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INTRODUCTION 
D. L. Egar 
Executive Director 
National Water Research institute 

It is with great pleasure that I introduce 
CURRENT RESEARCH '89, a synopsis of the 
research activities and publications of the 
National Water Reseavrch Institute (NWRI) 
during 1988-89. This is the second edition 
of Current Research and I hope it will pro- 
vide our Canadian and international water 
research colleagues with a useful overview 
of our progress in the past year. 

Our continuing goal at NWRI is to dem- 
onstrate leadership in developing the scien- 
tific knowledge and expertise required by 
Environment Canada to resolve important 
Canadian water management issues. Our 
present research strategy emphasizes inves- 
tigations into the critical ecosystem interac- 
tions which control the fate and effects of 
pollutants, improved understanding of the 
dynamics of important regional ecosystems, 
and the development of better aquatic as- 
sessment and prediction methodologies. 

Research at NWRI is conducted within 
multidisciplinary project groups, each of 
which addressing the science dimension of 
an emerging or priority water issue. In the 

following pages, Project Chiefs from the 
three Research Branches summarize the ob- 
jectives and highlights of their research 
teams. Their reports are necessarily brief, 
but I believe they clearly show that the 
|nstitute’s talented scientists, t_echnician_s 
and support staff are committed to the crea- 
tion of new knowledge of scientific merit 
and practical importance. Acomprehensive 
listing of staff publications is also provided. 

The year 1989 saw a deepening of the 
global environmental crisis. At the same 
time, however, a broader acceptance 
emerged of the concept of sustainable devel- 
opment as the basis for developing an 
agenda for future change. Water is both an 
integrator of environmental change and an 
engine of economic growth and-, as such, is 
a key to progress. Better management, 
however, can only come with better scien- 
tific knowledge. NWRI, with its specialized 
expertise, understanding of Canadian 
aquatic ecosystems and access to knowl- 
edgeable researchers around the world, is 

well positioned and eager to contribute 
constructively to this common effort.



LAKES RESEARCH BRANCH 
R. J. Allan, Director 

The Lakes Research Branch conducts 
applied research to provide effective man- 
agement options for the conservation and 
protection of Canada's freshwater lakes. 
The research program encompasses natural 
lakes and man-made impouandments 
throughout Canada as well as the large, 
freshwater—dominated, upper estuaries of 
major rivers, particularly the St. Lawrence 
and Fraser rivers. Although emphasis is on 
the Laurentian Great Lakes, study sites are 
located throughout the country. 

Research is conducted into significant 
limnological processes, and the chemical, 
biological and physical factors that affect 
their rates. Emphasis is placed on the 
sources, fate and effects of pollutants, par- 
ticularly toxic organic chemicals, as well as 
on metals, radionuclides and nutrients. The 
influence of lake trophic state on toxic 
chemical fate and effects is a major area of 
interest because of the potential need to 
integrate existing nutrient control programs 
with plans to control both future toxic 
chemical loadings and the effects of previ- 
ous re_lea_ses. An important general goal is to 
quantify the transfer of materials (toxic 
chemicals, nutrients, sediments, gases) 
across limnological interfaces such as those 
between sediments a_nd water, air and water, 
and nearshore and offshore water masses. 
Investigating the potential for modifying 
these transfer processes and their effects, 
through in situ treatment, is also a high 
priority. Some of the issues being re- 

searched include: 
0 assessment of long—term water quality 

trends; 
° external and internal loadings of pollut- 

ants; I 

0 sources, transport and movements of 
water masses and their associated par- 
ticulate loads; 

0 partitioning of pollutants between 
media in the water column; 

' Partitioning of pollutants between the 
- water and the atmosphere; 

0 burial of contaminants in bottom sedi- 
ments; 

0 sedimentation versus resuspension 
rates; 
biological mixing of sediments; 
degradation and biological uptake of 
pollutants; 

0 food chain transfer by benthic organ- 
isms of sediment—associated pollutants; 
evaluation of ecosystem health; 
water quality impacts of climate 
change;

a 

0 influence of wetlands on climate 
change; , _ 

0 rehabilitation potential of lakes and 
reservoirs; 
in-lake restoration methods; 
manipulation of aquatic food chains. 

Providing predictive models for all the 
above issues is the ultimate goal of the 
research program. 

The research studies in the Lakes Re- 
search Branch are organized into five mul- 
tidisciplinary projects: Nutrient-Cor_1tami- 
nant Interactions; Sediment-Water Interac- 
tions; Air-Water Interactions; Nearshore- 
Offshore Interactions; and Lakes Restora- 
tion. 

Our research results are used by na- 
tional and provincial water management 
agencies in Canada and by national agen- 
cies in other countries involved with water 
quality protection and conservation. In the 
Great Lakes, part of the effort from the 
Branch supports the research and technol- 
ogy transfer needed to develop Remedial 
Action Plans for the 17 Canadian Areas of 
Concern. These programs help to fulfil 

Canada's obligations under the Great Lakes 
Water Quality Agreement (GLWQA) 
between Canada and the United States.



NUTRIENT-CONTAMINANT INTERACTIONS PROIECT 
J.H. Carey, Project Chief 

Introduction 

The Nutrient-Contaminant Interactions 
Project is investigating the influence of lake 
trophic status on contaminant dynamics and 
impacts in lakes. Although the primary goal 
of the work is to improve our knowledge of 
contaminant pathways in the Great Lakes, 
much of the work is conducted in a series of 
mostly headwater lakes centred around a 
field site near Bancroft, Ontario, known as 
the Model Lakes Ecosystem Study 
(MODLES). This region is an area of transi- 
tion between igneous and, sedimentary 
bedrock and therefore lakes with differing 
chemical 

_ 
compositions are available for 

study. The atmosphere is the single major 
source of contaminants. A m_ultidi_scipl_i_nary 
approach is taken in an attempt to character- 
ize and quantify critical processes. 

The research program examines the 
general hypothesis that trophic state inter- 
acts with contaminants by influencing con- 
taminant bioacc'u_mu'lation (and subsequent 
effects), degradation and distribution. The 
objective of the project is to identify the key 
variables that can be used to predict con- 
taminant bioaccumujlationv, degradat_ion 
and sedimentation in lakes and to apply 
these findings‘ to the Great Lakes. 

Specific research activities include the 
following: 
0 investigation of the relationship be- 

tween trophic status, community struc- 
ture and relative importance of benthic 
versus planktonic uptake routes for con- 
taminants; ‘ 

0 investigation of the relationship be- 
tween nutrient availability in lakes and 
lipid content in aquatic organisms and 
examination of resultant effects on bio- 
accumulation and translocation of con- 
taminants; 

0 examination of the physiological re- 
sponses of aquatic organisms to ex- 
tremes of nutrient availability and sub- 

sequent effects on contaminant bioac- 
cumulation; - 

0 investigation of the effect of dissolved 
organic matter on contaminant path- 
ways and the influence of trophic status 
on the relative importance of various 
sources of this dissolved organic matter. 

Research Highlights 

0 Analyses of organochlorines in zoo- 
plankton from over 30 MODLES lakes are 
now complete. The inverse relationship 
between spring total phosphorus and total 
PCBs reported last year, based on initial 

results, has now been confirmed with other 
organochlorines, notably those related to 
chlordane and DDT (Figure 1 ). Correlations 
are improved when zooplankton number is 
considered. Thus, it appears that factors 
affecting zooplankton abundance, such as 
the ratio of lake-su_rface area to mean depth, 
also affect contaminant concentrations. 
Seasonal effects on lipid production and 
speciation were investigated in five 
MODLES lakes from April to November. 
Lipids were analyzed as classes, such as 
phospholipid, triglycerides, etc. Samples 
will be analyzed for contaminants i_n the 
coming year. 

0 Dissolved organic matter (DOM) was 
isolated from six MODLES lakes, two«fres_h- 
water marshes, a humic bog and three sites 
on the Bay of Quinte. DOM was fraction- 
ated by size, and isolated material was 
analyzed for ash, carbohyd_r’ate, protein, 
nitrogen and iron. The results indicated that 
in lakes the amount of DOM derived from 
autochthonous sources is higher than was 
commonly assumed, suggesting that use of 
humic acids as ”model” DOM in laboratory 
experiments may be inappropriate. Col- 
laborative research ‘with, McM_aster Unive_r— 
sity on the characterisation of the isolated 
material and with the Canadian Centre for 
Toxicology on its effect on pesticide bio- 
availability was initiated during the year.



9 The effect of herbicides on algal uptake 
of “C was studied using plankton samples 
from two MODLES lakes and Lake Erie. The 
herbicides primarily affected the smallest 
size ranges of algae. Since these size ranges 
are those uti|i_zed by zooplankton as food, 
the results may have significant implications 
for community structure in lakes receiving 
agricultural runoff. 

O Anaerobic degradation in sediments 
from five MODLES lakes was investigated in 
the laboratory. Degradation of model ali- 
phatic chlorinated compounds were ob- 
served in all samples, but degradation of 
model chlorinated aromatics were slow. 
There were no striking differences among 
different lake sediments. New experiments 
involving nutr_ie,r_‘1t additions and sediments 
from eutrophic areas are planned. 

0 Studies on the photochemical produc- 
tion of reactive intermediates capable of 
participating in abiotic contaminant degra- ‘ 

dations continued. The photolytic produc- 
tion of hydrogen ‘peroxide in eight MODLES 
lakes and Lake Erie was investigated. Diur- 
nal patterns suggested that hydrogen perox- 
ide concentrations in surface waters were 
controlled by the relative kinetics of the 
production and degradation processes. 
Biologically mediated degradation of H202 
appeared to be an important process. 

0 The fungal community in sedimentfrom 
six MODLES lakes was characterized by 
dilution plating techniques. In sediments 
from deeper mid-lake regions, the fungal 
community was dominated by two moulds, 
one of which appears to be a previously 
unidentified species. Of the two most 
common yeast species, one of these also 
appears to be a new species. Samples from 
shallow, nearshore regions differed from the 
deeper samples by having a more diverse 
fungal community, presumably reflecting 
terrigenous influences. 
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Figure 1. Average concentrations of (a) DDE, DDD and DDT, and (b) five PCB congeners in zooplankton for lakes 
grouped according to their total phosphorus concentrations in spring.



SEDIMENT-WATER INTERACTIONS PROJECT 
A, Mudroch, Project Chief 

Introduction 

Many contaminants discharged into 
aquatic ecosystems become associated with 
bottom sediments. Consequently, sedi- 
ments act as sinks as well as in situ sources 
of persistent hydrophobic toxic organics, 
metals, radionuclides and nutrient contami- 
nants. These contaminants can be recycled 
into ‘water and therefore become available 
‘for accumulation in the food chain. In the 
aquatic environment, the contaminants and 
nutrients are distributed among the aqueous 
phases (water column an_d sediment pore 
water), suspended and bottom sediments, 
and biota..Transp‘ort of contaminants among 
these different compartments is affected by 
environmental conditions in the sediments 
near the sediment—water interface and may 
vary from one system to another (Figure 2). 

The objective of this project is to quan-. 
tify the interactions and transport of con- 
taminants between individual sediment 
components in order to evaluate their rela- 
tive importance. The ultimate goal of the 
project is to model contaminant effects in 
lake systems for long-term management 
planning, policy formulation and selection 
of adequate measures for contaminated 
sediment remediation. 

Research Highlights 

0 In Lake Ontario, the concentrations of 
lead in sediments from the depositional 
basins have decreased since 1974 from 
about 200 ug/g to about 1 O0 pg/g. This trend 
reflects the effects of reduction of leaded 
gasoline consumption in the United States 
and Canada, and suggests that natural burial 
of contaminated sediments by cleaner mate- 
rial entering the lake is relatively efficient. 

O The release of contaminants from pol- 
luted sediments disposed in confined dis- 
posal facilities (CDFs) was investigated. The 
results showed that the concentrations of 

metals in vegetation collected at these CDFs 
exceeded normal levels found in urban foli- 
age at several locations. Smartweed, clover 
and grass, however, accumulated lower 
concentrations ofCd, Cr, Cu, Ni and Zn than 
sedge and, consequently, they appear to be 
more suitable for colonizing polluted sedi- 
ments in confijned disposal facilities. 

0 Polyaromatic hydrocarbons (PAHs) are 
considered priority pollutants. They are 
formed and released in the environment 
from different sources. In the Mackenzie 
"River, the composition of PAHs in water and 
suspended sediments indicated that the 
principal source of PAH swas from combus- 
tion processes. In Hamilton Harbour, the 
greatest concentrations of PAHs (up to 
over1000 ug/g) were found in sediments of 
an area adjacent to the industrialized south- 
ern shore of the harbour. 

O Radionuclides released under an acci- 
dental minor discharge from the Chalk River 
nuclear laboratories were used to trace the 
transport of contaminants through the 
Ottawa-St. Lawrence River system. It was 
estimated that these radionuclides reached 
Ottawa in about 40-45 days. It took an 
additional 15 days for them to reach Mon- 
treal, via the Ottawa River, and another 
three days for them to be transported to 
Quebec City. This is the first available esti- 
mate of the time for transport of material 
through the Ottawa-St. Lawrence River 
system. 

Q Contaminants associated with particu- 
late matter inputs and transport of contami- 
nants, including radionuclides, were inves- 
tigated at Port Hope, Lake Ontario. Sedi- 
ment geochemistry and concentrations of 
contaminants in suspended and bottom 
sediments suggested that recent inputs, 

- rather than resuspension of harbour sedi- 
ments, are responsible for the accumulation 
of contaminants in suspended matter in the 
harbour.



0 Elevated levels of sediment contami- 
nants (especially metals) a_nd depressed 
benthic fauna populations occur at the 
mouth of the Spanish River, North Channel, 
one of the identified Areas of Concern in the 
Great Lakes region. Results of a study con— 
ducted at the site showed an impoverished 
benthic fauna, both in number of species 
and in abundance, The distribution of the 
benthic fauna was inversely related to con- 
centrations of Ni, Cu and Zn in sediments. 

O Radionuclides originating from the 
West Valley, New York, are transported by 
the Niagara River and deposited in the bot- 

tom sediments of Lake Ontario near the 
mouth of the Niagara River. Pu-239/240 
and Am—241 originating from the West 
Valley account for 36 and 80 percent-, 
respectively, of the total inventory of these 
radionuclides deposited in this area. 

0 A numerical model for seepage erosion 
of lake shore bluffs was developed and veri- 
fied with data from the north shore of Lake » 

Erie. The model will be applicable to the 
evaluation of the erosion of shore bluffs at 
the low-level radioactive waste disposal site 
near Port Granby, Lake Ontario. 
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Figure 2. Processes studied by the $ediment- Water Interactions Project.



AIR‘-WATER INTERACTIONS PROIECT 
W._A, Glooschenko, A/Project Chief 

Introduction 

Atmospheric depositions often repre- 
sent a major source of inputs of contami- 
nants, both inorganic and organic, to 
aquatic ecosystems. Interactions between 
the air and aquatic ecos‘ys'tem,s, including 
lakes, rivers and wetlands, are therefore of 
extreme importance. ‘ 

Global climate warming is -another 
major-c’oncer'n which could have significant 
effects on aquatic- ecosystems. Lake thermal 
regimes are likely to be modified, with re- 
sulting effects on nutrient cycling, oxygen 
conditions, chemical budgets and the ecol- 
ogy of biota.» Recent interest in the global 
budget of greenhouse gases, e.g., carbon 
dioxide and methane, has raised questions 
about the role of Canada’s vast northern 
wetlands in the production of greenhouse 
gases and therefore on climate change. 

_ 

The present research objectives of the 
Air—Water lntegractions Project include stud- 
ies related to both the cycling and deposition 
of organic contaminants and metals and to 
climate change. 

Research Highlights 

0 A multi.-agency research program, the 
Northern vWetlands Project, involving 
NWRI, Canadian and U.S. government 
agencies, and six Canadian universities has" 
been initi_ated to study the exc_ha_nge pro- 
cesses of greenhouse gases (e.g., methane) 
between air" and surface in northern wet- 
lands. Methane is formedmainly by anaero- 
bic biological processes and little is known 
about the contribution of lakes and wetlands 
to the global methane budget. The research 
program has three major" components, The 
first is a cooperative study with NASA to 
measure fluxes of methane and other gases 
over the Hudson Bay Lowland. D.ifferent 

aerial a_nd land-based techniques will be 
used over a 100-km’ grid in the Kinoje Lake 
area. The.second componentoftheprogram 
is the-estab_| ishment of a ’’chemical observa- 
tory” which will be used to gather long-term 
air chemistry and climatological ‘data. The 
third partofthe program will focus on the de- 
velopment of a gas exchange model for 
wetland regions. The model will be used in 
the future for climate impact assessments. 
The Northern Wetlands Project is receiving 
major funding from the Natural Sciences 
and Engineering Research Council. 

0 In collaboration with the Hydraulics 
Project, a 30—metre gas transfer flume has 
been constructed for experimental studiesof 
the transfer of toxic chemicals across the air- 
water interface (Figure 3). Preliminary ex- 
periments with chlorobenzene have shown 
a strong dependence of the mass transfer 
coefficient on wind velocity. Mass transfer 
coefficients will be compared to a variety of 
measures of the turbulence in the gas and 
liquid phases to better understand the proc- 
esses controlling the movement of toxic 
organic chemicalscacross the air—water inter- 
face.

' 

0 Studies hav'e been done on precipitation 
chemistry at five sites in Western Canada 
a_nd samples are now analyzed for organic 
contaminants. A master sampling station 
was established at Point Petrie, Lake On- 
tario, in cooperation with the Atmospheric 
Environment Service, for studies of atmos- 
pheric deposition of contaminants in Lake 
Ontario. Little information has been ob- 
tained in the past from this area. An all- 
weather precipitation sampler was con- 
structed and is currently being tested. Water 
and suspended sediment samples were also 
collected from major tributaries of Lake 
Ontario and were analyzed for contami- 
nants in support of the Lake Ontario Man- 
agement Plan.



0 Moss and litter samples were collected 
on two transects north of Lake Superior. 
lntensive replicate samples were also col- 
lected in the Thunder Bay area to investigate 
the use of mosses, litter and peat as biomo- 
nitors of atmospheric deposition of metals 
and organics. Samples are currently being 
analyzed. 

0 Development of a paleoc,l_imatic model 
has been completed. Data on fossil ostra- 
co_des recovered from Iacustrine sediments 
were used to extrapolate monthly and yearly 
air temperatures and precipitation. Cores 
collected from Turkey Point marsh on Lake 
Erie and Grenadier Pond (Toronto) are used 
to study past Great Lakes water level 
changes over several centuries. 

<j:::l 
FLOW DIRECTION 

SE'|'|'L|NG Cl-IAMBER 

O A review of the pote’nt_ia'_l implications of 
climate warming on the Lower Great Lakes 
thermal regime and water quality has been 
initiated. Current model development has 
concentrated on the specification of heat 
and turbulent fluxes required at the lake 
surface to force thermal and water quality 
models. Application of the heat flux sub- 

_ 
model to detailed analysis of conditions 
occurring during an anomalously ”warm” 
year has provided a description of the sur- 
face heat flux conditions which contributed 
to higher lake heat storage and changes to 
lake thermal conditions (water temperature, 
ice extent, stratification season and ther- 
mocline depth). By aynalogy, the results 
provide some preliminary indication of 
potential lake responses under climate 
warming due to expected increases in at- 
mospheric greenhouse gases. 
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WATER DIRECTION 
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Figure 3. Gas transfer flume used in experimental studies of the transfer of toxic chemicals across the air-water interface.



NEARSHORE-OFFSHORE INTERACTIONS PROJECT 
K.L.E. Kaiser, Project Chief 

10 

Introduction 

Most environmental contaminants en- 
ter our lakes from local sources, such as 
effluentpipes and polluted tributaries. Once 
in nearshore waters, they are dispersed by 
various mechanisms and a complex array of 
processes control their pathways, fate and 
effects. 

The general objective of the Nearshore- 
Offshore lnteractions Project is to resolve 
existing uncertainties about the predomi- 
nant rate—controlling processes that deter- 
mine the pathways, effects and fate of con- 
taminants. Specifically, the project com- 
bines chemical, physical, statistical and 
limnological expertise to assess these pro- 
cesses. Modelling is a major activity, includ- 
ing both physical hydrodynamics and 
chemical structure/biological effect rela- 
tionships. Research is conducted mainly in 
the riverine lakes and the estuary of the St. 
Lawrence River and in the Niagara River/ 
Lake Ontario system. 

Research Highlights 

0 A review of the effects of over 500 
ch_em_icals on the microorganism Ph0tobac.- 
terium phosphoreum, commonly used in 
the Microtox test, has been published. This 
exhaustive compilation of literature and in- 
house data will be useful for the interpreta- 
tion and prediction of the effects of environ- 
mental contaminants. 

O Molecular electron density shifts in 
para-substituted aniline and nitrobenzene 
derivatives showed high correlations with 
the acute toxicity of these compounds 
computed ab initio (i.e., from molecular 
framework with standard element parame- 
ters) in the Microtox test. These results 
confirm and extend our ability to predict 
biological effects from chemical structure. 

0 Data collected at over 20 stations 
throughout the St. Lawrence River, between 

Kingston, Ontario and Quebec City, show 
that skigniificant amounts of PCBs and other 
organochlorine contaminants are derived 
both from Lake Ontario and from other 
sources.along' the river. The riverine lakes in 
the St. Lawrence do not appearto retain con- 
taminated sediments beyond a seasonal 
cycle. These results were presented at the 
First International Symposium on the ”Fate 
and Effects of Toxic chemicals in Large Riv- 
ers and their Estuaries." These data are the 
first set of contaminant values in critical 
aquatic compartments determined for the 
entire river and the Ottawa River tributary. 

0 Studies using current meters and La- 
grangian drifters in the Kingston Basin of 
Lake Ontario showed that 45 percent of the 
St. Lawrence River flow is through the north 
channel and 55 percent through the south 
channel as divided by Wolfe Island. The 
Kingston Basin acts hydrodynamically inde- 
pendent of Lake Ontario and has a circula-. 
tion structure with two hydraulic streams 
and two large-scale counter rotating eddies 
on either side of these streams. 

O The development and application of 
various computer models for aquatic sys- 
tems continued. l_n collabora_tion with the 
OntarioMinistry of the Environment (MOE), 
a model for the Toronto waterfront was 
created by coupling the organic contami- 
nant fate and pathway model, TOXFATE, 
developed at NWRI, with a hydrodynamic 
model developed by the Rand Corporation. 
Results of the model are given in the form of 
hazard plumes (Figure 4). 

O The predictive capacity of the TOXFATE 
model was verified using new field data on 
PCB concentrations from Lake Ontario. This 
model relates loadings to concentrations of 
PCB in water, sediment and fish, and pre- 
dicts the responsiveness of the lake to vari- 
ous loading scenarios. The same model was 
also applied to the Rhine River (Europe) to 
describe the _fate and effects of a major 
chemical spill which occurred in 1986.»



0 Significant progress was also achieved 
in the area of contaminant/site ranking by 
developing an expert system compatible 
with the Vector Scoring System (VSS) pro- 
posed by MOE. The resulting software ranks 
contaminants on site according» to many 
criteria, tests or attributes (weighted or 
unweighted), identifies contradictions and 
determines the most critical criteria in the 
ranking scheme, thus identifying redundant 
ijnforrfnation and contributing to cost reduc- 
tions in data collection. 

0 Mathemat_ica_l modelling of the water 
exchange between Hamilton Harbour and 
Lake Ontario through the Burlington Ship 
Canal was achieved with historical summer 
flow data. Winter and spring time exchange 
data are being collected, in collaboration 
with the Water Survey of Canada and private 
industry, using a new’ acoustic measuring 
device, both to test the device and to deter- 

mine the influence of meterological and 
shipping events on canal flow. 

0 Project staff made significant contribu- 
tions to reports of the binational Upper Great 
Lakes Connecting Channels study, particu- 
larly those on Lake St. Clair and the Detroit 
River. These reports summarize and synthe- 
size the available scientific data for each of 
the geographical areas and give recommen- 
dations for remedial activities and further 
studies. 

0 Inventories were prepared on the global 
values of natural and anthropogenic emis- 
sions of trace metals to the atmosphere a_nd 
into soils and the aquatic environment. 
Results of these budgets were published in 
the journal Nature and demonstrate that 
man's influence on the global cycling of 
most trace metals has become significant. 

ocroaen 5-9, 1981 

Toronto 
Etobicoke 

~~~
~ 

Scarborough 

Figure 4. idealized risk isostats along the Toronto waterfront in Lake Ontario. Higher values indicate higher risk. 
Computations are based on the concentrations of 29 toxic chemicals in water samples collected from October 5-9, 1987.
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LAKES RESTORATION PROJECT 
M.N. Charlton, Project Chief 
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Introduction 

Lakes, reservoirs and embayments in 

large water bodies do not always respond 
adequately to pollution controls imple- 
mented to attain specific waterquality ob- 
jectives. Such situations can be caused by 
the presence of contaminated sediments or 
by continuing" input of pollutants from un- 
controllable diffuse sources in the drainage 
basin or from the atmosphere. Other prob- 
lems for water use can be the invasion of 
aquatic weeds, siltation and oxygen deple- 
tion. 

Effective management of such water 
bodies may require basin-wide land ‘use 

controls, which can take many years to 
implement, or they can be tackled directly 
by in situ treatment. The long=t_e'r'm goal of 
this project is to identify critical geochemi- 
cal processes that can be manipulated so 
that in situ remedial technologies for the 
practical restoration of lakes and reservoirs 
can be devised, evaluated and imple- 
mented. Particular emphasis is currently 
placed on Areas of Concern in the Great 
Lakes, especially Hamilton Harbour, but 
several studies are ongoing in Western 
Canada and in smaller lakes in Ontario. 

Research Highlights 

0 Suspended particles caught by sedi- 
ment traps in Ha,m_ilt,on Harbour are just as 
contaminated as samples of surficial sedi- 
ments. Some samples are even more con- 
taminated than bottom sediments. Surface 
layers ofcontamisnated sediments are there- 
fore not buried by a layer of new uncontami- 
nated material. At some sites, however, the 
surface sediment is less contaminated than 
lower subsurface material, suggesting that a 
gradual and natural recovery process is 

occurring. The distribution of contaminants 
in the traps showed sources of polychlori- 

nated biphenyls (PCBs) in the east end of the 
harbour, while metals and polyaromatic 
hydrocarbons (PAHS) are mainly associated 
with the south and south-east industrial area 
(Figure 5). 

O Sediment toxicity screening with Daph- 
nia and Photobacterium tests revealed a 
small area of the Hamilton Harbour heavily 
contaminated with a tar deposit containing 
PAHs. As the general distribution of PA_Hs in 
the harbour seems related to this deposit, the 
feasibility of removal of the deposit is being 
evaluated. 

0 A modified Photobacterium tox_icity test 
was developed to permit the bacteria to 
remain in full contact with the entire sedi- 
mentsample, The modified test, in which 
bacteria are exposed to contaminants bound

_ 

to sediment particles, is more advantageous 
than the standard elutriate test. 

O Horizontal mixing in Hamilton Harbour 
is not strong enough to homogenize the 
harbour water. Ammonia concentrations 
vary ten-fold across Ha_mi|t_on Harbour due 
to loadings occurring only in the east end 
and to bacterial demand in the summer. 
Phosphorus (P) concentrations vary only 
abouttwo-fold. Concentration ofsoluble P is 
approximately ten times higher than spring" 
concentrations in Lake Ontario, suggesting 
that the algae in the harbour are "over- 
loaded” with P. Very large changes in P 
loading during summer would be required 
to control algae. Due to slow horizontal 
mixing, even small sources in the west end, 
although insignificant compared to total 

annual loads, may be important to summer 
water quality. 

0 Turbidity in Hamilton Harbour is con- 
trolled by algal and mineral concentrations. 
Water clarity in the ma_in harbour and on the 
north shore is controlled mainly by algal



turbidity and met the minimum standard for 
swimming during much of 1988. Turbid 
water in the east and west ends is largely a 
resu_lt of suspended soils and/or mineral 
material. These findings were used to pre- 
dict water clarity increases and consequent 
aquatic plant habitat improvement due to 
various remedial scenarios. Minor increases 
in plant habitat can be expected from de- 
creased algal turbidity. 

O The Bay of Quinte Remedial Action 
Plan is concerned with the possibility of 
sediment phosphorus (P) regeneration once 
P inputs are reduced. The importance of 
sediment P in the Bay of Quinte was assessed 
with measurements of ”bioavailab|e” P. 
Sediment P seems to be transported out of 
the area of highest P loads near municipali- 
ties. Confirmation of this would mean that 

sediment P would not prevent local water 
quality improvement, which depends 
mainly on further sewage treatment or other 
ways of reducing summer loads. 

0 Experiments conducted with the Uni- 
versity of Alberta to add oxygen to Amisk 
Lake, Alberta, were successful in maintain- 
ing 5 mg/L during the winter when the lake 
is usually a_nox_i_c. Experiments are continu- 
ing during the summer season. Lime addi- 
tion to control eutrophication was furt_her 
tested in farm dugouts, and the effects of 
earlier additions to Figure Eight Lake, 
Alberta, were monitored. Lime seems to 
control excessive algae in dugouts, a_nd ex- 
periments are now being planned to deter- 
mine if lime precipitation reactions clear ag- 
ricultural chemicals (i.e., fertilizers, herbi- 
cides and pesticides) from the water. 
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Figure 5. Iron, zinc, PCBs and individual PAHs in particles caught in sediment traps at four sites in Hamilton Harbour. 
The results illustrate the greater contamination in the industrial area of the harbour.
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RIVERS RESEARCH BRANCH 
E.D. Ongley, Director 

The Rivers Research Branch conducts 
applied research and provides policy advice 
on a broad range of water resource "issues 
associated with rivers and river basins in 
Canada. Water resource management in 
Canada is carried out within the framework 
of la,nd—water interactions. Rivers receive 
and integrate the effects of a multitude of 
anthropogenic activities associated "with 
point sources such as effluents from urban 
and industrial activities, and non-point 
sources such as atmospheric deposition, 
groundwater contamination, agricultural 
chemicals and urban runoff. Rivers are the 
primary means by which these impacts are

_ 

transferred to large lakes and oceans. 

The Branch seeks to understand the 
complex relationships involving physical, 
biological and chemical interactions in 
Canadian rivers and drainage systems. This 
knowledge base is required to meet federal 
objectives for contemporary and emerging 
water resource management concerns that 
have national and international implica- 
tions. 

The Branch is structured around five 
research projects which address contempo- 
rary and emerging national priorities: River 
Modelling; Contaminants-Pesticides; Long 
Range Transport of Airborne Pollutants 
(LRTAP); Ecotoxicology and Groundwater 
Contamination. While the projects facili- 
tate multidisciplinary research, they also 
seek to preserve the critical mass ofdiscip|i— 
nary expertise. lndividu_als often contribute 
to morethan one projectand any one project 
may provide disciplinary expertise to an- 
other project. 

Research and technology transfer activi- 
ties extend from coast to coast and include 
such diverse topics as: 
0 pesticide contaminat_ion of groundwater 

in Prince Edward Island; 
0 hydrocarbon contamination in Arctic 

rivers; . 

0 pesticide evaluation; 
0 acid rain effects and evaluation of miti- 

gation options in Quebec and Atlantic 
Canada; 

0 expert systems applications to contami- 
nant pathways in rivers in Ontario and 
British Columbia; 

0 water quality monitoring protocols in 
the Prairie provinces; 

0 hydraulic and sediment transport issues 
across the country;

‘ 

0 ecotoxicologica_l R&D and publichealth 
issues nationally. 

Branch scientists serve on a variety of 
national and international commissions, as- 
sociations and committees, and participate 
in national and international policy negotia- 
tions. They travel internationally on collabo- 
rative and consultative missions for Cana- 
dian and international development agen- 
cies and scientific organizations. They also 
serve as editors, conference chairpersons 
and organizers for a wide range of interna- 
tional activities. Many hold adjunct faculty 
positions in universities in Canada and 
abroad. The Branch also seeks opportunities 

' to improve the competitive position of Cana- 
dian environmental industries, both through 
direct R&D transfer and utilization of.interna- 
tional contacts, to identify commercial op- 
portunities for Canadian industry.
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RIVER MODELLING PROJECT 
5. Beltaos, Project Chief 

16 

Introduction 

River flow and basijn processes and their 
interaction with water quality are the focus 
of the R_iver Modelling Project. Emphasis is 
on runoff processes and transport of con- 
taminants in rivers, on the development of 
remote sensing capabilities for monitoring 
important water quality parameters, and on 
river ice phenomena such as frazil ice and 
ice jams. Model_|ing expertise in this project 
also supports activities in other NWRI proj- 
ects and there is extensive interaction with 
the LRTAP Project for expert systems devel- 
opment of acid rain models. 

Research Highlights 

0 Urban runoff is known to transport sig- 
nificant quantities of polynuclear aromatic 
hydrocarbons (PAHs), but the understand- 
ing of underlying processes is limited. In a 

’ study‘ co-sponsored by the Ontario Ministry 
of the Environment under the MISA Pro- 
gram, the major sources of PAHs at Sau It Ste. 
Marie were assessed. Areal deposition" was 
quantified in snowpack. Industry and do- 
mestic heating acco'u'nt for 40 percent of the 
total PAH loadings. PAHs originating» from 
traffic by—products generally settle in the 
immediate vicinity of roads and account for 
the remaining 60 percent. Three modes of 
PAH transport were identified: dissolved in 
the water; adsorbed onto particles; and dis- 
solved in the organic matter adhering to 
particles. The last mode explains the ob-' 
served large levels of PAHs associated with 
coarse street particles (0.2-1.0 mm). 

0 The fate of many contaminants in rivers 
is governed by the hydrodynamic transport 
of fine sediments, a process complicated by 
flocculation and consequent alteration of 
the erosional and depositional properties of 
the sediment. As a first step toward model- 

ling the transport offlocculating sedijment in 
rivers, the simple case of particle settling in 
a stagnant water column was analyzed. 
Comparison of predicted data with experi- 
mental data has been encouraging (Figure 
6). This appears to be the first model of the 
settling of fine particles, subject to floc for- 
mation, that has been confirmed with ex- 
perimental data. In addition to predictive 
analysis, new equipment is being acquired 
for laboratory and field investigation of fine 
sediment transport and related biogeo- 
chemical processes in rivers.

’ 

O Biofilm consumption can be an impor- 
tant mechanism for the removal of contami- 
nants from river systems, especially in shal- 
low, rock-lined streams. An analytical 
model has been formulated to quantify the 
processes of advect_ive contaminant trans- 
port in the main flow, diffusion through the 
viscous sublayer into the biofilm and'diffu- 
sion and reaction within the biofilm. It was 
shown that the rate of loss of substrate in the 
main flow closely follows the biofilm k_inet- 
ics so that the latter can be investigated by 
measuring main flow concentrations. 

0 A series of water quality monitoring 
devices are being developed under the acro- 
nym MOMS (multi— or mono-spectral opti- 
cal monitoring system) to e_nab|e remote or 
direct measurements on inland water bod- 
ies. These lake and river MOMS include 
ship— and bjridge-mounted upwelling and 
downwelling radiometer systems and con- 
tinuous—f|ow-through, variable-path-length 
tra_nsmissometer systems. The latter has 
been designed for indoor‘, round-the—clock 
monitoring of sediment concentrations in 

river water that is continuously pumped past 
the transmissometer sensors from a fixed 
point in the river. Field testing is to com- 
mence shortly.



0 Modelling and prediction of the winter 
regime of rivers requires an understanding of 
the formation, transport and evolution of 
frazil ice, including bottom accumulations 
known as anchor ice. _Problems associated 
with such ice forms are particularly trouble- 
some to the hydro industry. With opera- 
tional funding provided by three North 
American hydro companies, a three-yea_r 
project was initiated to study the basics of 
frazil formation and evolution. 

0 Scientific expertise was provided to 
major national and international events or 
projects: project scientists were involved in 
the organization of the 23rd Congress of the 
International Association for Hydraulic 
Research; invited lecture tours were under- 
taken to USSR, Bangladesh and Pakistan; 
invited contributions were made to 
UNESCO; and advice and guidance were 
provided to the Canadian River Ice Model 
Project. 
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Figure 6. Change in total sediment (flocculant) concentration in water as a function ‘of settling time.
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CONTAMINANTS-PESTICIDES PROJECT 
R-.J. Maguire, Project Chief 
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Introduction 

The general objective of the Contami- 
nants-Pesticides Project is to develop 
knowledge for use by Environment Canada 
in assessing the hazard posed by toxic 
chemicals released to Canadian rivers and 
receiving waters. The hazard of a given 
chemical to organisms in water or sediment 
is a function of its concentration, toxicity 
and persistence. Research is performed in 
all of these areas and, in conjunction with. 
the Ecotoxicology Project, on the determi- 
nation of effects of toxic substances on 
aquatic communities and ecosystems. Re- 
search topics are chosen in. response to a 
variety of concerns. These include gaps in 
the scientific literature, chemicals identified 
in priority lists for risk assessment (e.g.,« 

under the Canadian Environmental Protec- 
tion Act and the Pest Control Products Act), 
or in response to regional concerns. 

Research Highlights 

0 The Department of Agriculture an- 
nounced on February 28, 1989, its regula- 
tion of antifouling uses of tributyltin under 
the Pest Control Products Act. This regula- 
tion, which amounts to a limited ban, pro- 
hibits the use of tributyltin on vessels of less 
than 25 m in length. For vessels longerthan 
25 m, there will be a m_a_ximum daily release 
rate of4 micrograms oftributyltin per square 
centimetre of hull surface. It is expected that 
the Departm_ent of Agriculture regulations 
on antifouling uses of tributyltin will sub- 
stantially reduce, if not eliminate, the haz—

' 

ards to aquatic organisms in Canada. All the. 
data on the occurrence and persistence of 
tributyltin in Canadian waters came from 
NWRI. 

O Chlorinated hydrocarbons are usually 
determined after extraction at neutral pH. 
Water samples collected on the Niagara 

River at 43 dates in 1985-86 have been 
analyzed following organic solvent extrac- 
tions under acidic and basic conditions. 
Significant concentrations of PCBs and other 
chlorinated hydrocarbons, however, have 
been found in extracts of filtered water 
samples at pH 12 after the water had been 
thoroughly extracted at pH 1 . The contribu- 
tion of the basic extract to the total concen- 
tration derived from acidic, basic and sus- 
pended solid extracts ranged from zero 
percent (for 31 of the chemicals) to 100 
percent (for PCBs 15, 114 a_nd 201, aldrin 
and p,p'—DDT). Experiments with water 
from another source showed that some PC Bs 
were also recovered in extracts of basic 
filtered water which had previously been 
thoroughly extracted under either acidic or 
neutral conditions. One explanation for the 
result may be the formation of a strong 
association between a fraction of the dis- 
solved lipophilic chemicals and dissolved 

~ organic matter, an association that is resis- 
tant to organic solvent extraction at acidic or 
neutral pH, but which is at least _partially 
disrupted by extraction at high pH. These 
findings suggest that concentrations of chlo- 
rinated hydrocarbons in the Niagara River 
water, determined by extraction solely at 
neutral pH (the usual technique), may be 
underestimated.- 

O Bioconcentration patterns for contami- 
nants in native mussels (E/liptio complanata 
and Lhampsilis radiata) collected from the St. 
Lawrence River in 1985 implicate Lake 
Ontario as the source of mirex and DDT 
de_rivatives, while the Grasse River in New 
York was the major source of PCBs. Num- 
bers of PCB congeners in mussels increased 
from 21-27 in the upper river to 56-59 in the 
Cornwall/Massena_ area, mainly due to the 
appearance of di—, tri— and tetra—ch_loro- 
biphenyls (Figure 7). An average of 43 
congeners persisted in mussel tissues as far 
downstream as Lake Saint—Pierre.



O Intracellular tissue concentrations of 
free amino acids (FAA) were monitored in 
caged mussels (Elliptio complanata) ex- 
posed in situ in the Yamaska River, Quebec, 
and some of its tri_butaries. Total concentra- 
tions of FAA increased in the mantle and 
adductor muscle tissue at sites exposed to 
agricultural runoff and effluent from light 
i ndustryand sewage treatment plants. These 
same sites were ranked from poor to very 
poor in water quality using a biotic index 
based on benthic invertebrate communities. 
Condition ind ices were not correlated with 
changes in total FAA. Significant decreases 
in condition indices were observed only at 
sites downstream of municipal sewage out- 
falls. Increases in total FAA in some tissues 
of freshwater biota may thus be indicative of 
generalized stress brought on by a variety of 
factors and may be useful as a biochemical 

index of toxicity.4More research to deter- 
mine cause—and—effect is required. 

0 The toxicity of metal mixtures to algae 
was examined. A mixture of ten metals, 
each at its non-toxic Great Lakes water 
quality objective level, was extremely toxic 
to several species of algae and natural phyto- 
plankton. The metal mixtufe reduced pri- 
mary production, reproduction and enzyme 
activities. Factorial analyses of various metal 
combinations indicated both synergistic and 
antagonistic actions. The zinc-copper 
combination was the most toxic identified. 
Fractionation of natural phytoplankton from 
Lake Ontario indicated that ultraplankton 
(size <10 um) were the most sensitive organ- 
isms to metals. Diatoms a_nd dinoflagellates 
were more sensitive to metals than green 
algae. 
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Figure 7. PCB congener distributions in St. Lawrence River mussels in 1985. 
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LONG RANGE TRANSPORT OF AIRBORNE POLLUTANTS PROIECT 
D.C.L. Lam, Project Chief 
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Introduction’
_ 

The main focus of'_the Long Range Trans- 
port of Airborne Pollutants (LRTAP) Project 
is the assessment of the aquatic effects of 
acidic deposition. The research results over 
the past decade will be summarized in a 
national assessment report due to be com- 
pleted in early 1990. Under the project, a 
large data base has been assembled, includ- 
ing both research and monitoring data on 
atmospheric deposition, soil characteristics 
and water chemistry. it provides the infor- 
mation core for the integrative and statistical 
interpretation of the present status of LRTAP 
and for the model predictions of possible 
changes in the aquatic environment under 
various sulphur emission control scenarios.- 

Research Highlights ’ 

O The LRTAP Project has provided a lead- 
ershiproleon thesynthesis ofenvironmental 
data on sulphur deposition, precipitation, 
soil sensitivity, lake counts and measures, 
major chemical ions in streams and lakes, 
and biological responses, primarily for East- 
ern Canada where the impacts from acidic 
deposition are greatest. The data set has 
been assembled with the collaboration of 
scientists from Atmospheric Environment 
Service, Inland Waters Directorate, Cana- 
dian Wildlife Service, the Department of 
Fisheries and Oceans and provincial agen- 
cies. These scientists have contributed to the 
"planning and design of the interpretative 
.data presentation (Figure 8). The data, col- 
lected from over 10 000 stations, have been 
made available on microcomputers for 
interactive graphic display, using an expert 
system, RAISON (Regional Analysis by intel- 
ligent System ON a microcomputer). This 
innovative system is used to select the ap- 
propriate watershed acidification models for 
predicting changes in lake conditions in re- 
sponse to possible sulphur emission control 
scenarios. 

0 Research has been undertaken to de- 
velop a statistically sound basis for making 
inferences on the number of lakes affected 
byacidic deposition from a limited data 
source. Many of the lakes included in the 
LRTAP data set were not sampled according 
to randomized design. Toavoid possible bi- 
ases in the assessment process, a new 
model-based inference method is being 
developed for non-random samples. Pre- 
liminary results using data from Atlantic 
Canada are encouraging. 

O The hydrogeochemical response of the 
Turkey Lakes Watershed to acidic deposi- 
tion has been quantified using a _mass bal- 

‘ ance approach. Year-round measurements 
of surface water fluxes, both hydrological 
and chemical, have enabled accurate esti- 
mations of retention of sulphate ion in the 
basin. Groundwater data have also pro- 
vided valuable insights into the hydrological 
pathways of the major chemical ions, such 
as calcium and magnesium, which are re- 
leased from soil minerals in contact with 
acid. During snowmelt, calcium, sulphate 
and alkalinity were found to decrease line- 
arly with increasing stream flow, while 
hydrogen, nitrate and potassium showed 
increasing concentrations. 

6 The Turkey Lakes Watershed acidifica- 
tion model has been adapted forapplication 
to the Mersey R_iver and Moose Pit Brook in 
Nova Scotia. A new organic acid submodel 
has been developed, incorporatingasystem 
of mono-, di- and tri-valent forms of organic 
anions. Different hypotheses on the charge 
density and activity constants have been 
tested. The results show that the impact of 
inorganic acid originating from LRTAP is 

modulated by_the presence of organic acid- 
ity. Further, this modulation can vary with 
the composition of the various organic acid 
species-.,



0 Detailed field measurements of dis- 
solved organic materials show that hydro- 
phobic acids a_re the most abundant‘, humic 
acids rank second and hydrophilic acids 
rankthird in samples collected from streams 
and lakes in the Kejimkujik National Park, 
Nova Scotia-. Bioassay results show that, 
under present conditioriing, coloured Nova 
Scotia waters afford sufficient protection to 
fish alevins at about 7 mg/L of dissolved or- 
ganic carbon, and that the hydrophobic 
acids afford better protection than others. 
The humic acids can remove metals such as 

aluminum from the water column, starting at 
a pH value of 4.5. 

0 Major presentations onvthe subject of 
organic acids and their effects on the water 
chemistry of streams and lakes were made 
by scientists of the LRTAP Project at the 
Kejimkujik Conference '88, an international 
scientific conference on organic studies. 
Papers on field studies, statistical data evalu- 
ation, simulation modelling and biological 
impact were delivered and will be published 
in a special volume of Water, Air, and Soil 
Pollution. ‘ 
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Figure 8. Observed acid neutralizing capacity (ANC} for 1980-86 data summarized by aggregate for Eastern Canada. 
Each aggregate is composed of several watershedsgrouped according to common soil and water chemistry characteristics. 
The top and bottom of the box represent the 75th and 25th percentiles and the bar in the box indicates the median. The 
box is bracketed by the 1 0th and 90th percentile values. The numbers at the bottom of the boxes are the aggregate numbers 
and their location is shown on the map. The numbers on top of the boxes indicate the number of lakes included in the 
analysis within each aggregate.
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ECOTOXICOLOGY PROJECT 
B.J. Dutka, Project Chief 
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Introduction 

Ecotoxicological and microbiological 
tests are importa_n_t tools for assessing the 
impact of pollutants on water quality, sedi- 
ments and biota. These methods permit a- 
determination of the degree‘ and extent of ‘ 

con_tami_nation in the environment and the 
identification of potential ecological im- 
pacts. The principal goals of the Ecotox_ico_l- 
ogy Project are:

8 

° to develop a ”battery of‘ tests” protocol 
for the assessment of contaminant stress 
in aquatic ecosystems; 

0 to determine the geographical extent 
and the local degree of impact; 

0 to understand contaminant transport in 
rivers and streams. 

The expertise in the Ecotoxicology 
Project is also used in the provision of scien- 
tific advice to national and international 
governmental agencies and to industry on 
microbiological problems and on methods 
for evaluating the ecological significance of 
toxic contaminants. 

Research Highlights 

0 As part of the ’’battery of tests” study, 
different sediment extraction procedures 
were tested and toxicant screening tests 
were used on samples from the Yamaska 
River, Quebec-, to evaluate spatial and sea- 
sonal variability. Data will be entered into a 
computerized national data bank. A point 
allocation and ranking scheme is being 
developed and will pe_r_'mit comparison and 
‘ranking of waters and sediments. 

O A new commercial test for mutagen- 
icity/genotoxicity assessment, Mutatox, is 

being evaluated with the samples from 
Yamaska River samples. The test measures 
the abilityofa chemical orsample to induce 
a genetic or epigeneticv ch_a_nge in the test 
organisms. The test is based on the reversal 
of a dark mutant strain of Photobacterium to 
a light producing strain due to the genetic 

action of chemicals in the sample being 
tested. The Ecotoxicology Laboratory is one 
of_ two laboratories that are field-evaluating 
the procedure prior to its marketing. 

0 The adsorption of contaminants onto 
suspended matter in aquatic systems is infl u- 
enced by a variety of parameters, such as 
particle size distrib.ution, bacterial content, 
stream velocity, pH, etc. Natural suspended 
matter from the Yamaska River was used to 
study the factors controlling the adsorption 
of contaminants onto particulate matter in 
aquatic systems. Particles in the 20-40 pm 
size range were the most abundant and 
showed the greatest capacity to accumulate 
contaminant-dye and, therefore, to remove 
it from water (Figure 9). This same size- 
fraction also contained the largest microbial 
populations as determined by the direct 
microscopic counting procedure and ph_ase- 
contrast microscope. The results suggest 
that the 20-40 pm size fraction might play an 
important ro_le in con‘tam_ina_nt tran_sport. 

0 Two short courses on microbiological 
and battery-of-tests techniques were organ- 
ized by the Ecotoxicology Project: a labora- 
tory course was given on toxicant screening 
procedures to ten participants from Conser- 
vation and Protection and the U.S. Geologi- 
cal Survey, and a workshop on microbio- 
logical water quality methods was organ- 
ized at the Bioqual '88 Conference. 

0 The Academy of Finland requested the 
participation of the Ecotoxico|ogy*Project to 
provide advice on the ecotoxicology re- 

search in Finnish unive_rsities, institutes and 
private laboratories. The results of this re- 
view were reported in Evaluation of Re- 
search in Environmentael Toxicology in Fin- 
land, Academy of Finland, Helsinki, 1988. 

O A member of the Ecotoxicology Project, 
al_ong with 38 representatives from U.S. 
government, universities and contractors, 
participated in a workshop organized by the 
U.S. EPA in Seattle, Washington, to develop



protocols for the handling of hazardous 
waste sites in the United States. A major 
product of the workshop was the U.S. EPA 
manual Ecological Assessment of Hazard- 
ous Waste Sites: A Field and Laboratory 
Reference. 

0 Advice and assistance were given to the 
Canadian International Development Re- 
search Centre (IDRC) concerning a study on 
the use of simple, inexpe_nsive microbiologi- 
cal tests to assess the quality of raw and 
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potable wate_rs. A five-day workshop was 
held in Banff, Alberta, with researchers from 
eight countries involved in the research 
study and a five-day training session in bio- 
logical laboratories in St. Lucia was under- 
taken. Technology transfer from these inter- 
national studies includes a joint project, in 
collaboration with Inland Waters Director- 
ate (Western and Northern Region) and Na- 
tional Health and Welfare, to transfer the 
IDRC proposed procedures to the Split Lake 
Native Band in northern Manitoba. 
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Figure 9. Removal of contaminant-dye from the water by different particle-size fraction in suspended matter. Results are 
expressed as mg of dye removed from water by mg of dry weight of particles.
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GROUNDWATER CONTAMINATION PROIECT 
R.E. Jackson, Project Chief 
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_ 
Introduction 

Research "in the Groundwater Contami- 
nation Project is focused on the migration 
and fate of toxic contaminants in groundwa—. 
ter using instrumented field sites, laboratory 
experiments and mathematical models 
developed at NWRI and, through a coopera- 
tive agreement, at the University of New 
Brunswick. The three main objectives of the 
project are: 

A H 

0 to understand the physical and chemi- 
cal controls on contaminant migration 
and fate in sedimentary rock aquifers, 
such as liquid industrial wastes in the 
limestones of the Niagara region, and 
liquid industrial wastes in the sand- 
stones underlying Prince Edward lsland 
('P..E.|..); 

0 to develop and/or apply operational 
tools for hazardous waste site assess- 
ment and restoration of outwash aqui- 
feirs; 

0 to provide expert advice on ground- 
water pollution matters of federal con- 
cern in Eastern Canada. 

Research Highlights 

0 About 164 hazardous waste sites have 
been identified within five kilometres of the 
Niagara River on the U.S. side ofthe frontier. 

. Seepage from these sites threatens the qual- 
ity of both the Niagara River and Lake On- 
tario. During the summer of 1988, NWRI . 

scientists carried out detailed hydraulic tests 
in three boreholes drilled by the U5: Geo- 
logical Survey (USGS) in the city of Niagara 
Falls, N-.Y. Individual horizontal fractures, 
the most significant potential pathways for 
contaminant migration, were identified and 
characterized in the uppermost bedrock for- 
mations. Four or five fractures, which may 
be of considerable lateral extent, predomi- 
nate the groundwater flow regime. Results 
are to be incorporated into a three—dimen— 
sional numerical model of groundwater 
flow in the Niagara Region, currently under 
development by the USGS. 

O NWRI scientists are working with engi- 
neers from the Wastewater Technology 
Centre and various consulting firms to ap- . 

praise groundwater contamination at sev- 
eral hazardous waste sites at which federal 
funds are being spent to restore aquifers or to 
assess cleanup options. A review of past 
studies emphasizes that inadequate hydro- 
geological and chemical investigations of a 
site at the outset may lead to the selection of 
inappropjriate remedial technologies. This, 
in turn, can result in_ inefficient decontami- 
nation. 

0 A field site at Petro-Canada's Clarkson 
refinery has been developed jointly by the 
Waterloo Centre for Groundwater Research 
and NWRI. The site is being used to assess 
the importance of fracture apertures, spac- 
ings and o_rientfat_ion,s on the hydraulic prop- 
erties of sedimentary rocks. This informa- 
tion is important in the Great Lakes region 
because of the intimate relationship be- 
tween bedrock fractures and the migration 
of toxic chemicals from hazardous waste 
sites. Laboratory simulations of identified 
fractures suggest that slight variations in 

mean aperture width lead to substantiasl 
channelling of contaminants in fractured 
rock, thereby making the task of predicting 
contaminant transport in fractured rock very 
difficult. 

O The pulse interference test method, 
which is employed to determine the trans- 

‘ 

mjissivity and storage capacity of a geologi- 
cal formationlbetween two wells, is an at- 
tractive alternative to the more commonly 
used pujmping test method. The results of a 
field comparison, in which pulse interfer- 
ence and pumping tests were conducted 
between two wells, indicate that the new 
pulse interference test method is as accurate 
as the pumping—test method but less time- 
consuming to conduct and analyze. 

Q A graphical technique has been devel- 
oped to discriminate between the sources of 
aromatic hydrocarbons in groundwater.



These compounds, known as BTEX (ben- 
zene, toluene, ethyl benzene and xylene), 
may come from natural hydrocarbon 
sources, such as oil and natural gas, or 
alternatively from refined products, such as 
gasoline. The use of this technique to study 
groundwaters from a deep borehole in Sar- 
nia, Ontario, has shown that it is possible to 
differentiate zones containing BTEX from 
natural petroleum deposits and zones con- 
taining disposed industrial waste liquids 
('F_igu_re 10). 

0 Detailed chemical analysis of gound- 
waters contaminated with organic solvent 
residues at the Gloucester Landfill, near 
Ottawa, have shown the presence of several 
freon products. The parent compound is 

F113, a solvent used in chemical analysis 
and in microelectronic manufacturing. It is 

associated with several very large plumes of 
contaminated groundwater in the United 
States. NWRI scientists have discovered that 
this seeminglystable compound, associated 
with ozone degradation in the upper atmos- 

phere, is in fact unstable in anoxic ground- 
water and breaks down by reductive dehalo- 
genation and elimination reactions. While 
F113 is quite harmless, there is concern that 
the degradation products are not, in particu- 
lar F1113, an analog of the human carcino- 
gen vinyl c_hloride. 

0 Continued monitoring of pesticide con- 
tamination of the sandstone aquifer of P.E.l. 
has shown that aldicarb is extremely persis- 
tent in the acid soils beneath the potato fields 
on which it is used. In May 1988, detailed 
monitoring over the course of one month 
showed that 10 percent of all monitoring 
wells had aldicarb concentrations in excess 
of National Health and Welfare’s drinking 
water guideline of 9 ppb. At the same time, 
however, 50 percent had nitrate concentra- 
tions in excess ofthe 10 ppm guideline. This 
may suggestthat nitrate levels in the ground- 
water beneath agricultural areas in the 
Maritimes represent a greater concern than 
aldicarb contamination. 
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Figure 10. (a): BTEX residues in groundwater from natural petroleum deposits. (b): BTEX residues in groundwater from 
industrial waste disposal zones.
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RESEARCH AND APPUCATIONSTBRANCH 
J. Lawrence, Director 

The Research and Applications Branch 
conducts mis5ion—orien'ted basic and ap- 
plied research in a_reas of analytical chemis- 
try and hydraulics. It is also responsible for 
transferring research and technology to the 
operational sectors of Environment Canada 
and for providing technical an_d scientific 
services, such as current meter calibration, 
sedimentology and geotechnical services, 
and analytical quality assurance. The 
Branch also has corporate responsibility for 
third party, cost-recovery work with univer- 
sities and the private sector. 

. The activities of the Branch are organ- 
ized into three projects: Analytical Chemis- 
try; Hydraulics; and Quality Assurance. 

New, improved and more cost-effective 
analytical techniques (including laboratory 
automation) are developed and evaluated 
for the measurement of priority chemical 
and_ biochemical parameters in environ- 
mental samples. The Branch also has lead 
responsibility for analytical quality assur- 
ance for most of Conservation and 
Protection's chemical monitoring programs. 
Support is provided primarilyto: NWRI, the 
national and regional laboratories of Con- 
servation and Protection, the ferleral-provin- 
cial water quality agreements, the LRTAP 
program, the Prairie Provinces Water Board 

(PPWB) and the Great Lakes Water Quality 
Agreement. A 

Knowledge of the dynamics of water is 
sought to provide a framework for the man- 
agement of water resources and for biology 
and chemistry research in the aquatic envi- 

- ronment. The interfaces between water and 
the atmosphere, bottom sediments, and 
shore are studied to explain the mechanisms 
controlling the transport of pollutants and 
erosion. Advances are made in river metrol— 
ogy to improve management of that re- 
source. The major clients are the Water Re- 
sources Branch, Water Planning and Man- 
agement Branch, Great Lakes Environment 
Office, Environmental Protection, a_nd the 
Atmospheric Environment Service. 

Universities and private industry are 
encouraged to make use of the facilities and 
expertise of the Branch either by collabora- 
tive studies with the professional staff or by 
leasing ofthe facility, with or withouttechni- 
cal support. The Branch maintains a well- 
equipped hydraulics laboratory, sedimen- 
tology and geotechnical laboratories, and a 
”Special Clean and Hazardous Chemical 
Laboratory,” in addition to conventional 
chemical laboratories. All direct requests 
from external agencies are cost-recovered, 
in full or in part, in accordance with the 
federal policy.
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ANALYTICAL CHEMISTRY PROJECT 
I. Sekerka, Project Chief 
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Introduction 

The continuing goal of the Analytical 
Chemistry Project is to advance knowledge 
and provide expertise on environmental 
analytical chemistry. New analytical proto-_ 
cols, instrumentation and methods are es- 
sential for the assessment and management 
of water resources and for water pollution 
research, especially the identification of 
emerging problems. The objectives of the 
project are: l. 

0 to develop new and improved analyti- 
cal methods, as well as screening and 
sampling procedures, which are accu- 
rate, cost— effective, sensitive and unam- 
biguous, for the identification and qfuan-' 
tification of contaminants in aquatic 
ecosystems; 

0 to play a lead role in documentation, 
validation and standardization, of ana- 
lytical methodologies to ensure accu- 
racy and reliability of analytical data; 

0 to provide NWRI with sophisticated in- 
strumentation and facilities, such as gas 
chromatography/mass spectrometry 
(CC/MS) and the ”Specia| Clean and 
Hazardous Chemical Laboratory-;” 

0 to transfer developed methods and tech- 
nologies to the national and regional 
laboratories of IWD and a wide variety 
of other ”users”. 

Research Highlights 

0 Recently, there has been a great deal of 
concern about the environmental impact of 
the pollution created by the bleaching of 
pulp. Numerous chlorinated phenolics are 
di’sc_harged into rivers and lakes by the pulp 
and paper industry. In orderto monitorthese 
compounds, a simple, but comprehensive, 
analytical method for the determination of 
all major chlorinated phenolics in pulp and 
paper mill effluents has been developed 
jointly by the Research and Applications 
Branch and the Wastewater Technology 

Centre. The performance of the ”(_]oulden 
large sample extractor” has also been vali- 
dated for the preconcentration of pulp and 
paper effluents. 

O Boron is often used in the characteriza- 
tion and monitoring of water quality. Small 
amounts (ug/L) are present in most natural 
waters, and increasing amounts are intro- 
duced by industrial and domestic wastes. 
Boron in the form of borate is an important 
component of aqueous acid and base neu- 
tralizing capacity, an important parameter 
for acid rain studies and m_anager_nent. A 
flow injection method for boron has been 
developed at the request of the National 
Water Quality Laboratory (NWQL). It meets 
all requirements of automation, sensitivity 
and reproducibility. 

0 Acid-neutralizing capaci_ty of water is a 
parameter of great importance for studies of 
aquatic ecosystems. An automated conduc- 
tometric acid-base titration method has 
been developed for the determination of 
acid-neutralizing capacity. Performance 
was evaluated and compared with perform- 
ance of potentiometric titration». Conduc- 
tometric titration is simple, fast, sensitive 
(detection limit 0.1 ppm) and accurate. 
Relative standard deviations of the determi- 
nation increased from about 1 percent at 
high levels to about 10 percent at the 
0.1 ppm level. The system is equipped with 
a ”desktop” computer to handle data and to 
control the sample changer, autoburette and 
conductivity meter. 

0 Broad-s'pectr‘um analysis is a newly in- 
troduced concept for the classification and 
grouping of pollutants in environmental 
samples. The goal is to develop methodolo- 
gies capable of recognizing and registering 
all components of asample. The develop- 
ment and application of a congener-specific 
method ‘using dual column gas c_hro_matog- 
raphy, together with automated data han-



dling and interpretation programs, resulted 
in more objective results and a higher degree 
of confidence. 

0 An ion chromatographic method for 
simultaneous analysis of major organic and 
inorganic acids (formic, acetic, nitric, sul- 
phuric, hydrochloric and hydrofluoric) in 
precipitation samples has been developed. 
The method can also determine several 
other acids commonly present in precipita- 
tion-related samples, namely, propionic, 
glycolic, butyric, methanesulfonic, nitrous, 
hydroxymethylsulfonic, oxalic, phosphoric 
and citric acids. The method is being 
adapted for routine analysis of these acids by 
the NWQL. 

0 Supercritical fluid extraction, (SFE) is a 
time-saving technique used for efficient 
extraction of contaminants from various 
environmental samples. Two types of SFE 
have been designed—the dynamic leaching 
process is simpler, but the steady-state type 
is more economical. Both systems were 
interfaced to the capillary column chroma- 
tograph for further research of supercritical 
fluid chromatography (Figure 11). 

0 Extensive tests of the robotic flow injec- 
tion analysis-inductively coupled plasma 
atomic spectroscopy .(F|A-ICAP) system 
under the condition_s of routine daily opera- 
tion in the NWQL provided very good repro- 
ducibility, reliability and time effectiveness. 

EXTRACTION 
OTC 

EXTRACTION 
OTC 

A. LEACHING PROCESS

~

~

~ 
B. STEADY-STATE EXTRACTION 

ANALYSIS- 
OTC 

ANALYSIS 
OTC 

Figure 11. Schematics of the leaching (A) and steady-state extraction (8) illustrating supercritical fluid extraction-high 
resolution gas chromatography (SFE-HRGC) interfacing technique. P, high pressure pump; E, extraction vessel; V1, 6-way 
switching valve; V-2, on/off valve; A, accumulator; D, detector; OTC, open tubu_lar column; R, restrictor.
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HYDRAULICS PROJECT 
M. Skafel, Project Chief 
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lnt_‘_roduction 

Research in the. Hydraulics” Project fo- 
cuses on the physical dynamics of water and 
its interaction with air, sediments, shores 
and man-made structures. Studies on wave 
mechanics, river flow and sediment trans- 
port provide new knowledge for use by 
water resource man_agers and engineers in 
Environ_me_nt Ca_nada and elsewhere.» Spe- 
cial attention is given to understanding 
hydraulic processes that could lead to struc- 
tural failure with serious environmental 
consequences. 

Wave mechanics studies create new 
knowledge to advance the understanding of 
toxic gas transfer, diffusion of pollutants, 
wave prediction, lake circulation, seasonal 
thermocline development, weather fore- 
casting and climatic change. Coastal engi- 
neering studies address lake bottom interac- 
tions to understand sediment resuspension, 
shoreline evolution and wave-structure 
interaction. Fluvial engineering research is 

directed at improved understanding of fluid 
mechanics a_nd sediirfnent transport in rivers, 
the development of new and improved tech- 
niques for‘ monitoring river processes, and 
flow—struct'ure interactions. 

Research Highlights 

0 As a result of ‘a research suggestion from 
representatives of the Canadian oil industry, 
physical hydraulic model tests of a pipeline. 
in a trench, typical of Beaufort Sea designs, 
were cond_uct_ed in the wi_nd—wave flume. 
Environmental conditions in the Beaufort 
Sea necessitate pipeline trenching to avoid 
bottom scour by ice, yet existing pipeline 
design information deals a_lmost exclusively 
with flat beds. Wave—ind,uced forces on a 
pipe in a trench were measured and are 
being compared with existing design infor- 
mation for pipes on a flat bed. 

5 The variation ofwater levels in the Great 
Lakes has been examined using historical 

and archaeological evidence from the early 
17th century and _later, as well as-using water 
level simulation, results from a nume,rica_l 
hydrologic response model. Findings indi- 
cate that, over at least the last 400 years, 
climate-related variations in amaxrimum 
mean annual lake levels have probably not 
been exceeded since recorded measure- 
ments began in the early 19th century. This 
stands in contrast to previous scientific 
studies reporting episodic changes of 1 m to 
2 m in mean Great Lakes levels, lasting two 
to three centuries, as a result of climate 
change over the last .3000 years. 

0 As pa_rt of an inter.-depa,rt_menta_l techn_i- 
cal review committee, advice was provided 
on long-term shore management alterna- 
tives to reduce beach erosion and the risk of 
flooding north of Point Pelee National Park, 
Ontario. Shore processes and shore protec- 
tion methods were examined at this site. The 
recommended long-term solution is a non- 
structural alternative to convert part of the 
drained agricultural land north of the park 
back to a wetland environment. 

0 Construction of an air-tight gas transfer
T 

flume for determining mass transfer coeffi- 
cients of organic chemicals, as well as para- 
meters related to wave mechanics and 
boundary layer turbulence, has been com- 
pleted. Preliminary testing and evaluation of 
the performance of this unique facility is 

currently under way, in collaboration with 
the Air-Water interactions ‘Project. Al- 
though the exchange of organic contami- 
nants across the air—water interface has been 
recognized as an important process influ- 
encing the fate of these chemicals, the 
magnitude and even the direction of this 
transfer cannot yet be modelled reliably. A 
better understanding of the factors control- 
ling the mass transfer of toxic chemicals at 
the air-water’ interface is essential for the 
accurate modelling of the movement and 
ultimate fate of these chemicals in the envi- 
ronment.



O The final weir design for the Milk River 
at Eastern Crossing, Montana, USA, was 
selected and a series of tests to determine the 
erodibility of the sand -bed ‘immediately 
upstream of the river were completed. The 
Milk River is a sand-bed stream with an 
unstable stage—discharge relationship 
caused by shifting channel bed and migrat- 
ing sand waves. The new weirdesign should 
provide accurate discharge records so that 
the apportionment of water between 
Canada and the USA, as dictated, by the 

' 

Boundary Waters Treaty, can be satisfied. 
The work is being conducted for the Water 
Resources Branch, Inland Waters Director- 
ate, in Western and Northern Region. 

0 Extensive tests were conducted in a 
large physical model of the re—designed 
Windermere Basin (Figure 1 2), the enclosed 
body of waterat the south end of Hamilton 
Harbour. Several schemes for flow condi- 
tioning were‘ evaluated, including spur 
dikes, a weir at the outflow, a flow deflector 
at the entrance of the basin and a sediment 

trap. The aim of the study was to find the 
most effective way to minimize the transport 
of suspended sediments from Red Hill Creek 
and other sources into the open harbour. 

O Cost—recovery studies were conducted 
in the hydraulics laboratory for several exter- 
nal clients. These included a hydraulic 
model of a non-standard Pa_rsh_a_ll flu_me for 
flow measurement in a trunk sewer (Re- 
gional Municipality of York); a hydraulic 
model to determine the design wave condi- 
tions for, and stability of, a rubble mound 
breakwater (Sandwell Swan Wooster lnc.); 
special calibration tests in the towing tank of 
‘various current meters (Bedford Institute of 
Oceanography, Ontario Ministry of the 
Environment, Ontario Hydro); qualitative 
hydraulic model tests oftrench infilling rates 
due to waves and currents over a sandy bed 
(Atria Engineering Hydraulics lnc.); and 
rental of the coastal research -tower in Lake 
Ontario for radartransmission tests (Defense - 

Research Establishment, Ottawa). 

Figure 12. Windermere Basin model.
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QUALITY ASSURANCE PROIECT 
A.S.Y. Chau, Project Chief 

Introduction 

The objectives of the Quality Assurance 
Project are to provide a focal point for coor- 
dinated qual_ity assurance (QA) programs in 
Environment Canada and to ensure that 
analytical data are generally of good and 
comparable quality. Assurance of data 
quality enables the Department to provide 
authoritative and credible scientific advice 
on control and remediation strategies de- 
rived from the interpretation of scientific 
data. 

Chemical data are essential for deci- 
sions on aquatic po_llution control. Biased 
measurements can lead to errors in assess- 
ment and in subsequent control actions. in 
addition, the expense of data collection and 
interpretation makes the cost of discarding 
questionable data high. Therefore, data 
must be suitable, compatible and reliable for 
the intended use. The long-term goal of the 
Quality‘ Assurance Project is to assist with 
the development of comprehensive analyti- 
cal QA programs in Canada. 

The Quality Assurance Project plans, 
coordinates and implements quality assur- 
ance and quality control (QA/QC) pro- 
grams. It also develops Certified Reference 
Materials (CRMs)—water, sediments and 

- biota—for use in quality assurance, analyti- 
cal method development. and environ- 
mental assessment studies (Table 1). 

Project activities include: 
0 the development of management plans 

for quality assurance; 
0 advising on field, laboratory and data 

management quality control proce- 
dures; 
the development of CRMs; 

0 the design and conduct of interlabora- 
tory comparison studies. 

32 

Studies are conducted for federal, pro- 
vincial, university and private laboratories 
producing analytical data for depa_rtmental 
programs. Methodology evaluation and 
sample preservation are also carried out in 
support of these studies. 

An active program to market the prod- 
ucts and expertise of the project has begun. 
The first step has been to advertise the availa- 
bility of the CRMs developed and prepared 
by the group. 

Research Highlights 

6 In response to Saint—Basile-le-Grand fire 
emergency, a spec_ia_l interlaboratory study 
was-designed and conducted to assess data 
comparability. At the urgent request of 
Environment Protection, detailed consulta- 
tion and advice were also provided on 
QA/QC for the B.C. Mill emergency dioxin 
analyses. A multi-agency and federal-indus- 
try QA Committee was formed to provide 
QA and data evaluation for the national 
monitoring of dioxin in pulp and paper. 

9 Special sediment reference samples for 
dioxin‘ were prepared with assistance from 
the Analytical Chemistry Project, and a ref- 
erence water sample (200 bottles) for dioxin 
was prepared for interlaboratory QA studies. 
This is _a pilot study for the future develop- 
ment of a large-volume sample as.,CRM for 
dioxin. ‘ 

O A continuing study to verify the stability 
of CRMs shows that no detectable degrada- 
tion was observed for polych_lorinated 
biphenyls (PCBs), chlorinated biphenyls 
(CB5) and polynuclear aromatic hydrocar- 
bons (PAHs) after two years of storage 
at 0° C.



0 Activities continued for three national 
QA programs for inorganic parameters: The 
Federal/Provincial Agreement QA program, 
the Prairie Provinces Water Board QA pro- 
gram, and the Long Range Transport of Air- 
borne Pollutants (LRTAP) program. In addi- 
tion, the Prairie Provinces Water Board re- 

ceived a large, integrated report on labora- 
tory performance for the year. For the 
LRTAP program, three large QA studies for 
major ions and nutrients were designed and 
conducted. Computer programs were a_|_so 
developed to provide information on labo- 
ratory performance and data quality. 

Toxic Organics 

CRM/RM Sediment Year 
lde_nti_fi_ca_ti_on Source ln_it_iated . Para_meter's’r 

EC—1 Hamilton Harbour 1978 PCB , PAH 
EC-2 L_a_ke Ontario 1980 PCB*, PAH*, chlorobenzenes 
EC-3 Niagara River Plume 1982 PCB*, PAH*, chlorobenzenes* 
EC-4 Toronto Harbour 1983 PCB*, PAH* 
EC-5 Humber River 1983 PCB*, PAH* 
EC—6 Lake Erie 1986 PCB*, PAH* 
EC—7 Lake St. Clair 1987 PCB*, PAH* 

lnorganics 

CRM/RM Sediment Year Concentration 
identification Source Initiated Parameters Range (ug/g) 

WQB-1 . Lake Ontario 1974 As, Se, Hg, 1-23 
WQB-2 Lake Ontario 1974 As, Se, Hg, 1-280 

Trace metals* 
WQB-3 Hamilton Harbour 1980 As, Se, Hg, 4-1400 

Trace metals 
SUD-1 Sudbury 1982 Trace metals* 2-950 
TH-1 Toronto Harbour 1983 Trace metals* 5-1500

, 

HR-1 Humber River 1983 Trace metals* 4-1100 

Table 1. Certified Reference Materials (CRMs) and Reference Materials (RMs) developed by the Quality Assurance 
Project for the analysis of toxic organics and inorganics in sediments. 

1' Concentration levels of organic parameters range from 0.01 to 25.0 pg/g and vary between the different 
CRMs and RMs. 

* Certification in progress for some parameters.
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