating Circular Flume. Water
Air Soil Poll. (in press)

(3) Lau, Y.L and B.G. Krishnappan. 1997. Measurement of Size Distribution of Settling
Flocs. NWRI Contribution No. 97-223.

(4) Marsalek, J., B.G. Krishnappan, W.E. Watt and B.C. Anderson. Size Distribution of
Suspended Sediments in an On-Stream Stormwater Management Pond. NWRI
Contribution No. 98-009.
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(5) Gharabaghi, B., W.T. Dickinson, R.P. Rudra, W.J. Snodgrass and B.G. Krishnappan.
1998. Effectiveness of Rolled Erosion Control Products in Pre-vegetated Conditions. pp

13-28. In Proceedings, Conference 29, International Erosion Control Association, Reno,
Nevada, U.S.A.
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CURRENT RESEARCH, FY 97/98

PROJECT: Non-Point Sources of Pollution
STUDY TITLE: Sediment/ Contaminant Transport in Rivers
STUDY LEADER: Y.L Lau

Research was conducted into the effect of biofilm growth on the erodibility of bottom sediments
and the persistence of cyanazine and Irgarol in the aquatic environment. Experiments were carried
out to investigate the erosion characteristics of coritaminated bed sediments from Hamilton
Harbour. A study into the transport of sediments in streams with steep slopes was initiated.

(1) Erosion characteristics of coal pile deposits

The Kenilworth boatslip in Hamilton Harbour receives direct industrial discharges (primarily from
steel manufacturing), combined sewer overflows and stormwater runoff, and has been designated
as one of the “hot spots” of the Hamilton Harbour Remedial Action Plan (RAP). One of the most
significant inputs of these contaminants is from direct coal pile runoff which results when coal
stockpiled along the side of the boatslip is exposed to rainfall. This runoff creates a highly
contaminated sediment bed on the bottom of the boatslip with significant concentrations of coal
tar. Because there is busy ship traffic within the boatslip, concern has been raised over the
possibility of the resuspension of this contaminated sediment by propeller wash, with its eventual
transport to and contamination of cleaner areas of the Harbour.

Experiments on the erosion characteristics of contaminated bed sediments from Hamilton Harbour
were conducted in an annular flume. Sediments were obtained from the Kenilworth boatslip which
receives coal pile runoff. Values of the critical shear stress for bed erosion were obtained for nine
different runs. It was discovered that the presence of biofilm had very significant impacts on the erosion
resistance of the bed as well as on the behaviour of the sediment flocs brought into suspension. Size
distributions for the sediment flocs were obtained and discussed based on a conceptual model of floc
recycling. The results of this study are relevant to any aquatic environment where sediment
remobilization is of concern and should be considered when the transport of sediments and
associated contaminants are being modelled. :

(2) Effect of biofilm growth on critical shear stress

The shear stress at which sediments on a river bed begins to be eroded is called the critical shear
stress. As the fate of many toxic contaminants is directly related to the fate of aquatic sediments,
the-critical shear stress is an important parameter for the investigation of contaminant as well as
sediment pathways. Published values for the critical shear stress have all been obtained in the
laboratory using clean sand. There is qualitative evidence that the extracellular polymer substances
produced by bacteria in biofilms can bind sediment particles and thus increase the shear stress
required for initiation of sediment motion. However, quantitative information is lacking and
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experiments were designed to obtain such information. Experiments were conducted with
bacterial biofilms developed on a sand bed indoors as well as natural biofilms developed outdoors.
Further experiments are planned.

(3) Persistence of cyanazine and Irgarol in the aquatic environment

The herbicide cyanazine is a selective triazine herbicide used for annual broadleaf and grass weed
control in corn, sorghum, potatoes, soybeans and triazine-resistant canola. It is one of the most
heavily used agricultural pesticides in Ontario and yet there is virtually no information on its
aquatic fate. Both the U.S. Environmental Protection agency and the Ecosystem Interprétation
Branch of Environment Canada have noted that information is required on the occurrence,
‘persistence; fate and toxicity of cyanazine. The persistence of cyanazine was studied through
experiments on volatility and uptake by bottom-attached biofilms. The results indicate that
cyanazine can be considered non-volatile up to 35 °C. Cyanazine was lost from the water in the
presence of algal or bacterial biofilms. All evidence points towards uptake by the biofilm as the
cause of the disappearance of cyanazine. However, no degradation products were found showing
that the cyanazine could not be biodegraded or biotransformed. Cyanazine formed bound residues
within the biofilm which could not be extracted, thus increasing its persistence in the aquatic:
environment. The results of this work will be useful for determining the hazards posed by
cyanazine to the aquatic environment.

Irgarol is a newly developed herbicidal additive for use in copper-based antifouling paints. It is
intended for replacing the agent tributyltin which has been banned internationally. However there
is no information in the open literature on the persistence and degradation of Irgarol and this
hinders the assessment of its ultimate impact on the environment. A study was conducted which
showed that mercuric chloride was capable of rapidly catalyzing the hydrolysis of Irgarol 1051 in

was proposed. One practical aspect of this work is that HgCl, should not be used in preserving water
samples in Irgarol 1051 monitoring programs. Further investigations on its persistence is continuing.

(4) Effect of channel slope on the critical shear stress

Effective aquatic ecosystem protection requires better understanding of the sediment transport
processes at the bed of steep streams. Movement of gravel and the intrusion of sediment fines into
the gravel bed greatly restrict transport of dissolved oxygen into and through the bed substrate.
The ability of interstitial water flow to sustain substrate organisms and remove metabolic waste is
thus reduced. These factors have significant implications for maintaining river habitat functions
and point to the importance of continuing research on physical river processes. A review of the
existing data on the critical shear stress for sediment movement indicated that the present
knowledge needs to be expanded to provide design information for channel maintenance and
management over a wide range of practical flow conditions. A sloping-pipe experimental facility
was designed and constructed to research the effect of bed slope on the critical shear stress for
initiation of sediment motion. Experimental work will begin in 98-99.
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Liu, D, R.J. Maguire, Y.L. Lau, G.J. Pacepavicius, H. Okamura and 1. Aoyama.
Mercuric chloride-catalyzed hydrolysis of the new antifouling compound Irgarol 1051. Water
Research. (submitted)

Lau, Y.L. and Krishnappan, B.G. 1997. Measurements of size distributions of settling
flocs. NWRI contribution 97-223.

Lau, Y.L., D. Liu and G.J. Pacepavicius. 1998, Persistence of cyanazine in the aquatic
environment. NWRI Contribution 98-005.

Lau, Y.L. and 1.G. Droppo. 1998. Flume experiments with Hamilton Harbour coal pile
deposits. NWRI Contribution No. 98-024.

Pacepavicius, G., Y.L. Lau, D. Liu, H. Okamura and 1. Aoyama 1997. A rapid

“biochemical method for estimating biofilm mass. Environ. Toxicol. Water Qual. 12: 97-

100.

Liu, D., R.J. Maguire, Y.L. Lau, G.J. Pacepavicius, H. Okamura, and I. Aoyama.
Biotransformation of Irgarol 1051. Presented at the Eighth International symposium on
toxicity assessment. Perth, Australia, May 25-30, 1997.

Liu, D., G.J. Pacepavicius, R.J. Maguire, Y.L. Lau, H. Okamura and 1. Aoyama. Review
of cyclone fermentor test for assessing biodegradability. Presented at the Thirty-third
Central Canadian Symposium on Water Pollution Research. Burlington, Ontario,
February 9-10, 1998. '

51



CURRENT RESEARCH, FY 97/98

PROJECT: ~ Non-Point Sources of Pollution
STUDY TITLE:  Characterisation of Physically-Unstable Aquatic Colloids Relevant to
Flocculation

STUDY LEADER: G. G. Leppard

The first general scheme for classifying natural aquatic organic colloids was completed; the work
leading up to this achievement was outlined in a recent encyclopaedia article. This work has
attracted considerable attention, especially from the university and industrial sectors around the
world. The rapid quantitative low-cost enumeration and characterisation technique for aquatic
colloids was completed and published. Its use is encouraged in the Canadian industry.

In collaboration with 1. Droppo (NWRI), Prof. S.N. Liss (Ryerson Polytechnic University) and
Prof. D.G. Allen (University of Toronto) and the support of a new NSERC Strategic Grant,
research is continuing on flocs and floc-producing colloids, especially as it relates to contaminant
transport; sedimentation/resuspension processes; the engineered decontamination of water; and
colloid-driven biogeochemical processes on a planetary scale. Colleagues from McMaster
University, Agriculture and Agri-Food Canada and ten Canadian industries also contribute to the
research team.

With previously acquired knowledge and state-of-the-art technology, the research team pursues
the hypothesis that molecular-scale details of floc structure (especially colloidal structure not
previously amenable to analysis) will unravel more information about floc processes in engineered
water decontamination systems and major biogeochemical cycles. It is anticipated that this work
will lead to improved decontamination technology and better management practices.

Articles/reports/conference presentations in FY 97/98

(1) Leppard, G.G. and J. Buffle. 1998. Aquatic colloids and macromolecules: Effects on
analysis. pp. 349-377. In R.A. Meyers (ed.) The Encyclopedia of Environmental Analysis
and Remediation. John Wiley & Sons, New York.

(2) Finlayson, J.C., B. Liao, 1.G. Droppo, G.G. Leppard and S.N. Liss. 1998. The relationship
between the structure of activated sludge flocs and the sorption of hydrophobic pollutants.
Water Sci. Technol. (in press)

(3) Bura, R, M. Cheung, B. Liao, J. Finlayson, B.C. Lee, 1.G. Droppo, G.G. Leppard and S.N.
Liss. 1998. Composition of extracellular polymeric substances in the activated sludge floc
matrix. Water Sci. Technol. (in press)

(4) Lienemann, C.-P., A. Heissenberger, G.G. Leppard and D. Perret. 1998. Optimal
preparation of water samples for the examination of colloidal material by transmission
electron microscopy. Aquat. Microb. Ecol. 14: 205-213.
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(5) Leppard, G.G., M.M. West, D.T. Flannigan, J. Carson and J.N.A. Lott. 1997. A’
classification scheme for marine organic colloids in the Adriatic Sea: Colloid speciation by
transmission electron microscopy. Can. J. Fish. Aquat. Sci. 54: 2334-2349.

(6) Droppo, L.G., G.G. Leppard, D.T Flannigan and S.N. Liss. 1997. The freshwater floc: A
functional relationship of water and organic and inorganic floc constituents affecting
suspended sediment properties. Water, Air & Soil Pollut. 99: 43-53.

(7) Leppard, G.G. 1997. Colloidal organic fibrils of acid polysaccharides in surface waters:
Electron-optical characteristics, activities and chemical estimates of abundance. Colloids and
Surfaces A: Physicochemical and Engineering Aspects 120(1-3): 1-15.

(8) Jackson, T.A. and G.G. Leppard. 1997. Energy dispersive X-ray microanalysis: A powerful
research technique of major importance to biogeochemistry and microbial ecology.
Presented at the 43™ International Conference on Analytical Sciences and Spectroscopy,
Montreal, PQ, Canada.

(9) Flannigan, D.T., M. Cheung, J. Finlayson, B. Liao, 1.G. Droppo; G.G. Leppard and S.N.
Liss. Composmon of extracellular polymeric substances in the activated sludge floc matrix.
Abstr. Presented at the 2nd Int. Conf. "Microorganisms in Activated Sludge and Biofilm
Processes”, Berkeley, California, USA, July 21-23, 1997.

(10) Finlayson, J.C., B, Liao, 1.G. Droppo, G.G. Leppard and S.N. Liss. The influence of organic
contaminants on activated sludge floc properties. Abstr. Presented at the 2nd Int. Conf.
"Microorganisms in Activated Sludge and Biofilm Processes”, Berkeley, California, USA,
21-23 July, 1997.

(11) Leppard, G.G. Extracellular polymeric substances: Characterising their native associations
by correlative microscopy. Presented at the 47 Annual Conf. Canadian Society of
Microbiologists, Quebec City, PQ, June 15-19, 1997.

(12) Leppard, G.G., D.T. Flannigan, D. Mavrocordatos, C.H. Marvin, D.W. Bryant and B.E.
McCarry. Bmdmg of polycyclic aromatic hydrocarbons by size classes of particulate in
Hamilton Harbour water. Presented at the 80th Annual Conf. & Exhib. Canadian Society
for Chemlstry Windsor, Ontario, June 1-5, 1997.

(13) Leppard, G.G., 1.G. Droppo and S.N. Liss. Microbial ﬂoc structure, adhesion and biofilm
formation. Presented at the Int. Conf. "Biofilms in Aquatic Systems", Warwick, United
Kingdom, 13-16 April, 1997.
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CURRENT RESEARCH, FY 97/98

PROJECT: Non-Point Sources of Pollution
STUDY TITLE: Agricultural Non-Point Sources of Pollution and Sustainable Agriculture
STUDY LEADER: . HYF. Ng,

Research was completed on the effects of controlled drainage/subirrigation on nitrate loss and
crop yields. A multiyear collaborative study on baseline level of nitrogen in subsurface water was
initiated. Work continues on the determination of nitrate leaching, phosphorus transport in soil
columns and surface runoff at several experimental sites; this work is investigating the effects of
water table control, subirrigation and tillage practices with respect to determining the agronomic
and environmental benefits of best management practices (BMPs). Major findings are summarized
below.

(1) Study of water table control and subirrigation technologies in support of BMPs

A study was conducted to evaluate the influence of water table control and subirrigation in two
farm-plots of 1.9 ha each. One of the plots was equipped with a free drainage (FD) system, and
the other one with a controlled drainage and subirrigation (CDS) system. Both plots had a sandy
loam soil, were planted with corn, and were monitored from May to November 1996. The
cumulative volume of drainage water from the CDS plot was larger (by 20%). The soil moisture
content was higher (by 15%) in the CDS plot. The water table of the FD plot was 61% deeper
below the soil surface, compared with the CDS plot. The cumulative nitrate loss in the FD plot
was twice the amount of the CSD plot (291kg and 146 kg respectively). The nitrate loading in
rainwater accounted for 14% and 28%, respectively, of the cumulative nitrate losses in tile
drainage water of the FD and CDS plots. The subirrigation water accounted for 1% (2 kg) of the
nitrate loss in drainage water of the CDS plot. Flow weighted mean nitrate concentration in the
drainage water was reduced from 19.1 mg/L in the FD plot to 10.8 mg/L in the CDS plot. The
average rates of leaf transpiration and stomatal conductance, respectively, were 33% and 11%
higher in the CDS plot than in the FD plot. The average corn yields were 11.0 t/ha in the CDS
plot and 6.7 t/ha in the FD plot.

(2) Field monitoring of surface runoff and tile drainage water quality at experimental sites

In collaboration with the Harrow Research Station of Agriculture and Agri-Food Canada, water
samples of surface runoff, tile drainage, piezometric wells and rain were collected from the Bicrel,
Chevalier and Shanahan experimental sites. In addition, the micro-¢limate (air and soil
temperatures, air humidity, wind speed and direction) near the soil surface was monitored at the
Bicrel site.

The tile drainage water samples, collected from the three experimental sites in 1995 and 1996,
were analyzed for total phosphorus (TP), filtered phosphorus (TFP), nitrate nitrogen (NOs ),
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nitrite nitrogen (NO5), potassium (K), cadmium(Cd), copper (Cu), and zinc (Zn) in controlled
drainage plots (CD), controlled drainage/subirrigation plot (CDS), and free drainage plots (FD).

(3) Baseline levels of nitrogen in subsurface drainage water

An investigation of the baseline levels of nitrogen in subsurface drainage water was initiated in
order to quantify the efficiency of nitrogen use. A rainwater collector was installed to complement
the field monitoring program. Because of a very dry summer, rainwater and tile drainage samples
were only collected from September onward. The samples were submitted for analysis of Cl, K,
Na, NOs, and TP. The preliminary results were used to compare background nitrogen
concentration levels of the field plots. The plots have been under grass cover and without input of
nitrogen by fertilizer or manure for two years before the initiation of the study. This study is done
in collaboration with the School of Engineering, University of Guelph.

Articles/reports/conference presentations in FY 97/98

(1) Al-Abed, N, HY.F. Ng, C.S. Tan, C.F. Drury, and J.D. Gaynor. 1997. Modelling of
Nitrate in a Tiled-Drained Field Using RZWQM. NWRI Contribution No. 97-187.

(2) Ng, H.Y.F. Agrochemical Transport from a Small Agricultural Watershed. Presented at
the IAGLR ’97. IAGLR 40" Conference, Buffalo State College & University of Buffalo,
Buffalo, N.Y, June 1-5, 1997. "

(3) Ng H.YF., CF. Drury, VK. Serem, C.S. Tan, and J.D. Gaynor. Modelling and Testing
of the Effect of Combined Tillage, Cropping and Water Management Practices on
Nitrate Leaching in Clay Soil. J. Agri. Water Mgmt. (submitted)

(4) Ng, H.YF, Al-Abed, N, C.S. Tan, C.F. Drury, and J.D. Gaynor. Modelling nitrate
losses in a tile drainage field using RZWQM. Presented at the World Water Congress,
Montreal, September 1-6, 1997.

(5) Tan, C.S., C.F. Drury, M. Soultani, 1.J. Van Wesenbeeck, H.Y.F. Ng; J.D.-Gaynor, and
T.W. Welacky. Effect of Controlled Drainage on Soybean Yield and Water Quality
Under No-Tillage and Conventional Tillage Systems at the Field Scale. Presented at the
1997 ASAE Annual International Meeting, Minneapolis, Minnesota, August 10-14,
1997.

(6) Tan, C.S., C.F. Drury, M. Soultani, LJ. Van Wesenbeeck, H.Y.F. Ng, J.D. Gaynor, and
T.W. Welacky. Effect of controlled drainage/subirrigation on tile drainage water quality
and crop yields at the field scale. On-Farm Research Program of the Canada-Ontario
Green Plan. (submitted)

(7) Tan, C.S., CF. Drury, M. Soultani, L.J. Van Wesenbeeck, H.Y.F. Ng, J.D. Gaynor, and
T.W. Welacky. 1997. Effect of controlled drainage/subirrigation on tomato yield and
water quality. pp. 327-333. In K.S. Chartzoulakis (ed) Proc. 2" Int. Sym. On Irrigation
of Hort. Crops. Acta. Hort. 449 Vol. 1. ISHS.
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(8) Tan, C.S., C.F. Dsury, M. Soultani, I.J. Van Wesenbeeck, H.Y.F. Ng, J.D. Gaynor, and
T.W. Welacky. Effect of Controlled Drainage and Subirrigation on Tomato Yield and
Water Quality at the Field Scale. Presented at the Seventh International Drainage
Symposium, Hyatt Orlando, Orlando, Florida, March 8-11, 1998.
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CURRENT RESEARCH, FY 97/98

PRIORITY SUBSTANCES - EXPOSURE/EFFECTS
AQUATIC ECOSYSTEM PROTECTION BRANCH

The project develops and applies techniques to screen and assess priority substances and effluents for
their potential to cause effects on aquatic biota. In collaboration with other researchers, methods are
developed to isolate, identify and characterize chemicals responsible for physiological and reproductive
impacts. The project has the capabilities to measure and predict exposure to and effects of'a wide
variety of contaimiiiants in support of various national and regional ecosystem programs, e.g., CEPA,
TSMP, EEM, Great Lakes 2000, etc.
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CURRENT RESEARCH, FY 97/98

PROJECT: Priority Substances - Exposure/Effects
STUDY TITLE:  Environmental Chemistry and Effects of Priority Substances
STUDY LEADER: MR. Servos

The assessment of the exposure of priority substances and their ability to cause impacts on the survival,
growth, development and reproduction of biota is the primary focus of this study. Techniques to screen
priority chemicals, effluents and environmental samples for developmental and reproductive impairment
as well as techniques to isolate and identify chemicals responsible for biological impacts are developed
and applied. This includes: the development and application of bioassays (partial to full life-cycle
tests) for chronic, reproductive and developmental effects on biota exposed to.toxic chemicals
(municipal, textile effluents, nonylphenol ethoxylates, pesticides); determination of exposure and
effects of natural and synthetic hormones in municipal effluents; the examination of remedial options to
reduce the release of toxic and estrogenic chemicals from priority substances and effluents; and the role
of food web structure and function on controlling the biomagnification of organic contaminants.

(1) The expos‘ixre and effects of endocrine disrupting chemicals in municipal effluents

The development and validation of methods to measure the concentrations of natural and
synthetic hormones in effluent and receiving waters was completed and applied to determine the
distribution of these chemicals entering the environment. Samples collected at ten municipal
sewage treatment plants indicate that natural and synthetic hormones are detectable in Canadian
effluents in the low ng/L range, similar to that observed in other countries. A collaborative
research program was initiated with the Water Technologies International, the Burlington
Environmental TechnOlOgy Office, and local municipalities to assess the fate and distribution of
nonylphenols (PSL-2), natural and synthetic hormones in a municipal treatment plant which also
received textile mill effluents. The fate of the chemicals was determined at each of the major
process steps in the treatment plant including UV-disinfection and final effluent. A study on the
fate and effects of the effluent in the receiving water was also underway during the same period to
evaluate the exposure and potential impacts on fish. Laboratory experiments established that the
effluent has the potential to cause endocrine disruption in fish. The study has been expanded to a

-national survey of the distribution and effects of these chemicals in municipal-effluents across
Canada. : :

(2) Exposure and effects of trace contaminants in lampricide formulations

Batches of 3-trifluoromethyl-4-nitrophenol (TFM) were tested for mixed function oxidase (MFO)
induction and trace contaminants in support of the Great Lakes Fishery Commission Sea Lamprey
Control Programs. Contamination of TFM formulations, fish and sediment collected during a
treatment of the Bad River, Wisconsin was completed as part of an agreement with the Bad River
Tribal Council and the US-Fish and Wildlife Service. Toxicity identification evaluations of the
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formulations were conducted to isolate and to identify the chemicals responsible for both MFO
induction and estrogenic responses. Studies of the temporal and spatial distribution of biological
responses during regular treatments of Bronte Creek and Lynde Creek were completed.

(3) Polychlorinated dioxins and furans in pulp and paper mill effluents

A study was completed on the fate and distribution of polychlorinated dioxins in fish exposed to
effluents of pulp and paper mill which have undergone treatment and process changes. This data
played a critical role in the interpretation of data from Cycle one of the Environmental Effects
Monitoring (EEM) program. The data clearly demonstrated a dramatic response of the
environment to the control and release of dioxins from these effluents.

(4) Using stable isotopes to understand complex food webs

Several studies on Lake Ontario and Erie to understand the energy flow-and-bioaccumulation of
contaminants in food webs were completed Stable isotopes have proven to be very useful to
understand the patterns of contamination in the food webs in the lakes, including top predators
such as lake trout. The seasonal dynarmcs of the system, especnally at the lower end of the food
ofi lSOtOplC 51gnature is a very effective tool to understand the interactions of orgamsms in these
complex ecosystems. This work continues to contribute to our understanding of the structure and
function of large lakes and increases our ability to predict the bioaccumulation of toxic chemicals
in complex food webs.

Articles/reports/conference presentations in FY 97/98

(1) Chambers, P.A., M. Allard, S.L. Walker, J. Marsalek, J. Lawrence, M. Servos, J.
Busnarda, K.S. Munger, K. Adare, C. Jeffersori, R.A. Kent and M.P. Wong. 1997.
Impacts of municipal wastewater effluents on Canadian waters: A Review. Water Qual.
Res. J. Canada 32(4): 659-713.

(2) Hewitt, LM,, I.H. Carey, K.R. Munkittrick, J.L. Parrott, K.R. Solomon and M.R.
Servos. Identification of chloro-nitro-trifluoromethyl-substituted dibenzo-p-dioxins in
lampricide formulation of 3-trifluoromethyl-4-nitrophenol (TFM): Assessment to induce
MFO activity. Env. Toxicol. Chem., in press

(3) Hewitt, M.R., L. Scott, K. Munkittrick, K. Solomon and M.R. Servos. 1997. Hepatic
MFO activity and vitellogenin induction in fish following a treatment of lampricide 3-
trifluoromethyl-4-nitrophenol (TFM). Can. J. Fisheries and Aquatic Sciences, in press

4) Leggett M.F., MR. Servos, R. Hesslein, O. Johannsson and D.G. Dixon. Influence of
inorganic mtrogen cycling on the "°N of Lake Ontario biota. Oecologia. (submltted)

(5) Leggett, M.F., M.R. Servos, R. Hesslein, O. Johannsson, E.S. Millard and D.G. Dixon.
Biochemical influences on the carbon isotopic signatures of Lake Ontario biota. -
Oecologia. (submitted)
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Munkittrick, K.R., M.E. McMaster, L. H. McCarthy, M.R. Servos and G.J. Van Der
Kraak. An overview of recent studies on the potential of pulp and paper mill effluents to
impact reproductive function in fish. J. Toxicol. Environ. Health, in press

Munkittrick, K.R., M.E. McMaster, C. Portt, W.N. Gibbons, A. Farwell, L. Ruemper,
M.R. Servos, J. Nickle and G.J. Van Der Kraak. The development of cumulative effects
assessment tools using fish populations. I Critical Methodologies for the Study of
Ecosystem Health, University of California, Davis, CA., in press

Munkittrick, K.R., M.E. McMaster, M.R. Servos and G.J. Van Der Kraak. Changes in
the reproductive performance of fish in Jackfish Bay over the period of mill
modernization. Presented at the 3" Internat. Conf. Environmental Fate and Effects of
Pulp and Paper Mill Effluents, Rotorua, NZ, November 9-13, 1997.

Munkittrick, K.M., S.R. Megraw, A.Colodey, S. Luce, S. Courtenay, M. Paine, M.
Servos, M. Spafford, C. Langlois, P. Martel and C. Levings. Final Report of the Fish
Survey Expert Working Group for EEM cycle one. EEM/1997/6.

Munkittrick, K.R., O. Sandstrom, A. Larsson, G.J. Van Der Kraak, L. Forlin, E.
Lindesjoo and M.R. Servos. A reassessment of the original reviews of Norrsundet and
Jackfish Bay field studies (a retrospective look at risk assessmeiits). Presented at the 3"
Internat. Conf. Environmental Fate and Effects of Pulp and Paper Mill Effluents,
Rotorua, NZ, November 9-13, 1997.

Munkittrick, K.R., M.R. Servos, K. Gorman, B. Blunt, M.E. McMaster, and G.J. Van
Der Kraak.1997. Characteristics of EROD induction associated with exposure to pulp
mill effluent. Rao et al. Methods in Ecotoxicology (submitted)

Parrott, J., M.R. van dén Heuvel, L. M. Hewitt, M.R. Servos, M.A. Baker and K.R.
Munkittrick. Isolation of MFO inducers from tissues of white suckers caged in kraft mill
effluent. Preserited at the 3" Internat. Conf. Environmental Fate and Effects of Pulp and
Paper Mill Effluents, Rotorua, NZ, November 9-13, 1997. : ,

Rochfort, Q., I. Scott, R. Mclnnis, A. Jurkovic, J. Marsalek and M. Servos. 1998.
Chronic toxicity of high and low intensity UV disinfected effluents from selected sewage
treatment plants in Ontario: NWRI Contribution No. 98-015.

Serv