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N* Environment Environnement 
Canada Canada 

Your me Volre rélérence 

Our me Nolre /élerence 

It is with pleasure that I introduce this summary of the 
research accomplishments of the National water Research Institute, Inland 
waters Directorate, Environment Canada, for 1985 and 1986. The results 
reported here address a variety of issues of national significance 
associated with the protection, enhancement or sustainable development of 
fresh water in Canada. 

In this edition, the staff report on recent progress in a 
variety of important areas, including the fate and effects of 
environmental toxicants, long range transport of air pollution, 
eutrophication and lake rehabilitation, river flooding and ice jams, 
predictive modelling and analytical methods development. The research 
encompasses the full range of scientific disciplines within lake and 
river limnology. 

The Institute is dedicated to scientific excellence and social 
responsibility. These results represent the efforts of the Institute's 
talented staff to advance and communicate new knowledge of scientific 
merit and practical importance. It is my hope and expectation that this 
knowledge will be of value in the ongoing management of Canada's inland 
water resources.

' 

D.L. Egar 
Director 

Canadiif
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EXECUTIVE SUMvMAF,tY’"‘:: 1 1 

The research accomplishments of the National Water Research Institute (NWRI), lnland Waters Directorate, Environment 
Canada, for the fiscal years 1984/85 and 1985/86 are summarized. The Institute, located at the Canada Centre for Inland Waters in 
Burlington, Ontario, undertakes original research on freshwater issues of national sign_ificance to Canada. The knowledge and 
expertise derived from its research are communicated to Environment Canada, the Canadian water management community and 
the general public for use in resolving aquatic environmental problems. _ 

Historically, research at NWRI has been conducted by five research divisions, each ‘with a particular disciplinary or functional role 
(contaminants, hydraulics, ecology, l_ake physics, analytical methods), To enhance the integration and flexibility of the Institutes 
research programs and to maintain economy and efficiency in a time of restraint, a comprehensive Project Management System 
was implemented in late 1985. Research activities were organized into a series of multidisciplinary projects, each addressing an 
issue of scientific and managerial importance. Projects will be the focus for planning and managing future research, fordeveloping 
internationally recognized expertise and for communicating resultseand their implications to users. The divisional organization was 
retained to ensure disciplinary cohesion and administrative stability.

_ A summary follows of the research and communication highlights of major, “flagship” projects during the review period. New 
projects, or groupings of projects, which have been i_mp|emented for 1986/87 are also briefly summarized. Toget_h_er, they comprise 
the core research program that NWRI will undertake over the next several years, ‘ 

Research results from the Western and No_rthern and Pacific and Yukon regional detachments of NWRI are included here for the 
last time. Effective April 1986, these two groups were reorganized as the Limnology Division of the National Hydrology Research 
institute, Saskatoon. 

Fate and Effects of Toxic Contaminants. To develop control strategies and predictive capabilities for management purposes, 
the properties, pathways, fate and biotoxic effects of toxic chemicals are being systematically characterized through ongoing 
laboratory a_nd field experiments. Highlights from the review period include the following: 

- Research on the fate of chlorophenols in the North Saskatchewan River was undertaken. Anaerobic dehalogenation was shown 
to be a critical pathway for chlorophenol degradation in this and other systems. 

- The rate of mercury methylation in sediments of the Qu’Appelle Basin of Saskatchewan was shown experimentally to be 
controlled, not by the avai|_abili_ty of inorganic mercury, but primarily by trophic conditions. 

- Studies of factors affecting methylation, demethylation and bioaccumulation of mercury by fish in northern Manitoba showed that 
elevated mercury levels are to be expected following flooding by’ northern hydroelectric reservoirs. 

- Toxicity tests using Microtox and octanol-water partition coefficients were found to parallel each other for a wide range of organic 
chemicals, including chlorophenols, anilines, benzenes, nitrobenzenes and pyridines. 

- A study to evaluate organic and inorganic contaminant pathways in the Mackenzie River was initiated in response to native 
concerns and recognized water data deficiencies. Water, s_uspended and bottom sediments and biological samples were 
collected under summer flow conditions. 

- Deformities in Chironomus larvae are being developed as in situ bioindicators to assess the ecological impact of con_ta_min,ants in 
the Saskatchewan River Basin. 

- Formation of organic coatings by colloidal fibrils in lake water was investigated. These fibrils are important for metal speciation 
changes in lake water. - 

- The effects of specific heavy metals on the metabolic activities of natural bacterial populations were evaluated, using _popu_latiojns 
from Hamilton Harbour. 

Contaminated Sediments. To aid the development of site rehabilitation guidelines, the a_vai_l_ability, biogeochemical pathways 
and effects of sediment contaminants from the Great Lakes and smaller systems are being determined. Long-term contaminant 
release from bottom sediments, which can slow recovery following point-source control, will also be quantified. Highlights include 
the following: 

- Bioconcentration factors for chlorinated hydrocarbons by aquatic worms varied with chemical structure and sediment type. The 
worms selectively accumulate chemicals from the sediments in which they live; this has important implications for fish predators. 

- Historical changes in the accumulation of pollutant metals since 1910 were determined using 2‘°’Pb dating of lake sediments. 
Metal deposition rates in lakes from Nova S_cotia, eastern Ontario and upper New York State were comparable. 

- Discontinuities were found in the vertical distribution of suspended sediments in Lake Manitoba. The results have important 
implications for redistribution of sediment contaminants in large, shallow lakes.



Upper Great Lakes Connecting Channel_s Study. This ongoing projectisideveloping the knowledge and expertise needed to 
assess the magnitude of toxic contamination of the upper Great Lakes connecting channels while protecting Canadian interests in 
support of remedial action. Contaminant and nutrient sources are being identified and quantified, biological toxicity is being 
assessed, and models to predict contaminant distribution will be developed. Highlights from the past two years include the 
following: 

- A multidisciplinary NWRI tea_m collaborated with the Ontario Ministry of the Environment in an em_ergen_cy studyto determine the 
nature, chemical composition and specific source of contaminant “puddles” discovered on the St. Clair River bottom near Sarnia, 
Ontario. The identity and source of the puddles, other contaminant sources along the river and the extent of contaminant 
transport across the border were determined. As a result, Dow Chemical removed the sediment puddles, eliminated the plant 
source and developed procedures to minimize future seepage to the river. 

- A special issue of the Journal of Great Lakes Research dealing with pollution of the St. Clair River, Lake St. Clair and the Detroit 
River was published; 10 of the 23 publications were authored by NWRI staff. Many toxic chemicals, such as HCBD, H_CB and 
OCS, were identified in the papers. Sources were suggested and pathways of movement, both spatially andinto food webs, were 
resolved. The sources, pathways, fate and effects of tributyltins, alkylleads, many persistent and bioaccumulated 
organochlorines and volati_le organics were also described. 

St. Lawrence River Rehabilitation. The degree of hazard posed to aquatic biota and humans from toxic contaminants in the St. 
Lawrence River (and upper estuary) is unknown and the expertise needed for restoration planning has not been developed. 
Research is undertaken to deter_m_ine the magnitude, distribution, loadings, principal pathways, fate and biological effects of toxics 
in the river, as well as the ecological impacts of contaminants at the mouth of the estuary. Highlights from the early phase of work 
include the following: 

- An initial cruise from Lake Ontario to Quebec city was made to collect sediment and water samples for a preliminary assessment 
ofcontaminant types, distribution and fate. 

- The surface sediments of Lake St. Louis were surveyedand maps showing the extent and size-di,stribu_tio‘n of the sediments 
prepared. 

- An intensive microbiological study of Lake St. Louis for toxicants and bacterial biomass distributions was undertaken. Over 80% 
of surface sediments were found to contain toxicants, as determined by the Microtox test. 

Long Range Transport of Air Pollutants. To improve the information base, expertise and scientific credibility for effective 
national and international management of LRTAP, a major research effort, in progress, is quantifying the biogeochemical processes 
which control the response of lakes and rivers to the deposition of acids and other contaminants in eastern Canada. Improved 
expertise in the design, conduct and interpretation of acid rain monitoring program_s is also being developed. Highlights include the 
followi_ng: 

- Sulphur stored in the sediments of the Turkey Lakes was determined, by stable isotope techniques, to occur in the reduced form, 
mostly as organosulphur compounds. Reduction of pollutant sulphujr was shown to be the most important process for the 
generation of buffering alkalinity. 

- Low pH stress on natural lake bacteria adversely affects their cel_l,ular su_rface structure, metabolicrates and ability to decompose 
organic matter. 

- Waters in the Atlantic Provinces were shown to be the most sensitive in eastern Canada to acid rain_. 
- During spring, short-terrn acidification of surface waters was shown to be strongly influenced by rain,fa_ll. In addition, nitrate 

deposition was found to be as important as sulphate deposition in influencing acidity during snowmelt. 

- Several presentations, including plenary papers, describing the research accomplishments of Institute scientists were given at 
the 1985 International Acid Rain Conference at Muskoka, Ontario. 

- Watershed acidification models were developed to assess the aquatic impacts of acid precipitation and to predict geographical 
areas at risk. .

O 

- Sphagnum moss was found to be an effective biomonitor of atmospheric metal depesition. The technique is now in use in 
representative areas across Canada. 

Water Quality Methods Development. In this ongoing project,’ new and improved analytical methodologies for the measure- 
ment of chemical and biological parameters in water, sediment and biota are developed and transferred to Inland Waters Directorate 
operational (and research) laboratories. Nation_al expertise in instr'u‘ment'ation and analysis is thereby enhanced and analytical 
accuracy, economy and effectiveness improved. Review period highlights are the fol_lowi_ng: 
- Institute staff organized and chaired two international symposia related to microbiological methodology,- the International 

Symposium on Aquatic Microbial Ecology and the Second lntemational Symposium on Toxicity Testing Using Bacteria. 
- Assistance was provided to the International Development Centre, Ottawa, to design and evaluate a three-continent study on the 

use of coliphage as an indicator of microbial water quality.



- A new method for solubllizing and measuring polychlorinated dibenzo-p-dioxins (PCDD) by aradioimmunoassay technique was 
calibrated, standardized and used for PCDD screening. 

- A flow-injection/atomic absorption method for Ca and Mg was developed and transferred to operational use. 
- A flow—injection/colorimetric method for the simultaneous determination of ammonia, nitrate, nitrite and phosphate was 

developed and transferred to operational use. This is more efficient and cost-effective than previous techniques. 
- The traditional molybdate “geo-P“ method for analyzing sediment phosphorus was modified to prevent iron (lll) interference and 

to permit estimation of the bioavailable phosphorus fraction by chemical extraction. 

- A large-volume, continuous-flow extractor was developed to concentrate organic contaminants which occur at extremely low 
levels in environdmental samples. Units a_re now operational in both the field and the National Analytical Laboratory. 

Water Quality Monitoring and Modelling Research. Improved methods of data collection, interpretat_ion, synthesis and 
prediction are required for national water quality assessment. In this project, improved chemical and biological monitoring 
strategies, data interpretation protocols and water quality simulation models are developed for inland Waters Directorate opera- 
tional use and for interpretation of Great Lakes Surveillance data. Project highlights include the following: 

.- A fundamental new strategy for mon_itoring and interpretation of toxic chem_ica|s in rivers was developed and tra_nsmitted to 
operatj_onal programs’ in Canada and the United States. 

- A comprehensive statistical assessment of the Great Lakes Surveillance Program was completed. 
- Expertise was provided to an operational reevaluation of the role and needs of sediment monitoring programs in Canada. 

- A numerical model was modified to assess various phosphorus management options for the control of eutrophication in the four 
Qu’Appe||e fishing lakes. 

- An atlas of the optical properties of the Great Lakes (photic depth, PAR, etc.) was prepared. 

Lake and River Restoration. Federal and provincial water managers require expert assistance in rehabilitating the Great Lakes 
and other regional lakes and rivers from the effects of nutrient eutrophication and macrophyte infestations. Applied, site-specific 
research is undertaken to estab|_isl_i cause-effect relationships and develop specific remedial plans. Project highlights are the 
following: 

- ln ajoint Inland Waters Directorate-Industry study of eutrophication in the Thompson River, B.C., experimental flowing troughs 
were used to determine the combined effects of physical conditions and nutrient flux rates (P and N) on periphyton growth. New 
generalizations on organic production in rivers, with major implications for water quality management, were formulated, 

- Sediment dialysis samplers (“peepers”) were used to measure regeneration and internal loading of soluble phos‘phor‘u‘s to Lake 
Erie. Fifty percent of the non-apatite sediment phosphorus is potentially regenerated. 

- Experiments with sediment traps showed that large quantities of phosphorus can be made available by natural resuspendsion of 
sediments in the Great Lakes. 

- Experimental lime treatments to restore eutrophic Frisken and Chain lakes (B.C.) were successful. Management advice on the 
use of the rnethod was provided to government agencies in British Columbia and Alberta. 

- Cladophora, a filamentous nuisance alga affecting Lakes Ontario, Erie and Huron, was found to have declined about 50% 
between 1972 and 1983, due to phosphorus reductions. 

- Harvesting experiments to control Eurasian milfcil in Buckhorn Lake, Ontario, were completed, and procedures to minimize 
adverse treatment effects developed. Numerous presentations on the impact of aquatic weeds were given to citizens groups. 

- Analysis of historical data on the recovery of Kootenay Lake, B.C., following severe phosphorus pollution, indicated only slight 
declines in phytoplankton and no changes in zooplankton, apparently as a result of nitrogen limitation and Mysis grazing. 
Controversial provincial plans to fertilize the lake by aircraft in an attempt to restore declining fish stocks were thus abandoned. 

Near-shore — Open-Lake Interactions. Point-source pollutants are usually discharged or advected into the near-shore zone of 
large lakes, a zone that is physically distinct from the open lake. In this project, the physical and sedimentological processes 
contji'o|,l,ing the movement of contaminants between the coastal and offshore zones of the Great Lakes are identified, quantified and 
modelled. Highlights of this project, which is nearing completion, include the following: 

- A comprehensive review and several synthesis reports were published on water circulation in Lake Ontario, with emphasis on 
near-shore coastal zone dynamics and the transport and fate of toxic contaminants in Lake Ontario from the N_i_agara River 
plume. 

- A major monograph on effluent transport and diffusion models for the coastal zone of large lakes was published. ~



Water Resources and Modelling. Management of water resources in its variousaspects requires knowledge and understanding 
of the movements and mixing processes of water, as well as its interactions with land and air. In this project, simulation models-are 
developed to predict the physical effects of man-made or natural alterations in the environment. Review period highlights include 
the following: 

- The MOBED river model was modified to deal with non-uniform sizes of bed material and now si_m,ul_a'tes “paving” effects. 
MOBED was applied to Qu’Appe||e River data to predict the response of theriver to the removal of meander loops. 

- The RlVMlX model was mod_i_fied to predict downstream concentrations of some classes of non-conservative pollutants, such as 
water-soluble, but volatile compounds. 

- Institute staff chaired a NATO workshop on urban pollution and contributed to UNESCO manuals on urban drainage and data 
acquisition. 

- The flow component of the HSPF model was installed on the NWRI computer, calibrated, and used to evaluate the effects of 
urbanization on water quality and quantity in the Waterford River basin. 

Inter-basin Water Transfer. To develop the interdisciplinary’ expertise and departmental credibility for effective assessment of 
future diversions, this new project will systematically identify, a_nd, if feasible, generalize about the physical, chemical and ecological 
effects of large-scale inter-basin water transfers. The initial focus is on physical processes. Highlights from this subject area are the 
following: 

- A five-year study to determine the environmental sensitivity of the large, deep, ice-covered, riverine headwater lakes of the 
Yukon River to future hydroelectric impoundments and diversions was completed. Baseline descriptions were provided of 
important physical, chemical and microbiological processes, with emphasis on ci_rcu_l_at_ion patterns and ice formation during 
winter. 

- Available information on the effects of diversions on river regimes was analyzed and reviewed. Research to develop better 
models of river dynamics, lake erosion and ice behaviour was recommended. 

Flooding and Ice. To improve ice-jam flood management, this ongoing project will acquire the knowledge needed to develop ice- 
jam forecasting methods using data on formation, transport and distribution of frazil and anchor ice. Highlights include the following: 

- Field measurements of ice growth and decay, frazil damformation and midwinter streamflow in the Yukon River were obtained in 
collaboration with the Water Resources Branch. Specific factors which may control ice-jam formation and spring breakup were 
identified. 

- An improved turbulence model to predict flood levels was developed. The model takes into account changing bed roughness as 
well as overbank flow. 

- A mathematical model of ic.e-jamming was improved so that it can be applied to channels of changing width. 

Fraser River Rehabilitation. The Fraser River Estuary in British Columbia is an area of environmental degradation. In particular, 
the effects of chemicals used in wood processing require investigation. Pathways of transport, deg'rada_t_ion and bioaccumulation of 
chlorinated phenols and related contaminants in the estuary will be determined and used as “benchmark” models for other 
contaminants. The knowledge will aid in the design of monitoring programs and the_formulation of water quality objectives within the 
framework of the Fraser River Estuary Management Program. Highlights of preliminary work include the following: 

- Background information was collated and preliminary field work undertaken to determine the fate and effects of chlorophenols in 
the estuary. Leeches were shown to be excellent biomonitors for detecting waterway contamination by chlorophenols. 

Air/Water Contaminant Exchange. This project will determine the extent to which atmospheric loading of tox_ic contaminants 
may prolong the recovery of the Great Lakes following point-source control. Data on precipitation already reveal the importance of 
this pathway. Air/water contaminant flux rates will be determined from laboratory and field experiments and novel simulation models 
to predict aerial loadings will be developed. 

- Concentrations of PCBs, alpha-BHC and lindane in rainfall were found to be relatively uniform across southern Canada, east of 
the Rocky Mountains. 

Fate and Effects of Pesticides. A departmental source of expertise and a systematic information base on ecotoxic effects of 
pesticides is needed. This project will systematically determine the pathways, fate and effects of important diffu_se-soufrce 
pesticides. Both laboratory and field experiments, primarily in eastern Canada, will be carried out. 

- A national survey of the extremely toxic, anti-fouling pesticide, tributyltin, in_water and sediment showed its occurrence is related 
to boating and shipping activities, mainly in harbours and marinas. Sunlight and bacterial degradation are the main factors 
controlling the persistence of tributyltin, which has a half-life of several months under‘ Canadian conditions.



Nutrient-Contaminant Interactions. This new project will evaluate whether the processes of bioaccumulation, biodegradation 
and sedimentation of toxic contaminants in lakes are controlled by the nutrient status and biological productivity ofthe system..An 
understanding of these complex interactions, which could determine the vulnerability of a particular lake to toxic pollution, will be 
important in the development of future contaminant action plans. 

Ground-Water Contamination. More knowledge and expertise are required for the effective management of eastern Canadian 
ground-water supplies contaminated by toxic ‘wastes and biocides. Better sa'mpli_ng, a_'na|yti_ca| and modelling techniques will be 
developed to determine the physical-and chemical processes controlling the migration and fate of ground-water contaminants. This 
new projectwill focus on dump-site contamination in international reaches of the Great Lakes connecting channels and on potential 
contamination of potable ground-water supplies in the Maritimes.



“ SENIOR SCIENTIST 
Dr. R.A. Vollenweider, the Senior Scientist of the National 

Water Research Institute, has continued to provide scientific 
leadership at the Institute. He has contributed to the reformula- 
tion of NWRI research programs, and sewed as advisor to the 
Director, NWRI. He has also been elected Chairman of the 
DOE Senior Scientist Committee. 

In recognition of his leadership in limnolo9V. Dr. Vollen- 
weider received the 1986 Tyler Prize for Environmental 
Achievement and was elected a Tyler Laureate. The Tyler 
Prize is one of the most prestigious environmental awards in 
the world. Citing Dr. VolIenweider’s research on eutrophication, 
the Tyler Prize Executive Committee described him as the 
scientist most responsible for reversing pollution in the Great 
Lakes. In addition, Dr. Vol|enweider’s scientific contributions to 
Canadian l_i_m_no|ogy and water management ‘were honoured 
by receipt of the “Frank Rigler Memorial” award from the 
Society of Canadian Limnologists, a biographica_| sketch in 
The Canadian Encyclopedia and an article in Saturday Night. 

Dr. Vollenweider was invited as keynote speaker to three 
international conferences (European Water Pollution Control 
Association Lake Pollution and Recovery, Rome; Manage- 
ment Strategies for Phosphorus in the Environment, Lisbon; 
Living in a Chemical World — Special Conference on Lakes 
and Estuaries, Bologna) and has lectured at several Japanese 
universities (Shiga, Nagoya, Tzukuba) and Japanese govem- 
mental agencies, the University of Constance in Germany, and 
the Spanish Centre for Hydrographic Studies. He was also the 
main lecturer at a Pan American Centre for Sanitary E_ngineer- 
ing course on Tropical lakes (Guadalajara) and continued as 
advisorto the_Pan American Health Organization Cooperative 
Program on Warm Water Lakes in South America, and to the 
Emilia-Ro_r_nagna Regional Go‘ve'rn‘ment in Italy, on pollution of 
the Adriatic Sea. He has been elected as international co- 
president of the International Centre for Advanced Environ- 
mental Studies, Como, Italy, and as a sponsoring member of 
the International Lake Environment Committee, Otsu, Japan. 

SCIENCE LIAISON AND COORDINATION 
The Science Liaison Coordinator (SLC), underthe guidance 

of the Director and Management Team of NWRI, coordinates 
the planning and communication of the Instit_ute’s research 
programs. 
The central focus for effective and flexible research planning 

within the Institute is the comprehensive Project Management 
System put into effect in late 1985. Research at the Institute is 
made up of interdisciplinary research projects focusing on 
priority problems or issues of national significance. 
As a member of the Management Team, the Science Liai- 

son Coordinator is responsible for ensuring the development, 
app_rova| a_nd documentation of research projects each year in 
an effective and timely manner. Preparation of the annual 
Project Directory, Annual Report, departmental Work Plan, 
monthly progress reports, special project brochures and other 
research communication documents is undertaken, or coordi- 
nated, through this office. 
The SLC also assists Division Chiefs designated by the 

Director to oversee liaison with regional and headquarters 

operational components of the ln_land Waters Directorate who 
are principal “users” of the |nstitute’s research results. Opera- 
tional research needs are evaluated for inclusion in future 
projects, either by direct contacts or through established com- 
mittees, and results of past work are commuri_ica_ted to poten- 
tial users. The SLC will also be responsible for research coor- 
dination ‘with the National Hydrology Research Institute, after it 
is reestablished at the National Hydrology Research Centre, 
Saskatoon. 

Lastly, the Office of the Science Liaison Coordinator pro- 
vides overall coordination of public information programs and 
community relations activities at NWRI, ensuring that the ac- 
compl_ish_ments of the In_stitute are communicated effectively 
and responsibly to the public at large. (Daley) 

SENIOR RESEARCH MANAGEMENT ADVISOR 
A study is in progress on year-to-year'variations in the devel- 

opment of the thermal bar in Lake Ontario from 1965 to the 
present. Work on a prediction scheme, first published in the 
early 1970s, will be updated, based largely on extensive tem- 
perature surveys carried out by the Institute. 
A general review of processes that affect the quality of 

source water for industrial or municipal intakes around Lake 
Ontario was presented to the workshop on “Impacts of Source 
Water Quality on Industrial Processes and Municipal Uses” in 
Rochester, N.Y. This workshop may stimulate better communi- 
cation of information about the extensive databases available 
on water quality in this lake. 

Environment Canada liased with the Ontario Ministry of the 
Environment and Dow Chemical of Canada Ltd. to assist in the 
cleanup of contaminated bottom sediments in the St. Clair 
River nea_r Sarnia, Ontario. As senior DOE officer on site he 
coordinated the acquisition and interpretation of video films of 
the areabefore and after cleanup and of the dredgi_ng/vacuu'm- 
ing techniques used. (Rodgers) 

WHO COLLABORATING CENTRE ON SURFACE 
AND GROUND WATER QUALITY 

The Institute is designated by the World Health Organiza- 
tion as its Collaborating Centre on Surface and Ground Water 
Quality (WHO/CC). The main functions of the WHO/CC are 
coordination of international technical assistance programs to 
developing countries and representation of Canada’s fresh- 
water interests in international forums. The WHO/CC is coordi- 
nating the establishment of a worldwide network of water 
quality monitoring stations on major rivers, l_akes and aquifers. 
The network is an integral component of the United Nations 
Global Environmental Monitoring System (GEMS). The main 
objective of this program is monitoring long-term trends in 
environmental pollution. 
The WHO/CC publishes the quarterly journal Water Quality 

Bulletin, which contains reviews of water management prac- 
tices-around the world. The year 1985 marked the 10th yearof 
uninterrupted publication of the Water Quality Bulletin, in sep- 
arate English and French editions. Over this period, approxi- 
mately 400 articles from 70 countries were published. The 
journal is now distributed in 126 countries.



The first issue of Volume 10 was devoted to water toxicity 
and its effect on human health. Under the theme Toxicity 
Testing for Water Quality, a number of bioassaying techniques 
used in different parts of the world were reviewed. The three 
subsequent issues described the experiences of 30 countries 
in their national water quality monitoring programs, in par- 
ticular the implementation of the GEMS/WATER program. 
By the end of 1985, over 290 000 measurements had been 

reported to the WHO/CC Global Data Centre from 449 GEMS 
monitoring sites located in 60 countries. The recommenda- 
tions made at the lnter-Regional Review Meeting on Water 
Quality Monitoring Programs in October 1983, and published 
in 1984 in the GEMS/WATER Data Evaluation Report, are 
gradually being implemented. A new GEMS/WATER data 
form containing a revised listing ofwater quality variables was 
distributed. Data are now also distributed on microfiche to 
participating countries and institutions. 

During the report period, study and discussion programs for 
17 visitors from Australia, Argentina, China, Japan, Morocco, 
Nicaragua, a_nd Sweden were organized, and requests by WHO regional and national offices for Canadian consultants 
abroad were processed. A variety of inquiries on water man- 
agement problems particularly from developing countries 
were also reviewed. (Barabas) 

FISH HABITAT STUDIES 

Some lake trout spawning habitats i_n eastern Lake Ontario 
appear to be affected by the presence of degrad_i_ng organic 
materials. During late September and October, large quan- 
titles of Cladophora are broken from substrate holdfasts in 
shallow near-shore areas (water depths of 3-4 m) and these 
filaments beoo_me incorporated 'wit_hi_n the interstices of nearby 
cobble-gravel deposits. Later, a similar flux of fragmented 
milfoil may add to the organic load. Aerobic heterotrophs and 
nitrifying bacteria then break down these organicmaterials, 
resulting in the depletion of dissolved oxygen and the produc- 
tion of ammon_i_a and CO2. 
Sediment "peepers” (closed cylinders, having one end fit- 

ted with a 0.45-um membrane filter) were placed in the 
cobble-gravel substrates and allowed to equilibrate. At depths 
of 6-10 cm within the substrate, dissolved oxygen levels ap- 
proached zero and ammonia levels reached as high as 
5.5 mg-L". Such values indicate that the water quaiity at 
depths where naturally spawned lake trout eggs occur is po- 
tentially lethal to developing embryos. Persistence of such 
conditions could greatly reduce the survival of eggs from intro- 
duced lake trout stocks. 

Boxes containing simulated gravel, placed flush with the 
surface of cobble-gravel substrates, were used to collect par- 
ticuiates entrapped in beach materials during late fall when 
lake trout spawn. Trapped sediments at two sites contained 
mostly inorganic sand-size particulates, high concentrations 
of black sulphide grains and H28. Fall storms probably erode 
near-shore sand deposits containing sulphide-rich layers and 
the resultant fines add to the oxygen stress within the coarser 
substrates. During summer and early fall, plankton and 
Cladophora fragments are buried in the sandy sediments, 
providing ideal conditions for bacterial sulphide production. 
These results are directly relevant to the success of the 

Great Lakes lake-trout rehabilitation program. Further studies 
are required to define the magnitude of potential problems in 
historic spawning sites and to determine the relative effect of 
different types of organic materials. (Sly) 

SPECIAL PROJECT: ST. CLAIR RIVER 
POLLUTION INVESTIGATION 

An urgent investigation was carried out in response to the 
discovery of perchloroethylene puddles on the St. Clair River 
bottom near Sarnia, Ontario. This effort was an adjunct to the 
Upper Great Lakes Connecting Channels Study (UGLCCS), a 
large, Canada—U.S. scientific investigation of the Detroit, St. 
Clair and St. Marys rivers, which began in 1984. The purpose 
of the UGLCC study is to determine the environmental impacts 
of pollution sources on these rivers as the basis for develop- 
ment of specific remedial action plans and a revised sur- 
veillance strategy. The project was requested by the Interna- 
tional Joint Commission under the 1978 Canada—U.S. Great 
Lakes Water Quality Agreement as a means to monitor the 
restoration of degraded areas. NWRI has a prominent role in 
this study. 
The National Water Research Institute together with other 

Environment Canada agencies, working closely with the On- 
tario Ministry of Environment, developed a_n integrated re- 
search plan for the St. Clair River to be completed and re- 
ported within six weeks. NWRI initiated intensive sediment 
and water surveys to define the extent of contamination in the 
study area while DOE and MOE sampled industrial intakes 
and point source discharges. Samples were also collected 
from the CNR St. Clair River tunnel and from the tunnel de- 
watering discharge. Samples were analyzed for volatile 
organics, chlorinated extractables, polynuclear aromatic hy- 
drocarbons, and chlorophenols; sediments were also ana- 
lyzed for dioxins. Some samples of sediment and water in the 
area of concern had already been collected by NWRI prior to 
the perchloroethylene spill. Analyses of some of these sam- 
ples were accelerated for inclusion in the report. in addition, 63 
cores of bottom sediment plus overlying river water were ana- 
lyzed to complement earlier sampling by MOE and the Univer- 
sity of Windsor. To assist EPS and MOE, NWRI also analyzed 
about half of the industrial and municipal intake/effluent sam- 
ples used for source characterization. 

Parallel to this contaminant investigation, NWRI was asked 
to aid MOE and Dow Chemical in the spill cleanup. The prin- 
cipal activity was the use of a video camera, mounted in a 
remotely co,ntrol_led (cable) observation vehicle, to monitor 
bottom conditions during the dredging of sediments by Dow. in 
addition, scientific advice was provided on hydraulics and 
chemistry questions related to the puddle, or “blob,” material. 
The initial major dredging operation was completed on De- 

cember 23, 1985, and the St. Clair River Pollution Investigation 
report was released on January 24, 1986. NWR_l is responsible 
for following up certain recommendations of the pollution re- 
port, especially with regard to ambient conditions. Additional 
work is planned under the auspices of the UGLCC Study. In 
addition, because the puddles reformed after dredging was 
complete, NWRI assi_st_ed MOE‘ with regular inspections. As 
the puddle sources were identified, measures to prevent loss 
of material downstream were put in place and revacuuming of 
the puddle material undertaken. 
The Institute contributed greatly to the scientific aspects of 

the St. Clair River Pollution report, espec'ia|_|y with respect to 
the "perchloroethylene” puddles, ambient sediment and water 
conditions, and data interpretation to pinpoint contaminant 
sources. 

_ _, 

For example, the comparison by NWRI of Dow effluent data 
with data on the chemical composition of the puddles in the 
river, togetherwith certain Dow findings, resulted i_n the major 
effort by Dow to track and eliminate the sources of con- 
taminant on the plant site missed in earlier monitoring. The 
Dow response included major excavations on the plant site,



removal of one complete drain system from service, develop- 
m_ent of techniques to minimize future seepage to the river, 
improved monitoring, improved staff awareness of potential 
environmental hazards in their work, and improved systems 
for controlling potential spills and contaminated runoff. 

Institute research has also pinpointed other sources of 
perchloroethylene, volatiles and hex tars along the shore of the 
river and has clea_rly shown that contaminants released at the 
Canadian shore show little, if any, transport across the Ca- 
n‘ad_a/U.S.A. boundary within the 8- to 10-km stretch of the St. 
Clair River studied. 

Finally, NWRI work on ‘urban runoff and on mass transport of 
materials down the river, in conjunction with point-source data-, 
has allowed critical judgements to be made on the relative 
importance of varioussources along the river and onthe fate of 
released chejmica,Is. (Rodgers, Lawrence). 
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AQUATIC ECOLOGY DIVISION 

The Aquatic Ecology Division is made up of specialists in 
the fields of Iimnology and paleolimnology, microbiology, geo- 
chemistry, algal and invertebrate ecology, statistics and plant 
physiology. The Division addresses departmental issues re- 
lated to environmental degradation and ecosystem health, 
particul_ar|y in the area of nutrient and contaminant control, 
lake restoration, acidification, management of aquatic weeds, 
and water quality monitoring (both chemical and biological). 
The Division is organized in three multidisciplinary sections: 
Ecological Impact, Great Lakes Rehabilitation, and Nutrient 
Pathways. 

ECOLOGICAL IMPACT SECTION 
The Ecological Impact Section conducted research in the 

following areas: long-range transport of atmospheric pollu- 
tants (LRTAP) with emphasis on geochemical aspectsof lake 
acidification, p_eat|and development and its impact on water 
quality, paleolimnology, and statistical methodology for water 
quality interpretation. The LFlTAP-related studies dealt with 
the use of sulphur isotopes as tracers; metal profiles in sedi- 
ment cores and the release of metals fro_m sedi_ment upon 
acidification; the characterization of natural acidity; and the 
use of diatoms as paleolimnological indicators of pH and of 
Sphagnum moss as a bioindicator of atmospheric deposition 
of metals. The emphasis of the peatland study was the ecolo- 
gical impact of the mining of peatla_nds on the receiving waters. 
One paleolimnological study concentrated on the use of proxy 
climatic data. 

Lake Acidification. The sources of sulphur pollution and the 
sulphur reactions resulting in endogenous production of al- 
kalinity in lakes are critical issues in the current debate about 
acid rains and lake acidification. The variations in the isotopic 
signature of the sulphur can, in fact, be used to fingerprint its 
sources and trace its behaviour in softwater lakes. In the 
Turkey Lakes watershed, pronounced seasonality in t_he iso- 
topic composition of bulk precipitation was found. The ob- 
sen/ed depletion in 32S suggests a significant contribution of 
biogenic sulphur to the atmospheric sulphur loading in the 
region. The isotopic composition of the lake water, however, 
shows no comparable seasonal variation and, on an annual 
basis, is very close to the mean value for the bulk precipitation. 
Most of the sulphur stored in the lake sediments is in the 
reduced form, mostly as organosulphur compounds. The con- 
version of pollutant sulphate to the reduced forms is believed 
to be an important process which is generating significant 
quantities of ‘alkalinity in this watershed. (Nriagu) 
Lake sediment. often maintains a historical record of the 

recent increase in the flux of toxic metal pollution into the 
lake basin. Such sedimentary metal reservoirs can become 
mobilized and released to the water column during lake 
acidification. 
From the 21°Pb dating of the sediments, the historical 

changes in the accumulation of pollutant metals since 1910 
have been determined. Metal depositional rates in lakes in 

Nova Scotia are comparable with those of the remote lakes in 
Ontario (Algonquin Provincial Park) and the Adirondack Moun- 
tain lakes (New York). V

A 

A simple mass conversion model based on rare earth ele- 
ments suggests that only 40% to 60% of the pollutant metal 
flux into lakes is retained by the sediment. The low retention 
rate can explain the large intra-basin and intra-lake variations 
in metal content of sediments and has major impl_ications in 
terms of 21°Pb dating and the use of pollutant metal profiles in 
the historical monitori_ng of environmental changesrassociated 
with acid rains. 
To characterize the chemical interaction between the dis- 

solved and particulate metal species along a pH gradient, pore 
water (in situ) was sampled at close intervals above and below 
the sediment-water interface from two acid lakes in Kejimkujik 
National Park, Nova Scotia. Concentrations of selected pollu- 
tant metals including Pb, Zn, Fe, Al, nutrients and rare earth 
elements were _measured. Preliminary data for S04, Al and- 
PO4-P in the pore water show a close relationship between pH 
and the nutrient cycles in the lake sediment column. Rela- 
tionships between trace metal profiles and hydrogen ion pro- 
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headwater streams; PEB L. — Pebbleloggitch lake, 
coloured; BEAY L. — Beaverskin Lake, clear; I-IA - 
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duction/consumption are currentlybeing’ investigated. 
(Nriagu, Wong) 

Natural acidic waters ‘were also studied to understand the 
effects of anthropogen_ic acidification of aquatic systems. A 
comprehensive study of the character of naturally occurring 
organic acids present in lakes and rivers in southwestern Nova 
Scotia has been undertaken. Results of seasonal sampling 
from several sites in Kejimkujik National Park and the Mersey 
and Clyde rivers indicate that the character of dissolved 
organic matter (DOM) changes with the annual hydrologic 
cycle. Most of the DOM can be classified as fulvic acid, the 
bulk of which consists of hydrophobic acids. Figure 1 shows 
the relative acidic character of some of our samples grouped 
by sample type. Nearthe mouths of rivers, a marked increase 
in the relative amounts of humic acid is evident. As humic acid 
is thought to be a diagenetic product of condensation reactions 
involving fulvic acid (fractions), this may be evidence that 
changes of characteroccur along the course of rivers. These 
changes may in turn affect the metal-binding capacity, acid 

. strength, and liability of the DOM. (Bourbonniere) 

Acidification History. The spatial variability in diatom frust- 
ules as paleoindicators of lake acidification was described for 
three Precambrian Shield lakes i_n the Dorset region of south- 
ern Ontario. 
Three statistical approaches were used to determine the 

amount of variability in the surface diatom assembl_ages of the 
three study lakes: (1) clusteranalysis, (2) single and multivari- 
ate analysis of variance, and (3)4analysis ofvariance compo- 
nents. The results, m_utua|ly collaborative, indicated that all 
three lakes had a significant am_ou_nt of heterogeneity in the 
species composition of their surface diatom assemblages. 
Hence, one or a small number of random samples cannot 
adequately represent the “average” diatom flora of a lake. 
Samples regarded as being most representative of the whole - 

lake occurred in the flat profundal regions located away from 
the deepest sediments. Factors influencing the species dis- 
tributions included habitat characteristics, basin morphometry 
and allochthonous sources of diatoms. (Glooschenko) 

Studies on the paleolimnology of acid susceptible lakes 
have been completed. The diatoms of the Turkey Lakes sys- 
tem show l_ittle, if any, impact by atmospheric loading in the 
area. (Delorme) 

Atmospheric Transport of Pollutants. Studies have been 
conducted on the use of Sphagnum moss as a biomonitor of 
the atmospheric deposition of metals. Previous work has con- 
centratedon point sources of metals in Ontario and Quebec, 
with emphasis on the smelters at Sudbury and Flouyin- 
Noranda. Also, background levels of metalswere determined 
in remote areas of Ontario. In general, eastern Canadian 
mosses exhibited high contents of metals except in northern 
remote -areas such as the Hudson Bay Lowland, the lower St. 
Lawrence River Valley and Labrador. This increased metal 
level in eastem Canada is undoubtedly related to the high 
urbanization and industrialization in the area. Sampling has 
been extended to boreal sites in western Canada from Man- 
itoba to coastal British Columbia, and as far north as Yellow- 
knife, N.W.T. Preliminary results indicate that metals are low 
and similar in concentration to those in remote, northern areas 
of eastern Canada. Exceptions included sites located near the 
smelters at Flin Flon and Thompson, Manitoba. Especially 
noticeable was lead, which was approximately one-quarter the 
level found in eastern sites and indicative of lower automobile 
density in western Canada. This study shows that Sphagnum 

12 

- tmosses serve as valuable biomonitors of metal deposition. 
(Glooschenko) 

Peatland Drainage. The utilization of peatlands for fuel or 
horticultural purposes is becoming more extensive in Canada. 
These activities involve the drainage of bogs prior to harvest- 
ing. Local modifications of the hydrologic regime may cause 
significant changes in water quality downstream, which can 
have an adverse ecological impact. Two sites were chosen to 
study such effects: Barrington Bog, Nova Scotia, and Sept- 
lies, Quebec. At Barrington Bog, seasonal samples were 
taken from a proposed fuel peat harvesting site, its natural 
drainage creek, and the estuary into which it flows. At Sept- 
lies, samples were obtained from three bogs and their drain- 
ages which were at differing stages of development for horti- 
cultural peat. 

Dissolved organic matter (DOM) that drains from these 
bogs is predominantly acidic and can be c|assified_as fulvic 
acid. The DOM in pore waters from deeper layers of the peat 
contains a greater proportion of humic acid. During periods of 
low flow (dry summer), the humic acid content of the natural 
drainage waters is increased relative to wetter periods. This 
suggests that drainage during drier periods comes from a 
greater depth in the bogs, exactly what would be expected 
following ditching. This change in character of the DOM in bog 
d_rainage may affect its acid strength, metal-bifnding capacity, 
and lability. 

Profiles of major and minor elements were determined in 
pore water samples from a coastal bog (Barrington) and a 
continental bog (Ontario). Bog waters are depleted in Na, K, 
Ca and“Mg relative to “normal” fresthwaters. This fact cou- 
pled with their high DOM content means that bog waters are 
ideally suited for formation of metal-organic complexes. 
(Bourbonniere, G/ooschenko) .

~ 

Paleolimnoiogy. During the past two summers, 12 cores 
have been collected from small lakes in Saskatchewan and 
Alberta. The study is supported by the Canadian Climate 
Program. The goal is the development of climatic proxy data to 
investigate the relationship between surface water chemistry 
and climate. The core from Hu_m_boldt Lake, Saskatchewan, 
shows fivewet periods in the past 120 years (Fig. 2). This was 
preceded by three periods when total dissolved solids in- 

creased by 88%. (Delorme) 

Statistical Analysis of Water Quality Data. For many en- 
vironmental issues, such as lake and river water qua_l_ity, toxic 
substances and acid rain, a common element is the need to 
know whether con_diti_ons have changed. The role of statistics 
is crucial here because there exist a number of sources of 
variation, and the apparent level of change must be compared 
with an appropriate level ofvariability. The results have been of 
two types»: data analysis, and method development and identi- 
fication. Pollen and diatom concentrations in sediment cores 
have been analyzed for changes ‘with depth. Toxic con- 
taminant data have been analyzed, and on the basis of three 
sets of data, it was concluded that an increase in loading of 
contaminants to the Niagara River is occurring between Fort 
Erieand Niagaraeon-the-Lake. A procedure for grouping multi- 
ple depth profiles on the basis of similar form has been devel- 
oped andthis should permit statements about change with 
depth to be made for homogeneous groups of profiles. To 
facilitate statistical analyses, a Fortran program for estimating 
abrupt changes has been made available in a report, and a 
collaborative project has been unde_rtaken to prepare a data 
analysis and presentation manual for the Water Quality 
Branch. (Esterby)

'
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GREAT LAKES REHABILITATION SECTION 
The Great Lakes Rehabilitation Section continued work on 

research projects related to the Canada—U.S. Agreement on 
Great Lakes Water Quality. Projects included work on internal 
nutrient loading of lakes, availability of non-point phosphorus 
loads, oxygen in Lake Erie, trends in Lake Erie water quality, 
nutrient and contaminant movement in the St. Lawrence River 
and Lake St. Clair, and the ecology and potential control of 
nuisance macrophytes. 

Lake Erie. A compilation of historic water quality data contin- 
ued as a way of documenting the eutrophication cleanup car- 
ried out under the Agreement. The oxygen depletion in the 
bottom layer of the Central Basin has been of concern for many 
years and could be expected to improve under present con- 
trols but become worse it controls were relaxed. Our research 
has shown that oxygen levels at the end of the summer de-- 
pend greatly on the weather. Figure 3 shows that there has not 
been a clear trend to higher oxygen levels over the last 
15 years of nutrient reductions. Surveys conducted using our 
NWRI profiling equipment revealed widespread low oxygen 
conditions in 1985 owing to prolonged stratification. On the

~ ~~ 

Comparative interpretive profiles of total dissolved solids with three climatic p_a'.rar'net_ers for a core from Humboldt Lake, Sask. 

other hand, algal populations measured by chlorophyll have 
decreased by -38% from 1969 to 1978. Transparency, like oxy- 
gen, is quite variable, but the offshore waterstpermit visibility of 
a Secchi disk to a depth of m, which is more than acceptable 
for recrea_tiona_| use. The NWRI oxygen/temperature profiler 
performed well in 1984/85. A calibrating water bath was con- 
structed and engineering developments progressed toward an 
expanded prototype incorporating turbidity, conductivity and 
pH sensors. (Dobson, Charlton) 
The response of lakes to nutrient loading changes depends 

on storage a_nd release mechanisms in the sediments. Experi- 
ments with sediment traps h_ave shown that large quantities of 
phosphorus are made available by natural resuspension of 
sediments. A new effort was made to quantify the internal 
loading by diffusion of soluble nutrients. Dialysis samplers 
were installed in the lake bottom and permitted to equilibrate 
with the pore water before they were removed for chemical 
analysis. Results (Fig. 4) show that soluble phosphorus (SRP) 
is regenerated at very high concentrations in the sediments. 
These regeneration processes may supply significant 
amounts of phosphorus to the lake water. A statement of the 
overall importance of internal loading is being prepared. 
(Rosa) 
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(SRP) and hypolimnion nitrogen during stratification 
in Lake Eric.

V 

Sediment Chemistry. Studies of sediment phosphorus 
forms have shown that approximately 50% of the non-apatite 
phosphorus (NAIP) canpotentially be regenerated, Over the 
last five years, the oxidation status of Lake Erie sediments has 
improved. This suggests that while regeneration due to anoxia 
should become less frequent, an anoxic situation would result 
in massive release. Lake Ontario sediments in the Kingston 
Basin were more reduced than Lake Erie sediments. The 
bind_ing capacity of Lake Ontario sediments is about 3500 
t-yr‘, which is consistent with target phosphorus loads. Stud- 
ies of iron-sulphur compounds in lakes of British Columbia and 
Alberta have revealedthat in Figure Eight Lake, the use of 
copper-based algicides resulted in the disruption of normal 
sulphate-reducing bacteria in the bottom sediments. This 
changed iron—su|phur—phosphorus relation_sh_ips in the water. 
(Manning) 

Lake St. Clair. As part ofthe Canada/Ontario/U.S. Upper 
Great Lakes Connecting Channels Study, a sediment trap 
study and water quality surveys were conducted in Lake St. 
Clair in 1985. The sediment traps collected samples of con- 
taminated suspended sediments. The rate of accumulation in 
the traps was much higher than in deep lakes, which means 
that most of the part_iculate material in the water is derived from 
resuspended sediments. The study was coordinated with 
members of the Aquatic Physics and Systems Division, 
Hydraulics Division and En_vironmental Contaminants Divi- 
sion. Analyses of contaminants in the samples will be related 
to industrial effluents in the St. Clair River. (Charlton, Dobson) 

St. Lawrence River. In cooperation with the Environmental 
Contaminants Division and ln_la_nd Waters Directorate- 
Quebec Region, a survey of benthic invertebrates was con- 
ducted in the St. Lawrence River between Cornwall and Trois- 
Rivieres. A sparse but diverse fauna was found at most sites. A 
collection of large clams was returned to the laboratory for 
contaminants analysis. The St. Lawrence carries a consider- 
able suspended sediment load and this was sampled using 
sediment traps. Despite the currents, the traps caught enough 
sediment for analyses of moving contaminants. The sediment 
traps proved to be an efficient way of collecting integrated 
suspended sediment samples. (Charlton) 

Macrophytes. The invasion of lakes by Eurasian watermilfoil 
has created aesthetic damage and reduced recreation oppor- 
tunities. The ecologically sound control technology of harvest- 
ing has not achieved long-term control. Short-term harvesting 
experiments have demonstrated control extending only to the 
year after harvesting; long-term experiments were necessary 
to determine whether the efficacy of harvesting could be en- 
hanced. From 1981 to 1984, we conducted a double harvest 
each year in a 2-ha plot in Buckhorn Lake, Ontario. A reduction 
in biomass was achieved (Fig. 5). The areal density of milfoil 
plants decreased and individual plants were smaller. Effects 
on tissue chemistry and sediment chemistry were observed. 
The results of these experiments were interpreted and in- 

cluded in a report, the subject of which was how to maximize 
the control effect of harvesting. 
The nuisance alga, Cladophora, grows in rocky shoreline 

areas of Lakes Ontario, Erie and Huron. Storm events can 
result in aesthetically unpleasant accumulations on beaches. 
Cladophora was sampled in Lake Ontario during 1972 and 
again in 1982/83 to determine whether the phosphorus control 
program had resulted in a reduction of Cladophora productiv- 
ity. The lakewide average biomass had decreased by 58% and 
the lakewide average tissue phosphorus had decreased by 
59%. The tissue phosphorus concentrations did not limit 

growth in 1972 but were low enough to limit growth in 1982/83.
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Figure 5. The effect of harvesting on milfoil biomass. DW — dry weight. 

Numerous presentations were made to citizens’ groups con- 
cerned with the impact of macrophytes on their usage ofwater 
resources. Predicted growth rates are now also limited by 
tissue phosphorus (Fig. 6). (Painter) 
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NUTRIENT PATHWAYS SECTION 
The Nutrient Pathways Section continued to research lake 

restoration t_ech_n_iq‘ues, taste and odour problems in municipal 
water supplies, the effect of toxic substances and nutrients on 
biological processes (i.e., algal and bacterial productivity and 
metabolic activities), and the functional roles of selected 
organic substances found in lake waters. 

Microbial Ecology. The effect of certain heavy metals on the 
metabolic activities (3H-thymidine incorporation into DNA) of 
the natural bacterial population foundin Hamilton Harbour was 
tested. The organisms were found to be very sensitive to 
mercury’ (EC5o = <0.001 ppm) and copper (E050 = 0.027 
ppm). The organisms were affected to a lesser degree with 
aluminum and cadmium (EC5°s of 0.29 and 1.40 ppm, respec- 
tively). The incorporation of thymidine was not affected by the 
presence of 50 ppm atrazine. A DNA purification procedure 
was modified a_nd used to improve the accuracy of bacterial 
productivity determ_i_nat_ions. (Bujmison) 
One of the highlights in this field was the International Sym- 

posium for Aquatic Microbial Ecology held at the Canada 
C'ent_re for Inland Waters on May 13-15, 1985. Thirty-five 
speakers from nine countries presented their current research 
interests. (Burnison, Rao-Analytical Methods Division) 

Natufral Organics. Colloidal fibrils in lake water were investi- 
gated for their capacity to form organic coatings. Suspended
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Figure 7. 

organic particles (>5-).l.fT'| diameter) usually displayed a_n ex- 
temal coating of fibrils. In the interior of complex mixed parti- 
cles (whose size was the consequence of the aggregation of 
smallerparticles), fibrils were identified as the adhesive mate- 
rial between smaller particles. Thus fibrils appear to modulate 
sedimentation of smaller particles by two mechanisms: (1) as a 
surface “lubricant” to affect drag reduction and (2) as a natural 
“glue” to facilitate flocculation. From this information one can 
speculate that many particle-contaminant interactions cannot 
be modelled properly unless fibril modulation of the interac- 
tions is considered. In ajoint Aquatic Ecology Division—Univer- 
sity of Geneva study, a technique was devised to isolate an 
undegraded fulvic acid fraction from lakewater Using purified 
isolates of the native fulvic acid, the aggregation properties 
(loss from solution onto surfaces) of this 
substance were characterized. Using physico-chemical tech- 
niques, colloid formation was described in terms of changes in 
molecular weight, degree of hydration and fulvic-fulvic acid 
interactions. Surface-facilitated dehydration was revealed as 
the mechanism for the formation of organic colloidal coatings 
from fulvic acids in the dissolved state. The improved under- 
standing of these mechanisms may permit new insight into 
metal speciation changes in aquatic ecosystems and 
design schemes for fractionating lake water by ultrafiltration. 
(Leppard)

m 

In cooperation with the Water Quality Branch, Western and 
Northern Region, and the city of Regina, Saskatchewan, sam- 
pling and analysis for taste and odour compounds were car- 
ried out on the local water supply during the summer of 1984. 
The results were incorporated into a larger study commis- 
sioned by the cities of Regina and Moose Jaw prior to com- 
mencement of granulated activated carbon filtration at the 
Buffalo Pound Water Treatment Plant (BPWTP) for taste and 
odour removal. The city of Regina was also interested in spatial 
variations of taste and odour compounds throughout the city to 
determine whether they could be produced in the distribution 
system. Quantitative analyses for geosmin and 2-meth- 
ylisoborneol were carried out on samples from the distribution 
system and on t_he raw and finished waterfrom the BPWTP. 
Geosmin was detected inmost samples, while 2-meth- 
ylisobomeol was absent. Maximum concentrations occurred 
i_n late August, (Fig. 7). The higher concentrations observed in 
the finished water may be explained by (1) the analytical 
method giving lower recovery of geosmin from raw water sam- 
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ples or (2) geosmin being released from algal cells which 
break’ open during the water treatment process. Current evi- 
dence supports this latter possibility. (Brownlee) 

Lake Restoration. Advice on lake restoration techniques 
has been given to various provincial agencies for a_ number of 
lakes. Understanding the cycling of iron in lakes is very critical 
in the selection of the proper method of restoration. Studies-on 
Frisken and Chain lakes, British Columbia, have shown that 
both lakes have sediments rich in pyrite. The-formation of 
pyrite is thought to contribute to the establishment of iron 
limitation common in lakes on the Thompson Plateau, B.C. 
The lime treatments of Frisken Lake in 1983 and 1984 have 
had a long-term effect on improving water clarity. Figure 8 
shows that phosphorus concentrations -were lower than pre- 
treatment values an_d similar to data from the summer the lake 
was treated. Chlorophyll concentrations were lower than pre- 
treatment but not as low as the summer the l_ake was treated 
(blue-green algal blooms were blocked throughout the sum- 
mer of 1984). Lime treatment also resulted in a 50% reduction 
in the dissolved organic carbon (DOC) in the lake water. The 
removal of the DOC resulted in an enhanced efficiency of lime 
treatment. In Figure Eight Lake, Alberta, which had previously 
been treated with copper sulphate, analyses indicated that 
pyrite formation had been restricted and bacterial a_ssi_milation 
of acetatesuppressed in the lake sediments. Coppertoxic_ity is 
thought to be the cause of the amphjpod collapse and chi- 
ronomid avoidance of the surface sediments. (Murphy) 
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Nutrient Limitation. A joint Aquatic Ecology Division- 
Aquatic Physics and Systems Division collaboration on Lake 
Ontario integrated the influence of wind and ter_nperat'ujre on 
currents and stratification patterns with nutrient-studies (Water 
Quality Branch—Ontario Region, and the Aquatic Ecology Divi- 
sion). Seasonal patterns for nutrient changes were observed 
across a transect cros_sing the l_ake from Port Hope. Phys- 
iological indicatorsfor phosphate deficiency were compared to 
determine the duration and degree of phosphate limitation of 
phytoplankton growth. Rates of regeneration of nutrients by 
zooplankton grazing were calculated and the sizespectrum of 
the plankton related to the degree of nutrient deficiency. The 
rates of recycling of phosphorus within the trophogenic zone 
were calculated and a detailed flow diagram was" prepared. A 
special issue of the Canadian Journal of Fisheries and 
Aquatic Sciences (in preparation) will contain articles relating 
to Lake Ontario nutrient assessment. (Lean)
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AQUATIC. PHYSICS AND“ 
SYSTEMS DIVISION 

The Aquatic Physics and Systems Division conducts inte- 
grated and multidisciplinary research programs in general 
areas of p_h'ysi_cal limnology, environmental optics and remote 

- sensing, environmental model_|ing and simulation and acid- 
ification of aquatic systems. The Division contributes to man- 
agement of Canadian freshwater resources on two levels. 
First, it contributes to the fundamental understanding of phys- 
ical processes and to the elucidation of interactions between 
components of aquatic systems. Secondly, through the appli- 
cation of models, the Division achieves an appropriate level of 
synthesis for identification and assessment of Water manage- 
ment alternatives in complex aquatic systems. The Divisior_1 
provides support for Data Management, archiving and compu- 
ter programming assistance for NWRI research programs and 
the WHO Collaborating Centre. These responsibilities 
are shared among four sections: Physical Limnology, Envi- 
ronmental Simulation, E_nviro,nmen_ta| Optics, and Data 
Management. 

PHYSICAL LIMNOLOGY SECTION 
The goals of the Physical Limnology program are to de- 

scribe and quantify physical processes such as mean trans- 
port and turbulent mixing to assist the interpretation of 
biol_ogical and chemical experiments, surveillance measure- 
ments, and to provide input_ to water quality concerns involving 
the transport and dilution of contaminated effluents. To 
achieve these goals the Section collects field observations, 
analyzes and interprets data, and synthesizes results through 
theoretical and modelling studies. Most ofthe Sections work 
supports multidisciplinary NWRI programs. Other clients and 
collaborators are provincial agencies (Ontario Ministry of the 
Environment, Ontario Ministry of Natural Resources, Ontario 
Hydro), municipal authorities and consulting engineers. 

Lake Erie Studies. Although the synthesis report of the 1979 
and 1980 Lake Erie experiments has been delayed, and will 
now be a special issue of the Journal of Great Lakes Research 
in early 1986, further scientific progress has been made. A 
strong coupling between transient thermal structure and near 
inertial period currents has been demonstrated. This has been 
confirmed by analysis of data from the prototype profiling 
system GVAPS. A successful finite-element storm surge 
model, a first of its kind, has been developed and tested on the 
Lake Erie data set that includes data from deep water tide

' 

gauges. (Boyce, Hamblin) 

Lake Ontario Studles. Analysis of the 1982-83 circulation 
experiment i_n Lake Ontario culminated in a major report by 
Simons and Schertzer and a series of papers. The persistent 
flow eastward along the south shore of the lake and the coun- 
terbalancing westward flow mid-lake can be related to the 
distribution of contaminants in the sediments of Lake Ontario. 
Concern with respect to the juxtaposition of outfalls and 

drinking water intakes along the densely populated and heav- 
ily industrialized north shore of Lake Ontario prompted a multi- 
disciplinary field program in 1984. The physical study, with its 
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array of thermistor strings extending from Hamilton to 
Cobourg, emphasized the alongshore development of flow 
episodes where previous studies had emphasized the cross- 
sectional structure of the coastal boundary layer. Alongshore 
current speeds often exceed 20 km-day-1, and episodes be- 
tween current reversals last from five to ten days; total 

alongshore displacement of water may exceed 100 km. 
(Simons) 

Niagara River Studies. Field experiments continued in the 
. Niagara River area through the 1984 and 1985 field season. Of 
particular note are the long-term trajectories obtained by satel- 
lite-tracked drifters, an example of which is shown in Figure 9. 
The s_a_tel_|ite drifter program has been operated in close par- 
ticipation with the Great Lakes Environmental Research Labo- 
ratory (U.S. National Oceanic and Atmospheric Administration 
[NOAA]) in Ann Arbor, Michigan. These studies were carried 
out in support of the toxic contaminants surveys undertaken by 
the Environmental Contaminants Division. (Murthy) 

Lake St. Clair Experiments. The physical program was 
undertaken in support of the Upper Great Lakes Connecting 
Channels Study and focussed on Lake St. Clair. It was coordi- 
nated with programs developed at the U.S. EPA laboratory in 
G_rosse lie and at the NOAA laboratory in Ann Arbor. Two goals 
were addressed. The first was to provide sufficient information 
on the distribution of horizontal currents in the lake to verify a 
numerical circulation model. The second was to study the 
transport of suspended material through the lake, recogn_i_ziitg 
the importance of this material as a compartment for organic 
contaminants. The bulk of the current meter infonnation was 
collected with Neil Brown vector averaging acoustic current 
meters (model SACM). This isthe first time we have deployed 
these instruments and we have been encouraged by the excel:-. 
lent return of data (>90°/0). A mid-lake towerwas installed and 
instrumented to serve as the focal point of an intensive sedi- 
ment resuspension experiment conducted during September 
and October 1985. (Bull) 

Yukon Rlver Headwater Lakes Study. A series of under-ice 
temperature profiles in the outflow regions of several Yukon 
River headwater lakes resulted in more detailed knowledge of 
the outflow dynamics of lakes and an estimate of the heat 
transfer coefficient between ice and water.‘This information is 
essential to the modelling of ice-covered lakes. (Hamblin) 

ENVIRONMENTAL SIMULATION SECTION 
The main objective of the Environmental Simulation Section 

is to develop and maintain a modelling capability for the inte- 
gration of research results and data from the various discl- 
plines of water sciences. This is achieved by developing a 
general modelling framework that can be readily adapted 
to address a wide range of environmental problems such as 
lake eutrophication, toxic contamination and watershed acid- 
ification. The purpose of the models is threefold: to make 
predictions and provide guidelines and trend analysis for
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environmental management problems-;« to provide feedback to 
'- 

ongoing research and monitoring programs on the gaps of 
knowledge; and to maintain a strong focus of systems model- 
ling expertise in the Aquatic Physics and Systems Division and 
consolidate modelling efforts by close collaboration with other 
divisions. 

St. Clair River Contaminant Model. The St. Clair River" 

system connects Lake Huron with Lake Erie. A large number 
of industries are located along its shores to utilize the large 
amount of water flowing through the system (about 6000 
m3-_s-1). Toxic contaminants in the river water and in the bottom 
sediments are the result of the i_nd_us'triai development along 
the river and lake shores- To assess the hazard or potential 
hazard of the chemicals, mathematical modelling and si_mu|a- 
tion techniques can be used to quantify and predict the con- 
centrations of the chemicals in various parts of the system, 
such as Lake St. Clair. The computer model integrates infor- 
mation on the chemical properties with the environmental 
properties to produce reliable predictions of the fate of the toxic 
contaminants found in the system. The mathematical model 
TOXFATE, previously used to predict the fate of toxic con- 
taminants entering Lake Ontario from the Niagara River, is 

being adapted to simulate the environmental conditions in the 
St.» Clair River system. TOXFATE is being coupled with a 
hydrodynamic model of Lake St. Clair to predict the spatial 
distribution pattern oftoxic contaminants and nutrients in the 
water and in the bottom sediments. Results of the simulations 
are displayed using personal computers such as the Com- 
modore 64 or the IBM PC; Figure 10 shows an example of such 
an interactive display. (Halfon, Simons) 

Niagara River Contaminant Loading. There are two hy- 
potheses regarding the poliu'ti_on concentration distribution 
along the Niagara River. One is that the concentration of 
po|_iu_t_ants is the same throughout the length of the river. The 
other is that the concentration is generally higher in the down- 
stream portion. Statistical methods and the complete-linkage 
clustering analysis have been used to test these hypotheses. 
This method has been applied to the observed data of chlori- 
nated organics and heavy metals collected from lajrge-volume 
water samples and in suspended sediments at five stations 
(Fig. 11): Fort Erie (FE), Chippawa (C), Wheatfield (W), 
Queenston (Q) and Niagara-on-the-Lake (NOTL), with one or 
two samples per station once during May, July and October- 
November of 1981, respectively. The general results show that 
concentrations at NOTL and Q are similarto each other but are 
different from the concentrations at other |ocat_ions. The loca- 
tions FE, C and W always form a group. 
More specifically, it is found that out of the 30 chemicals, 16 

show a significant increase in concentration in the down- 
stream direction, 8 do not show such a trend, and the remain- 
ing 6 are below detection level. (El.-Shaarawr) 

Watershed Acidification Model. A watershed acidification 
model has been developed to investigate the impact of acidic 
deposition on Canadian watersheds. The model considers the 
sulphate ions as mobile entities that follow the complicated 
water pathways through the snowpack, the surface soil layers, 
ground water, streams and lakes. Depending on theduration 
and the nature _of the soil and water contact, these ions can 
cause major disruptions to the chemical balances in the 
aquatic regimes.
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St. Clair River System Computer Model 
Simulated contaminant concentrations in wate_r at va_rious sites 
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Figure 10. Example of interactive display originated with an IBM PC with the model TOXFATE. The St. Clair River system is located 
between Lakes Hujron and Erie. Sarnia and Deuoit are cities located on its shores.
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Although most of the variations are due to hydrological 
events, the depression of pH, which signifies an increase in 
acidity, during the early spri,ngtir_ine, is particularly related to 
snowmelt episodes. Through a series of model calibration and 
verification with data from several Canadian watersheds in 
collaboration with other agencies, we are able to_ test the 
gen_era| appl_icability of this model as a research tool for exam- 
ining detailed impacts of acidic deposition on aquatic regi_mes_. 
(Lam, Bobba)

' 

Excess Sulphate Yields of Rivers In Nova Scotia and New- 
foundland. River yields of excess sulphate are often calcu- 
lated as mean discharge-weighted excess sulphate times 
mean annual runoff, and the reliability of this method of cal- 
culation increases with an increase in the number of samples 
available. For this reason, data are usually grouped over sev- 
eral years. The data are plotted on Figure 12 for 12 river 
stations in Nova Scotia;'the plot shows a marked decrease, by 
nearly half, in the river yields of excess sulphate between 1971 
and 1973 and 1982 and 1984. A similar comparison (not 
shown) was made for eight rivers in Newfoundland, and a 
similar marked decrease in excess sulphate yields was-ob- 
served. 

If the amount of sulphate carried by these rivers has de- 
creased by nearly half, and there is no great change in the 
cation denudation rates (CDR) of these rivers, then it is rea- 
sonable to expectthatthe mean pH values of these rivers will 
have increased. It has been found that this relationship holds 
for the rivers with softer water in Newfoundland. The rivers with 
the softest water show the largest increases in mean dis- 
charge-weighted pH, whereas "the pH changes of the two 
rivers with the hardest water are statistically insignificant. 
The case is not so simple for the soft water rivers of Nova 

Scotia, the pHs of which are dominated to a much greater 
extent by the presence of organic acids than those in New- 
foundland. In Nova Scotia, the greatest increases in pH are 
seen forthe slightly harder river waters with somewhat lower 
mean DOC. This shows that for rivers in whose watersheds the 
natu_ral acidification processes have not proceeded too far, a 

decrease in sulphate deposition will mean an improvement in 
river water quality. but not enough is yet known about the 
natural acidification process in the very soft water river water- 
sheds. Some of these results are used for improvement of the 
CDR model developed in the Environmental Simulation Sec- 
tion. (Thompson, Fraser) 
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Figure 12. Excess sulphate yields (meq'm” 'yr" ) of Nova Scotia 
riyegrs. GL — George Lake; MF — Mill Falls; H — 
Harbour. 

cllmate Models. Contributions to the Canada Climate Pro- 
gram have been oriented toward improved understanding and 
computer simulation of (a) the seasonal and annual energy 
balance at the air-‘water interface and (b) the seasonal varia- 
tions of thermal structure and stratification, of lakes and the 
upper layers of the ocean. 
Goals in the first year of study included_ improving the phys- 

ical data base and updating numerical models for computing 
long-terrn variations of the energy balance at the air-water 
interface for Lake Erie and Lake Ontario. Climatological data 
bases for synoptic observations have been compiled from 
1950 to 1983 for both lakes. Numerical model development, 
cJj_mato|ogica| analyses of the data, and derivation of the long- 
term energy balance for each lake have been completed. 
Figure 13 shows verification results for the major components 
of the Lake Ontario energy balance, i.e., net radiation (0'), 
latent heat flux (QE), conductive heat flux (QH), the surface 
heat flux (QT) and evaporation indicating high reliability of the 
model output. (Simons, Scheraer) 

Hydrodynamic Model. For coastal currents, a combination 
of spectral techniques, hydr'ody'na’mic models and empirical 
procedures proved conclusively that observed current fluctua- 
tions cannot be explained by either a balance of local wind and 
bottom stress or by free topographic waves but that both pro- 
cesses contribute equally. Semi-empirical transfer function 
models based on the concept of resonant topographic wave
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response to wind forcing in the presence of bottom friction 
were developed and found to explain 70% to 80% of the 
observed coastal current variations. 

With respect to open lake circulation, it was shown that none 
of the models available in the pertinent literature was suitable 
to estimate seasonal-mean circulations. It was found that t_he 
mean circul_atio_n observed during the 1982/83 Lake Ontario 
field study could only be reproduced by high-resolution non- 
linear models. To evaluate whether this result ‘was applicable in 
general, circulations were computed for 12 years of cli- 

matologicalwinds. For all years, the circulations obtained from 
the new model devi_ated from those computed by conventional 
models in the same manner. (Simons) 

Technology Transfer. The Environmental Simulation Sec- 
tion con_tinued to provide mathematical models to government 
and other users. For example, at the request of PAHO (Pan 
American Health Organization), a study was undertaken to 
evaluate the effects of a planned outflow diversion from Lake 
Chapala in Mexico to improve the water supply to the city of 
Guadalajara. An operational model for predicting the move- 
ment and dispersion of accidental radioactive spills along the 
north shore of Lake Ontario was developed for the Ontario 
Ministry of the Environment. The model was based on many 
years of data collection and modelling studies on Lake Ontario 
and then adapted for use on microcomputers. 

In response to continuing requests for the use of these 
models and assistance in their application, t_h_ree of the most 
frequently requested models were documented in great detail. 
These models are (1 ) a single-layer circulation/storm surge 
model, (2) a multi-level model for computing circulations and 
temperature changes, and (3) a pollutant transport model. 
(Simons, Lam) 
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ENVIRONMENTAL OPTICS SECTION 
The principal goal of the Environmental Optics Section is to 

conduct and apply directly both experimental and theoretical 
research related to the optical properties of the aquatic envi- 
_ronment. The techniques of spectro-optical physics and radi- 
ative transfer theory are utilized, in conjunction with directly 
acquired in situ optical data or remotely acquired airborne and/ 
or satellite multispectral optical data, to develop interpretive 
and predictive optical models and methodologies, and subse- 
quently to apply these models and methodologies to water 
resource issues and concerns. 
The optical physics activity comprises a basic long-term 

research program together with short-tenn studies which at- 
tempt to comply with specific problems as occasions and 
circumstances dictate. During the past year, the Sections ef- 
fort was largely devoted to the Great Lakes region of central 
Canada. Specific activities included the following: 

(a) A study of pertinent available LANDSAT imagery over the 
Lake Huron/Lake St. Clair/Lake Erie sediment transport 
system. The separation of these transport avenues into 
well-defined independent zones that retain their indepen- 
dent identities over substantial distances throughout the 
interconnecting channels is clearly evident, Further analy- 
ses of these transport phenomena are planned for the 
com_i_ng year. (Bukata) 

(b) Generation of an optical atlas describing the Great Lakes 
in terms of in situ optical data collected by the Section 
during the time interval 1973-1983. included in this atlas 
are such optical features and parameters as surface trans- 
mission contours; summer photic depths; transmission 
transects; re|ationsh_ips among beam attenuation coeffi- 
cients, irradiance attenuation coefficients, and Secchi 
disk depths; sighting range; and photosynthetic available. 
radiation among others. The atlas illustratesthese optical 
featujres i_n graphical, pictorial, and/or tabular form and 
intercompares these features for Lakes Erie, Ontario, Su- 
perior and Huron/Georgian Bay. It is available for distribu- 
tion as an NWRI manuscript. (Bukata, Jerome, Bruton) 

(c) Collection of remotely sensed data over Lake St. Clair 
utilizing the recent_ly developed Shipbome Reflectance 
Radiometer System (SRRS) and the development of com- 
puter methodology to utilize these data to estimate sus- 
pended mineral concentrations. (Jerome, Bruton) 

(d) A study of Great Lakes coastal wetland regions utilizing 
airborne data collected over such areas as Georgian Bay/

‘ 

North Channel and Lake St. Clair. These data were ob- 
tained during periods of both high and low water levels, 
and this project, whichis being performed in collaboration 
with the Great Lakes Fisheries Research Board, attempts 
to relate the change in areal extent of marshlands to varia- 
tions in water level. (Bruton, -Bukata, Jerome)
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‘DATA MANAGEMENT SECTION 
The Data Management Section provides data management 

support and EDP software development services to the orga- 
nizations located at the Canada Centre for inland Waters. The 
data archives of NWRJ are ma_i_nta_i_ned and managed for the 
support of the NWRI research and Inland Waters Directorate, 
Ontario Region operational programs. Consulting services are 
maintained to provide advice and guidance in such areas as 
data base usage, software problems, the use of software pack- 
ages, microcomputer hardware/software selection, and the 
efficient use ofthe in-house CYBER 171 mainframe computer.



The Section provides the operational support for the United 
Nations G_loba| En,viron_ment_a| Monitoring System (GEMS) 
data base and the Great Lakes Surveillance data base (STAR). 

Major Activities. Software system design and development 
support was provided for 53 different studies of the various 
organizations located at CCl_W. 
A Treasury Board submission for new mainframe computer 

facilities at CCIW was done in conjunction with the Computer 
Services Section and the Systems and informatics Directorate 
in Ottawa. This submission included program-related compu- 
ter requirements, conversion and training requirements along 
with a “make versus buy” analysis of the various alternatives 
available to NWRI. 
The automated laboratory data acquisition system 

(AWQUALABS) was completed and the development team 
disbanded. A total of 109 computer programs were written for 
this system to provide for data acquisition, analysis and labo- 
ratory‘managementfunctions. The operational-support for the 
system now rests with the National Water Quality Laboratory. 
A new release of the System 2000 data base software was 

installed o_n the CYBER 171. All data base programs were 
recompiled to operate under the new version. This new version 
provides additional features which aid in the development and/ 
or enhancement of the various data base systems that are 
operational on the CYBER- 
Three issues of_ the Data Management and Computer Ser- 

vices newsletter (UPDATA) were distributed. The distribution 
of the newsletter is for CYBER users, micro ‘users, study 
leaders, management personnel and other interested staff. 
The purposes of UPDATA are to provide a vehicle to exchange 
information, to improve the awareness of various computer- 
related topics, and to provide for increased productivity in the 
use of the CYBER 171. Some topics covered in the newsletter 
are newgeneral-purpose software, new developments in com- 
munications, problems encountered by users, featured appli- 
cations, hardware, microcomputer links, word processing, and 
a novice user corner. 
Communication links between the CYBER and the Wang 

OIS system and the CYBER and the MICOM 2001 system 
were established to aid the integration of text files for docu- 
ment production. In conjunction with the Environmental Pro- 
tection Service, facil_ities were established to translate docu- 
ments from one word processi_ng format to another. Currently, 
Wordstar to MICOM and MICOM to Wang translations are 
possible. In future, additional software to translate other for- 
mats will be obtained as the need arises. 

Data archiving support was provided for the Great Lakes 
Surveillance, Solar Radiation, Meteorological, GEMS and 
LRTAP programs. This support consisted of data entry, data 
documentation, data base updating, software enhancement, 
data archiving and data retrieval functions. 

Input was provided to an international review meeting of the 
GEMS/\NATER program. As a result of the review, a “GEMS/ 
WATER Data Evaluation Report” was produced by the World 
Health Organization (WHO) in Geneva. The review has led to 
the redesign of the data input form to reflect more accurately 
the chemical parameters required for each type of water (lake, 
river and ground water) sampled. Other changes to the pro- 
gram have been identified and will take place over the next few 
years. A complete set of data listings and statistical sum- 
maries for the 1982-1984 data was produced and forwarded to 
WHO, Geneva, for distribution to the various regional centres 
and countries (60) involved in the program. The 1979 to 1981 
data were microfiched and di_stribut_ed to all participants in the 
program.. 

All Applied Physics and Systems Division staff publications 
have been catalogued and the requirements for reprints are 
being met as they arise. 

Introductory and advanced CYBER computer courses as 
well as a course on the CALCOMP plotter were given to ap- 
proximately 60 users. 
A procurement data base system was developed for the 

Staff‘ Services Division. This system provides for the partial 
automation of the procurement function, along with the ability 
to produce reports to aid the management of the procurement 
process.

‘ 

STAFF LIST 
Chief — E. Ongley, B.A., Ph_.D. 

Secretary — S. Tapping 
A/Administrative Officer — J. Major 

Physical Limnology 
Head 

_

» 

F.M_. Boyce, B.A.Sc., 
M.Sc. physical limnology 

Researchers 
J. Bull, B.A.Sc. physical limnology 

F. Chiocchio, P.E,ng. 

P. Hamblin, B.Sc., M.Sc., physical limnology 
Ph.D. 

physical limnology 

M. Kerman physical limnology 

K. Miners, B.A. ‘coastal zone research 
C.R. Murthy, B.E., physical limnology 
M.E., Ph.D. 

D. Robertson, B.Sc. physical limnology 

E_nvl_r'on_menta| Optics 
Head 
R.P. Bukata, B.Sc., M.Sc., lake optics a_nd satellite 
Ph.D. studies 

Researchers 
J.E. Bruton, B.Sc. 

J. Jerome, B.Eng. 
lake optics remote sensing 
lake optics remote sensing 

Environmental simulation 
Head 
D. Lam, B.Sc.,Ph.D. contaminant transport 

modelling 
Researchers 

A.G. Bobba, B.Sc., hydrogeology and 
M. Tech., M.Sc. contaminant modelling 

A. El-Shaarawi, B.Sc., statistical modelling 
M.Sc., Ph.D. 

A. Fraser, B.Sc. water quality and LRTAP 
modelling 

E. Halfon, Ph.D.. toxic substance modelling 

W. Schertzer, B.A., M.Sc. water quality and climate 
modelling 
hydrodynamic modelling 
aquatic effects of LRTAP 

T. Simons, M.Sc., Ph.D. 

M.E. Thompson, B.A., 
M.A. Ph.D.

25



Data Management Section 
Alflead

b 

R. Duffleld, B.Sc., M.B.A. data management services 

Computer Applications 
S. Beal 
H. Comba, B.Sc. 
J. Dowell, B.Math 
B. Hanson, B.A.(Hon), 

microcomputer applications 
data base administration 
software development

V 

software development. 
M.B.C.S. 

J. Hodson. B.Sc. software development 
A. Liu, M.Sc. software development 
K. Miles software development 
B. Ventresca, B.A.(Hon), software development 
B.Sc. 

A. Zingaro, B.Sc. software development 

Data Processing and Archiving 
J. Byron data processing and 

archiving 

J. McAve|la data processing and 
archiving 

W. Nagel data processing and 
archiving 

COMMITTEE MEMBERSHIP 
A.G. Bobba 

Member, Modelling Panel, American Institute of 
Hydrology 
Inland Waters Directorate Hydrologic Research 
Program Committee 

F.M_. Boyce
A 

Secretary, Scientific Committee, CMOS, 
1983-1986 
Board Member, IAGLR 1983-1986 
Rapporteur, Oceanography, Canadian 
Geophysical Bulletin 

R. Duffield 
Inland Waters Directorate lnfomiation Technology 
Committee 

A.H. El-Shaarawi 
Member, International Statistical Institute 
Ph.D. -Candidate Supervisory Committee, 
Department of Mathematical Science, McMaster 
University 

E. Halfon 
Vice President, International Society of Ecological 
Modelling, North American Chapter ' 

Editorial Board, International Journal of Ecological 
Modelling 

P.F. Ham_bIin
A 

Associate Editor, Physical Limnology Journal of 
Great Lakes Research, 

26 

Ph.D. Candidate Supervisory Committee, 
Department of Civil Engineering, McMaster 
University 

International Association for Great Lakes 
Research, Membership Committee 
Mesoscale Subcommitte, CMOS, 1985-1986 

D.C.L. Lam_
V 

Editorial Board, International Journal of Advances 
in Water Resources 
IAEA Working Group on Coast_a_l Modelling 
I_JC Great Lakes Modelling Task Force 
LRTAP National Assessment Task Force, Aquatic 
Effects 

Ph_.D. Candidate Supervisory Committee. 
Department of Civil Engineering, McMaster 
University 

E. Ongley
V 

Western and Northern Regional Management 
Team 
Westem and Northern Regional Pesticides 
Committee 
Mackenzie River Interdepartmental Working Group 
Executive Committee, National Association for 
Sediment Water Science 
Organizing Committee, International Association 
of Hydrological Sciences — 1987 Vancouver 
Assembly 
Canadian Committee for SCOPE 
NWRI-Water Quality Branch Working Group on 
Monitoring (Chairman) 

W.M. Schertzer 
Inland Waters Directorate Hydrologic Research 
Program Committee 
Ontario Regional Climate Advisory Committee 

‘ M.E. Thompson 
Associate Editor, Hydrological Sciences Journal 

PUBLICATIONS 
Anderson, ..lE., A.H. EI-Shaarawl, S.R. Esterby, and T.E. Unny. 1984. Dissolved 
oxygen concentrations in Lake Erie (U.S.A—Canada). 1. Study of spatial and 
temporal variabi_l_ity using cluster and regression analysis. J. Hydrol., 72: 
209-229. 
Balakrishnan, N., M.L.. Tiku, and A.H. El-Shaarawl. 1985. Robust univariate 
two-way classification. Biomed. J., 27, N2: 123-138. 

Beghelli, S.-,» R. Guidorzi, E. Halfon, and F. Terragni. 1982. Identification of 
phosphorus dynamics in Kootenay Lake, Canada. Ecol. Modelling, 17: 11-32. 

Bobba, A.G., and D.C.L. Lam. 1984. Application of linearly distributed surface 
runoff model iorwatershed acidification. Pro'c. Canadian Hydrology Symposium, 
Laval University, Quebec City. In press. 
Bobba, A.G., D.C.L. Lam, D.S. Jeffries, D. Bottomley, J.Y. Charette, P.J. Dillon, 
and,L. Logan. 1985. Modelling the hydrochemical regimes in acidified water- 
sheds. Submitted to J. Water Air So_i_I Poll_u_t_. 

Boyce, EM. 1985. Lakes in Canada. In The New Canadian Encyclopedia, M. 
Hurtig Publishing Co., Edmonton, Canada. 

Bukata, l-'_t_._P.-, and A.G. Bobba. 1984. Determination of diffusion coefficients 
associated with the transport 01‘ 210 Pb radionuclides in lake bed sediments. 
Geol., 5: 133-141.



Bulrata, R.P., J.E. Barton, and J.H. Jerome. ‘1984. Application of direct mea- 
surements o1 optical parameters to the estimation of lake water quality indica- 
tors..NWRl unpub. mp, 110 pp. 
Bultata, rm, J.E. Bruton, and .r.rr. Jerome. 1935. Application of direct optical 
parameters to the estimation of lake water quality indicators. Environment 
Canada, Inland Waters Directorate, Sci. Ser. No. 140. 
Bulrata, .LH.. J.H. Jerome, and J.E. Bruton. 1985. Direct optical measure- 
mentsotthe Laurentian Great Lakes. Part II. An optical atlm. NWRI unpub. rep, 
170 pp 
Dutka, B_.J_., K. I_Nalsh, P. Eviran, A.H. Ell-Shmravrl. and R.S. Tobin. 1984. 
lncidenceofLegioneIIa organisms inselectedOnta'rio (Canada) cities. Sci. Total ‘ 

Environ., 39: 237-249. 
Elliott, .1R., A.H. El-Shaarawl, and D.R. Perison. 1985. Association of chlo- 
rophyll a physical and chemical factors in Lake Ontario. 1_967—1981. Ac- 
cepted for publication in the Proc. of the Workshop on the Statistical Aspects of 
Water Quality Monitoring. 

El-Shaarawi, A.l-I. 1984. Dissolved oxygen concentrations in Lake Erie 
(U.SA.—Canad_a). 2. A model for dissolved oxygen in the Central 
Basin of Lake Erie. J. HydroI., 72: 231-243. 
El-Shaarawl, A.H. 1984. Statistical assessment ol‘ the Great Lakes Surveillance 
Program, 1966-1981, Lake Erie..Environment Canada, Inland Waters Director- 
ate, Sci. Ser. No. 136, 273 pp 
El-Shaarawl, AM. 1985. some goodness of lit methods for the Poisson-plus- 
added zeros distribution. Appl. Environ. Microbiol, 49(55): 1304-1306. 
El-Shaarawl, A.l-I. 1985. Statistical apects of setting a sampling strategy 
Accepted for publication in J. franqais d'hydrologie. 
El-Shaarawl, A.H., and SR, Esterby. 1984. Statistical analysis of Niagara River 
data for the NRTC report. NWRI Contribution No. 84-37. 
El-Shaarawl, A.H., and M. Munawar. 1985. The association of chlorophyll a and 
phytoplankton biomass in Lake Huron and Georgian Bay. Accepted for publica- 
tion in Hydrobiologia. 

El-Shaarawl, A.H., and IVLA. Neilson. 1_9_84. Changes in nutrient levels cl lake 
"water stored at 4°C. Can. J Fish. Aquatic 41(6): 985-988. 
El-Shaarawl, A.H., and M.L.1‘iku. 1985. Regression analysis tor censored data. 
Accepted for publication in the Proc. of the Workshop on the Statistical Aspects 
of Water Quality Monitoring. 
El-Shaarawl, A.H. , J.C. Block, and A. Maul. 1985. The use of historical data for 
estimating the number of samples required for monitoring drinking water. Sci. 
Total Environ., 42: 289-303. 
El-Shaarawl, A.H., S.R. Esterby,- N.D. Warry, and K.W. Kuntz. 1985. Evidence _of 
contaminant loading to Lake Ontario from the Niagara River. J. Fish. Aquatic 

42(7): 1278-1289. 
El-Shaarawl, A.H., KW. Kuntz, and A Sylvestre. 1985. Estimation of loading by 
numerical integration. Accepted for publication in the Proc. of the Workshop on 
the Statistical Aspects of Water Quality Monitoring. 

Esterby, S.R., and A_.H_. E_l-s_haara_i_rvi_. 1984. Colitonn concentrations in Lake 
Erie — 1966 to 1970. Hydrobiologia, Vlll, pp 133-146. 
Fraser, A.S. 1985. Aquatic characterization for resources at risk in eastern 
Canada. Proc. Int. Symp on Acid Precipitation. In press. 
Fraser, A5. 1985. Lake Erie point source loads. J. Great Lakes Res. Lake Erie 
Spec. Vol., lnt. G_reat Lakes 
Halton, E. 1983. Is there a best model structure? I. Modelling the fate of a toxic 
substance in a lake. Ecol. Modelling, 20: 135-152. 

Halton, E. 1983. Is there a best model structure? ll. Comparing model structures 
of different fate models. Ecol. Modelling, 20: 153-163. 

Halton, E. 1984. Error analysis and simulation ct mirex behaviour in Lake 
Ontario. Ecol. Modelling, 22: 213-252. 

Hutton, E. 1984. The composition of particulate matter in the euphotic zone of 
Lake Superior. .1 Great Lakes Res., 10: 299-306. 

Halton, E. 1984. Is there a best model structure? III. Testing the Goodness of Fit. 
Ecol. Modelling, 27: 15-29. V 

Halton, E. 1985. Modelling the fate of mirex and Iindane off the Niagara River 
mouth. Ecol. Modelling. In press. 

Halton, E. 1985. The regression method in ecotoxicology: A better formulation 
using the geometric mean functional regression. Environ. Sci. Technol., 19: 
747-749. 
Halfon, E. 1985. The bootstrap and the iackknife in ecotoxicology or non- 
parametric estimates of standard error. Chernosphere, 14: 1433-1440. 

I-ialton, E.-, and As. Fraser. 1985. A fate model of toxic substances in Lake 
Ontario. J. Great Lakes Res. In press. 

Hamblin, P.F. Yukon River Headwater Lakes Study 1983-1985: Preliminary 
Analysis and Data Report. NWRI unpub..rep. 
I-lamblin, P. 1985. Review of Storm surges — meteorological ocean tides (1'.S. 
Murty). Can. J. Fish. Aquatic Sci., 42(12) 
Jerome, J.H., J.E. Burton, and FM’. Bukata. 1984. A short discussion on the 
intercomparison of transmissometers used at CCIW. NWRJ unpub. rep., 17 pp. 
Jerome, J.H. , R.P. Bukata, and J.E. Bruton. 1984. Effect of solar zenith angle 
diurnal variation on estimation of primary production and irradiation. NVVRI 
unpub. rep, 42 pp. 
Lam, D.C.L, and A.G. Bobba. 1984. Application at linearly distributed surface 
runoff model for watershed acidification problems. Proc. Canadian Hydrology 
Symposium, Laval University, Quebec City, 11(13) In press. 
Lam, D.c.L, and A.G. Bobba. Modelling watershed nrnoffs and acidification, 
Hydrological and hydrochemical mechan_isms and model approaches to the 
acidification of ecological systems. Irene Johansson (ed.), Nordic Hydrological 
Programme, NHP Rep No. 10, pp. 205-215. 
Lam, D.C.L, A.G. Bobba, D.S. Jeffries, and J.M.R. Kelso. Relationships of 
spatial gradients of primary production buffering capacity and hydrology in 
Turkey Lakes watershed. ASTM Technical Series, Philadelphia. Pa. In press. 
Lam. D.C.L, S. Boregowda, A.G. Bobba, D.S. Jeffries, and G.G. Patry. Inter- 
facing hydrological and hydrochemical models for simulating acidification 
effects in Canadian watersheds. Submitted to .1 Water Air Soi_I Pollu_t. 
Marm_ush, Y.R., A_.A. Smith. and P.l-f.‘ Harrtbijrr. 1984. "Pilot experiments on 
themral barin lock exchange flow. J. Energy Eng., ASCE-, 110: 215-227. 
Maul, A., and AM. E!-Shaarawi. 1984. Strategies de prélevement. Chapitre 9, 
Bactériologie des milieux aquatiques: Aspects écologiques et sanitaires, G. 
Martin (ed.), 2.2: 133-166. 

Maul, A., JC. Block, and AH. El-Shaarawl. 1985. Statistical approach for 
comparison between methods 01 bacterial enumeration in drinking water (1985). 
J Microbiol. Methods, 4: 67-77. 
Maul, A., M,A. Dollard, JC. Block, J. Schwartzbrod, F. Hinzelin, and AM. El- 
Shaarawl. 1985. Controls de la qualite microbiologique de l’eau de distribution: 
Stratégie d'échantillonnage et identification des populations de micro- 
organismes. Rapport final. Université de Metz, France, 59 pp 
Maul, A., A.H. El-Shaarewi, and J.C. Block. 1985. Heterotrophic bacteria in 
water distribution Part 1. Spatial and temporal wariation. Sci. Total 
Environ., 44: 201-214. 

Maul, A, A.H. El-Shaarawl, and J.C. Block. 1985. Heterotrophic bacteria in 
water distribution systems. Part 2. Sampling design. Sci. Total Environ., 44: 
215-224. 

Maul, A, A.H_. El-Shaarawi, and JC. Block. 1985. Modelling of bacterial popula- 
tions and water quality monitoring in distribution systems. Accepted for publica- 
tion in the Proc. of the Workshop on the Statistical Aspects of Water Quality 
Monitoring. 

Muir, L.R., and AM. El-Shaarawi. 1985. On the calculation of extreme nave 
heights: A review. Accepted for publication in Ocean Engineering. 
Murthy, c.n., and ‘U. Slmons.1984. Coastal currents in Lake Ontario during 
winter. NWRI Contribution No. 84-42. 
Illlurthy, c.n.. T..L Simone, and D.c.L Lam. 1985. Dynamic and transport 
modelling of the Niagara River plume In Lake Ontario. Proc. ICES, Nantes 
Symposium. In press. 
Murthy, c._n_., T.J. Simona, D.C_._L Lam, and M. 1985. Simulation of 
pollutant transport along the North Shore at Lake Ontario. NWRI Contribution 
No. 85-23.

' 

Murthy, C.R.. D.C.L Lam, T.J. Simona, J. Jedrasik, J. Miners, J.A. Bull, and 
WM. Schertzler. 1984. Dynamics of Niagara River plume in Lake Ontario. NWRI 
Contribution No. 84-7». 

Nielson, M.A., and A.H. 1984. Shipboard analysis at soluble 
nutrients in lake water versus analysis after storage. Environment Canada, 
Inland Waters Directorate, Tech. Bull. No. 133, 5 pp. 

Neilson, M., R. Stevens, and .L Hudson. 1984. Documentation of the Averaging 
Lake Data by Regions (ALDAR) Program. Environment Canada, Inland Waters 
Directorate, Tech. Bull. No. 130. 

Ongley, ED. 1984. Regionalization of water quality in the upper Fraser River 
basin. British Columbia‘ Comment, Water Res., 18: 1059-1060. 
Ongley, E.D. Considerations for network des'gn for water quantity and quality 
surveys in Canada. Canadian Hydrology Symposium — 84, Pipe In press. 
Or!9'W. E,D_.; oi GIEQOIY (811) Background to palaeohydrologyz A per- 

Hydrol. J In press. 
Ongley, E.D. Detergent-phosphorus abatement: Point and nonpoirrt source 
basin response in southem Ontario. Environ. Gaol. In press.

27



Ongley, -E.D., and D.P. Blachtord. 1984. Tributary effects on mainstream sus- 
pended sediment chemistry. Water Pollut. Res. J. of Can., 19(1): 37-46. 

Patterson, J.C., and RE Hamblln. 1_985. Thermal simulation of lakes with winter 
ice cover. NWRI Rep No. 85-29. . 

Patterson, J.C., P.F.~ Hamblln, and J. Imberger. 1984..Classitication and dynamic 
simulation of the vertical density structure of lakes. Limnol. Oceanogr., 29(4): 
845-861. 
Plattord, R.F., A.G. Bobba. and SR. Joshi. 1984. The Port Granby radioactive 
waste management site. Water Pollut. Res. J. Can. 19(2): 90-96. 

Robertson, D.G. 1984. Report on data processing for DP/DX experiment at 
Cobourg on Lake Ontario. 
Schertzer, W.M. 1985..Summary of water surface temperature observations for 
Lake Ontario (1966-1984) and Lake Erie (1967-1982). NWRI Contribution No. 
85-159, 48 pp. - 

Schortzer. W.M.. and A. Sawchuk. 1985. Comparison of Toronto island Airport 
winds tor the period November to April 1973-1983. NWRI Contribution No. 
85-158, 29 pp 
Sohertzg‘.-,. WM,-. and R. Stevens. 1984. Comparison of actual and simulated 
water quality Wsponsesto phosphorus loading scenarios in Lake Ontario and 
Lake Erie. NWRI Contribution No. 84-41, 24 pp. 
Slmons, T.J. 1984. Topographic response of nearshore current to wind: an 
empirical model. NWRI Contribution No. 84-17. J. Phys. Oceanogn, 14: 
1393-1398. 

Slmons, T.J. 1985. Temperatures and currents in western Lake Ontario. 
June-November 1985. NWRI Contribution No. 85-158. 

28 

Simone, 1'.J. 1985. The mean circulation of unstratified water bodies. J_. Phys. 
Ooeanogr. 16 (to be published). NWRI Contribution No. 85-154. 

Slmons, 'l'.J., 1985. Effect of the outflow diversion on circulation and water 
quality of Lake Chapala. NWRI Contribution No. 85-22. 
Slmons, 'l'.J. 1985. Reliability of circulation models. J. Phys. 0‘ceanogr., 15: 
1191-1204. NWRI Contribution No. 85-46. 
Slmons. T.J., and C.R. Murthy. 1984. Winter circulation in Lake Ontario. J. 

Great Lakes Res., 11: 423-433 v 

Slrnons, '|f.‘J,-, and W.M. Schertzer. 1985. Str'atificatio'n, currents and upwelling 
RPB in Lake Ontario. summer 1982. NWRl Contribution No. 85-152. Can. J. 
Fish. Aquat. Sci. (to be published). 

Simone, T.J., and_ WM. Schertzer. 1985. The circulation‘ of Lake Ontario during 
the summer of 1982 and the winter of 1982/83. NWRI Contribution No_. 85-26. 

Thompson, M.E. 1985. Cation denudation rates of rivers in Nova Scotia, 
1971-1974 and 1977-1982. NWRI Contribution No. 85-28. 

Thompson, M.E. 1985. The cation denudation rate model — its continuing 
validity.- NWRI Contribution No. 85-30. 
Thompson, M.E., and Margo B. Hutton. 1985. Sulphate in lakes of eastern 
Canada: Calculated yields‘ compared with measured wet and dry deposition, 
Water Air Soil Pollut_., 24: 77-83. 

Thompson, M.E., H.G. Thode, a_n_d A.S. Fraser. 1986. Sulphate yields and 
stable isotope ratios of s'ulp,h'ate su_|ph_u_r in rivers of the Northwest Territories, 
Canada. J. Appl. Geochem. in press.



ENVIRONMENTAL CONTAMINANTS DIVISION 

The Environmental Contarrflnfants Division investigates the 
pathways, fate and effects of five groupings of contaminants; 
organic chemicals, toxic metals, organometallics, radionu- 
clides, and ions associated with acid ra_i_n_. These investiga- 
tions are conducted bot_h the the field and in the laboratory 
Research information produced by the Division is valuable in 
substantiating recommendations for water management ac- 
tions in polluted river basins. These actions may involve con- 
trol of effluents, banning of chemica_ls, guidelines for con- 
sumption of biota or water, and many other procedures that can 
be implemented in Canada. These data may be valuable in 
negotiations on water quality matters, either interprovincially 
or internationally. Much of the published information is equally 
valuable as part of the total input required for toxic chemical 
assessments. Division activities are carried out in five sections 
as follows. 

ORGANICS-PATHWAYS SECTION 
The objective of this Section is to resolve the entry, fate, 

distribution and transfer of organic contaminants in aquatic 
ecosystems. Research is conducted primarily at specified pol- 
luted aquatic ecosystems but also in the laboratory. Projects 
include studies in large and small river—|ake systems. At- 
mosp_heric i_nput of organic contaminants to the aquatic envi- 
ronment is also studied. 

Transport _of Persistent Toxic Organic Chemicals In the 
Niagara River—Lake Ontario-St. Lawrence River Sys- 
tems. The use of c_h|orobenzenes as chemical markers in the 
determination of the fate of persistent organochlorine con- 
taminants from the Niagara Ftiverjin Lake Ontario was contin- 
ued. Radio and satellite tracked drogues and improved large- 
scale water sampling a_nd extraction methods were employed 
to extend greatly the area of the plume sampled. The results 
"indicate that up to 50% of the higher molecular weight chlo- 
robenzenes are deposited within 10 km of the rivermouth on 
settling solids, but much of the remainder is transported out of 
the plume area i_n solution. Other organochlorine contam- 
inants behaved in a similar fashion, with the more soluble 
compounds largely transported out of the Niagara River mouth 
area and significant amounts of the less soluble compounds 
being deposited on settling solids. 
More recently, s_ome of the concepts-and techniques used in 

the Niagara River plume study have been employed in a new 
investigation of the transport of persistent organochlorine con- 
taminants from Lake Ontario into the St. Lawrence River. Early 
emphasis in the study has been focussed on establishing the 
relative importance of different compartments such as water, 
suspended solids and suspended biomass. The possibility of 
distinctive contaminant patterns in the North Channel of the St. 
Lawrence River at Wolfe Island owing to industrial activity in 
the Bay of Qui_nte—Kingst_on areas is also under investigation. 
(Fox, Carey, Coletta) 

The Fate of 2,4-D in Freshwater Systems. The focus of the 
2,4-D studies was a concern for possible harmful effects of the 
use of the chemical in milfoil control both on freshwater biota 
and on water quality in such divergent areas as the Trent River 
system (Ontario) and the Okanagan Lakes (British Columbia). 

Both pond and field studies were completed in 1984. The 
former, conducted in enclosed ponds, was considered a worst- 
case study, but showed only marginal toxic effects onofish try 
and on clams during the first week after the chemicals intro- 
duction. Secondary effects were more noticeable and con- 
sisted of the collapsed rnjlfoil beds providing an increased food 
supply to bacteria, clams and other bottom fauna. 
A two-year study in Buckhorn Lake (of the Trent system) 

showed a wide distribution of the chemical in the whole lake 
during the herbicide application season (June and July). This 
was followed by rapid disappearance, then a partial reap- 
pearance from the decaying milfoil beds. The chemical had 
virtually disappeared from the system by late September: Cal- 
culated i_nflows and outflow showed that most of the chemical 
was not lost in the outflow, but was degraded in the lake. The 
appearance of 2,4-D in the lake in May, before the milfoil 
control season, was attributed to the spring runoff carrying 
residual 2,4-D from land applications of the previous year. 
The pond and field studies showed that present 2,4-D uses 

in milfoil control are not likely to have significant effects on 
freshwater ecosystems or impair water quality, and that the 
chemical does not persist in the lakes, or accumulate in the 
sediments, beyond the growing season. (Nagy, Hart) 

Accumulation and Effects of Toxic Contaminants In 
Aquatic B|ot_a_. Bioaccuriiu_|ation studies are a necessary 
component of research into the fate of contaminants in pol- 
luted aquatic systems. They provide important information on 
contaminant behaviour, including bioavailability, routes and 
modes of entry into the biota, and responses to metabolic 
processes (persistence, tr'ansfor‘mat_io,n, degradation). Bioac- 
cumul_ation studies also identify suitable indicator organisms 
for use in biomonitoring programs. 
The differential bioaccumulation of chlorophenols, ben- 

zothiazoles and diphenylamine by common shiners, longnose 
dace and crayfish was studied on site at Canagagigue Creek-, 
Ontario. After one week of exposure, crayfish were found to 
have the lowest bioconcentration capacity for all compounds, 
while the two species offish were remarkably similar to each 
other. Concentrations of the various compounds in biota were 
not always pjroportional to water concent_ration_s. For example, 
2,4,5-TCP accounted for about 30% of the total chlorophenols 
in biota but only 15% in the water. In contrast, 2,6-DCP ac- 
counted foroonly 10% of the total chlorophenols in biota as 
compared with 21% in the water. Biota accumulated very high 
l_eve|s of 2-(methylthio)benzothiazole, as would be expected 
from the high concentrations of this compound in the water. 
However, the uptake of benzothiazole was surprisingly low. 
1”issue levels of this compound were similarto those for 2,4- 
DCP, yet concentrations of the former were 15 x higher in the 
water. Dipheny|_amine was present in the water at levels similar 
to 2,4-DCP, but it was three tirnes mo_re concentrated in the 
organisms. These results point out the futility of assessing the 
contamination of’ an ecosystem on the basis of contaminant 
concentrations in the water alone. This study is believed to be 
the first to investigate the bioaccumulation of benzothiazole 
derivatives by aquatic biota. 
The comparative depuration rates of chlorophenols, benzo- 

thiazoles, lindane and DDT by the leeches Dina dubia, Erpob- 
della punctata and Helobdella stagnalis were determined in 
the laboratory. Contaminated leeches were collected from
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Canagagigue Creek, then allowedto depurate their body bur- y 

dens of contaminants in clean, flowing water for 28*days. The‘- 
results are presented in Table 1. It is apparent that leeches 
have inefficient regulatory mechanisms for eliminating chloro- 
phenols and DDT derivatives from their systems. These com- 
pounds were most persistent in E. punctata, the species which 
is the largest and has the longest life span. The rapid depura- 
tion of 2-(methylthio)benzothiazole is particuarly noteworthy, 
as initial tissue concentrations of this compound were one to 
several orders of magnitude higher than any other compound. 
The persistence of DDT and related compounds in biota is a 

general phenomenon. However, chlorophenols are known not 
to persist in fish and bivalves. This study demonstrates that 
leeches would be excellent biomonitors for detecting con- 

rtaminaticn of a water body by chlorophenols. It also points out 
that not all organisms are suitable biomonitors for all com- 
pounds. Only laboratory studies such as this can identify the 
best biomonitors to use under various conditions of pollution. 
(Metcalfe, Carey, Fax, Coletta) 

Atmospheric Deposition of Organic Chemicals. During 
1984, studies were continued on the deposition of persistent 
organic pollutants in the rainfall. Sampling has been expanded 
to include stations at Kouchibouguac National Park (New 
Brunswick) and Cree Lake (northem Saskatchewan); sam- 
pling at Caribou Island and Agavva Bay sites on Lake Superior 
was continued. Volume-weighted concentrations from the 
1984 and previous seasons are presented in Table 2. 

Table 1. Depnration Half-Lives (days) of Organic Contaminants by Leeches 

Leech species 

Compound Dina dubia Erpobdella ptgnctata 
‘ 

Helobdella stagnalis 

2,6-DCP 33 NSD - 
2,4-DCP 43 NSD 43 
3,4-DCP 30 NSD 100 
2,4,6-‘PCP 25 NSD 33 
2,;3,6-TCP NSD NSD NSD 
2,4,5-TCP NSD NSD 30 
2,3,4,6-'l'FCP NSD NSD NSD 
PCP ‘ NSD 27 NSD 

p,p’-DDT NSD NSD 6 
p.—p'-DDE NSD NSD NSD 
p,p'-DDD ‘ 10 22 ‘ 13 

o,p'-DDE NSD NSD 60 
o,p’-DDD 13 34 6 

Lindane <1 1
— 

Benzotliiazole 10 7 <1 
2-(Methylthio) 

benzothiazole 2 3 ,
- 

NSD — No significant deputation over a period of one inonth. 

Table 2. Weighted Averages of Contaminant Concentrations in 1984 Rain (ng/L) 

A 

1984 1984 1984 1976/77 1983 1983 
Batch- Isle Caribou Caribou Agawa Kouchi— Cree 

Compound 
g 

awana* Royale Island Island Bay bouguac Lake 

dz-BHC 14 36 15 6.5 6.7 13 
A 

6.5 

Lind_an_e 8 8.4 4.3 3.0 2.9 6.7 . 1.2 

Heptachlor 
epoxide ND 0.31 0.21 0.28 0.18 0.07 0.02 

Dicldrin 0.67 ND 0.24 0.96 0.62 0.27 0.38 
Endrin ND ND 0.02 0.07 0.08 0.66 0.24 
pp’-DDE ND 0.37 0.08 0.17 0.09 0.02 0.07 
pp’-DDT ND 0.03 0.17 0.46 0.11 0.19 ND 
pp’-DDD ND 0.79 0 02 0.06 ND 0.14 0.19 
Methoxychlor 2 2.6 2.1 1.4 0.59 0.02 0.09 
PCBs 33 6.7 5.9 2.5 3.2 1.1 3.1 
HCB ND 0.03 0.10 0.09 0.03 0.07 0.01 
01-Chldfdafle ND ND ND 0.06 0.02 ND ND 
-y-Chlordane ND ND ND 0.20 0.06 ND ND 

‘Sensitivity and statistical soundness of data are not the same as others 
ND — Not detected '
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There is an apparent downward time trend in concentrations 
for PCBs, alpha-BHCrand lindane for the sites at Batchawana, 
Agawa Bay and Caribou‘ Island, all of which are on the eastern 
side of Lake Superior. There also appears to be a downward, 
open-lake trend from west to east (isle Royale and Caribou 
Island), and little or no difference between open-lake and on- 
shore locations (Caribou Island and Agawa Bay) over virtually 
identical time spans,

' 

The concentrations of these compounds in rainfall from 
Kouchibouguac, Cree Lake, Caribou Island and Agawa Bay 
are not significantly different for the major contaminants in this 
med_ium and are highly suggestive that atmospheric deposi- 
tion is comparable across the country, at least east of the 
Rocky Mountains. Plans-are underway to sample in the Pacific 
region. In addition, a new, all-weather (i.e. rain plus snow) 
prototype sampler is being evaluated; this equipment includes 
automatic data recording as well as the wetfall only capability. 
(Strachan) 

Accumulation/Degradation of Toxic Organic Contam- 
inants in Fluvial Ecosystems. In the past few years, the 
major focus of this study has been the pathways of accumula- 
tion and degradation of chlorophenols. To provide data on the 
environmental distribution of these compounds, field sampling 
was conducted in the Fraser River Estuary, British Col_umbia, 
and the North Saskatchewan River, Alberta and Saskatche- 
wan. Chlorophenol levels in water and biota from the North 
Saskatchewan River were low but both water and fish from 
the Fraser River Estuary h_ad elevated levels of 2-,3,4,6- 
tetrachlorophenol (2,3,4,6-TeCP) and pentachlorophenol 
(PCP). Bioconcentration factors for these compounds ranged 
from 100 for 2,3,4,6-TeCP in starry flounderto 1600 for PCP in 
sculpi_n,s_., The isomer ratios and the geographical variation in 
levels implicated the lumber industry as the source of these 
chlorophenols to the Fraser River. A more detailed sampling 
program is planned for the coming year. 
We have previously demonstrated that the CP isomers 

present in the ground water under the chemical disposal area 
appear to be the products of anaerobic dehalogenation of the 
original CPS disposed of there. This degradation pathway has 
now been confirmed in a series of laboratory experiments 
involving sediments from Windermere Basin, Hamilton Har- 
bour. The steric course of the anaerobic dehalogenation of 
CPs was studied and ortho-substituents were shown to be the 
most reactive. In cases where both meta-positions are oc- 
cupied by chlorine, the para-position is also reactive. Thus, 
pentachlorophenol (PCP) can undergo loss of three suc- 
cessive chlorines to give 3,5-dichlorophenol, whereas 2-,3,4,6- 
tetrachlorophenol (2,-3,4,6-TeCP) loses only two chlorines to 
give 3,4-dichlorophenol. 
The environmental occurrence of this degradation route was 

confirmed at the site of a major chlorophenol spill which oc- 
curred in British Columbia in 1978. In collaboration with per- 
sonnel from NWRl and NHRI, Pacific and Yukon Region, the 
ground water under the spill site was sampled. it was shown 
that whereas the material spilled contained only PCP and 
2,»3,4,6-TeCP, the ground water directly under the spill con- 
tained all the tetra- and tri-chlorophenols found in the labora- 
tory deh‘alogen'ation‘s of these compounds. In the field mea- 
surements, the half-life for loss of a chlorine via anaerobic 
dehalogenation was about 10 years. (Carey, Fox, Metcalfe, 
Coletta, Hart) 

ORGANICS-PROPERTIES SECTION 
This Section determines chemical, physical and biological 

properties oforganic contaminants, the qualitative and quan- 

titative relationships between such characteristics, and their 
influence on the distributions, pathways and effects of these 
substances. Field and laboratory experiments are carried out 
to determine sources, pathways and sinks of xenobiotic com- 
pounds in water, suspended matter and bottom sediments of 
lakes and rivers, to identify new contaminants, to determine 
their water/octanol and water/sediment partition coefficients, 
adsorption/desorption rates, metabolic pathways, products 
and kinetics, and their toxic effects on representative aquatic 
bacteria, yeasts and fungi. 

Upper Great Lakes Connecting Channels Research (the 
Detroit and St. Clair Rivers - Pollution Issue). The upper 
Great Lakes connecting channels, in particular the Detroit, 
and St. Clair rivers and Lake St. Clair,» have been recognized as 
important parts of the Great Lakes ecosystem. These areas of 
concern are characterized by numerous industrial and munici- 
pal effluents, strong flow within the rivers and sedimentary 
zones in Lake St. Clair and the western basin of Lake Erie. 
Consequently, persistent contaminants entering this system 
may be adsorbed onto particulates, and may be sedimented 
and resuspended repeatedly. Furthermore, dredging of navi- 
gation channels, development of shoreline properties for in- 
dustrial and residential uses, and changing water levels con- 
tribute significantly to sediment/contamin_ant interactions. 
As part of a multidisciplinary investigation, Section staff 

undertook the sampling, analysis and interpretation of water, 
seston and sediment samples from over 200 stations for vol- 
atile and other organic contaminants, yeasts, fungi bacteria, 
acute toxicity, phenols, PCBs, organochlorines and polycycl_ic 
hydrocarbons. in addition, large-volume (200 L) water sam- 
ples from over 70 stations were centrifuged on site, extracted 
with methylene chloride and will be analyzed by gas chro- 
matography and mass spectro_metry. Preliminary results indi- 
cate significant loadings of tetrachloroethylene (Fig. 14); car- 
bon tetrachloride; 1,1,1-trichloroethane and trichloroethylene 
from the St. Clair River to Lake St. Clair. (Kaiser, Comba) 

Quantitative Structure-Activity Research (QSAR). Quan- 
titative structure-activity relationships (QSAR) are useful tools 
for the prediction of many biological and physico-chemical 
properties of compounds. In particular, bioaccumulation fac- 
tors (BCF), acute and sublethal toxicities to many aquatic 
species have been found to be well correlated with molecular 
(for example ionization potential) and bulk (for example oc- 
tanol/water partition coefficient [log P]) parameters of the 
chemicals.

' 

Laboratory investigations on the toxicity (Microtox test) of 
over 60 chlorophenols, -anilines, -benzenes, -nitrobenzenes. 
and -pyridines show nearly parallel dependencies on log P of 
the mentioned groups (Fig. 15). Furthermore, the intercepts of 
these parallels were found to be related to the (molecular) 
hydrophilic effect parameter. Research is presently underway 
on a large series of 1,4-disubstituted benzene derivatives with 
different functional and substituent groups. (Kaiser, Ribo, 
Comba) 

Degradation of Toxic Organic chemicals. Degradation 
through chemical interaction with water (hydrolysis), by itself 
or of contaminant derivatives derived through oxidation, reduc- 
tion, irradiation and metabolic processes, is a major removal 
mechanism for many toxic chemicals. Studies are undertaken 
to elucidate the mechanisms, products and rates of these 
processes for selected chemicals and contaminant groups. 

Aniline and a total of seven chloro-anilines were exposed 
to four strains of yeast and yeast-like fungi, comprising two 
oxidative (Rhodotorula) and two fermentative (Pichia and
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Figure 14. 

Saccharomyces) species. Partial degradation was observed 
for the lower chlorinated isomers‘ and the concentrations pro- 
ducing growth reductions of 50% were quantitatively corre- 
lated with octanol/water partition coefficients of the isomers. 
(Kwasniewska, Kaiser). 

Four intermediates during the microbial transformation of 
2,4—dinitroto|uene have been identified-, and two of these were 
nitroso compounds (2-nitroso-4-nitrotoluene and 4-ni_troso-2- 
nitrotoluene), which are the hypothetical intermediates and 
have eluded previous detection. Two nitroso compounds were 
unstable and could be observed only at the early stage»of'2,4- 
dinitrotoluene anaerobic degradation. This study demon- 
strated the possibility of treating the toxic nitro aromatics with 
anaerobic biodegradation techniques. (Uu, Thomson) 
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Tetrachloroethylene concentrations in Lake St. Clair surface water in summer 1984. All values are in nanograms per litre. 

Chemical oil dispersants have been used to combat oil 
spills, but their fate in aquatic environments remains uncer- 
tain. A study showed that treatment of oil spills with chemical 
dispersants is unlikely to cause any build-up of organic con- 
tamlnants i_n the aquatic environment. The application of bio- 
technology in thetreatjment of petroleum waste as well as in 
the assessment of a chem,ical‘s persistence and fate in the 
aquatic environment were also investigated in an effort to 
achieve the goal of technology transfer to industry and other 
governmental agencies. Due to the vast number of existing 
and newly introduced chemicals in the environment, there is a 
direct need for a rapid and accurate short-term bioassay pro- 
cedure to assess the acute and sublethal toxicity of chemical 
compounds. Therefore, a rapid and inexpensive screening
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Figure 15. Plot of the tox_icit_ies (30-min Microtox test) of 68 
chlorinated compounds versus their octanoi/water 
partition coefficiengs (log P). 

procedure based on the quantitative measurement of the inter- 
action between toxicant and microbial dehydrogenase was 
developed for the toxicity assessment of water-soluble and 
water-insoluble chemicals. In addition, ten bacterial test sys- 
tems for the scr'eeni_r_‘1g of chemical toxicity were also systemat- 
ically compiled into a book to faci_l_itate the advancement of 
short-term bioassay. Since alkalinity may affect chemical tox- 
icity, a micro manometric method based on the quantitative 
measurement of carbon dioxide liberated from a sample by an 
acidic buffer has been developed_ for assessing the alkalinity of 
natural water and wastewaters. To refine the short-term bio- 
assay techniques further, factors affecting the s,truc_ture- 

activity relationship were studied using various types of chemi- 
cals and bacteria. (Uu, Thomson) 

Studies on the conversion of certain PCB components to 
insoluble humic-like materials have been completed and the 
results are now in press..An investigation of the biochemistry of 
pentachlorophenol degradation by bacteria was begun but 
was interrupted for a period of seven months due tothe sec- 
ondment of the scientist in charge to assist CIDA in Ethiopia. 
(Baxter) 

Contaminant_ Fate Research In the Great Lakes. The po- 
tential av‘ailabil_ity‘ of contaminants adsorbed onto sediment to 
benthic organisms and, through desorption directly to the 
water, has been of concern for a considerable time. Th_erefore, 
a study was undertaken to determine the uptake of several 
chlorinated hydrocarbons by aquatic worms from con-. 
taminated sediments. It was found that the concentration fac- 
tor, CF (chemical concentration in worm/chemical concentra- 
tion in sediment), varied considerably with chemical structure 
and sediment type. For example, CFs varied from 0.06 for 
1,2,4,5-tetrachlorobenzene to 6.7 for octachlorostyrene — a 
difference of over two orders of magnitude. Because of the 
different CFs for various chemicals, the oligochaete worms 
contained a chemical mixture different from the sediment in 
which they lived. Thus, worm predators such as small fish 
would be subjected to a different chemical mixture than is 
found in the sediments. 

In contrast to these results, the desorption of chlorinated 
chemicals from suspended sediments into the aqueous phase 

changed very little with chemical structure. Temperature 
seemed to be the most important variable governing desorp- 
tion rates. Desorption half-lives decreased from 60 days at 4°C 
to 40 days at 20°C to 10 days at 40°C under continuous purging 
of the organics from the water. Some crude estimates of the 
loadings of che:m_ica_ls via desorption from bottom sediments in 
Lake Ontario were compared with loadings of these chemicals 
from the Niagara River. For compounds with low current load- 
ings from the river, desorption from bottom sediments could 
play a significant role in controlling lake water concentrations. 
(Oliver, Nicol) 
A two-year study on 31 chlorinated compounds in weekly 

samples from the N_iagara Fiiver showed a measurable back- 
ground concentration for most contam_i_n,ants (likely because of 
steady leaching from chemical waste disposal sites along the 
river), and large unpattemed concentration spikes (likely be- 
cause of direct chemical discharges to the river). Although 
some reduction in discharges has been achieved in recent 
years, this study shows that chemical dumping into the river is 
still a problem. - 

The river contaminants adsorbed to settling particles in 

Lake Ontario have been studied using sediment traps. Con- 
taminant fluxes to the lake sediments were found to be much 
lower than anticipated, likely due to significant volatilization 
losses from the lake. The trace organic composition of sedi- 
ment trap material revealed that considerable resuspension of 
bottom sediments is occurring in Lake Ontario, particularly 
during the winter months. (Oliver, Nicol, Charlton) 

Studies on the uptake and elimination of contaminants by 
rainbow trout (with A. Niim_i, Great Lakes Fisheries Research 
Branch) are continuing. The bioconcentjration factors deter- 
mined in these studies have been related to physical-chemical 
properties of the chemicals. The correlation is good for small 
compounds with low octanol-water partition coefficients. 
(Oliver, Nicol) 

INOHGANIGS SECTION 
This Section determines the persistence and fate of in- 

organic and organometallic contaminants in, aqu_ati_c eco- 
systems by conducting investigations of contaminated eco- 
systems and laboratory studies on the physical, chemical and 
biological factors that determine the persistence and fate of 
metals and organometals in aquatic ecosystems. Physical 
factors include atmospheric deposition to water, volatilization 
from water,_ and adsorption to suspended solids and sediment. 
Chemical factors include metal complexfonnation and specia- 
tion, hydrolysis and sunlight photolytic degradation. Biological 
factors include uptake by a variety of aquatic organisms, with 
subsequent transformation (e.g. methylation_ of metals) and 
degradation. 

Fate of Trlbutyltln In Aquatic Environments. Tributyltin is a 
pesticide that is widely used as an antifouling agent in boat 
paint, as a slimicide in cooling towers, and as a general lumber 
preservative. It is very toxic to aquatic life. The goal of this 
study is to determine its occurrence, persistence and fate in 
aquatic ecosystems. 
A survey of water and sediment for tributylti_n from 250 

locations in Canada is nearing completion. Preliminary results 
indicate that tributyltin is mainly found in harbours and marinas 
and otherareas of heavy boating and shipping traffic, and this 
is probably due to its use as a_n antifouling agent in paint for 
boats, ships and docks. Table 3 shows some preliminary re- 
suIts‘on the occurrence of tributyltin.
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Table 3. ’ll'ibu_tyltin in Water, Sediment and Fish 

Tributyltin - Most 
concentration contaminated 

Medium Occurrence range locations 

Water 37 of 110 locations 0.,01-18.10 ug-L-1 Toronto, Port Hope 
and Whitby harbours 

Sediment 20 of‘ 76 locations 0.01-3.52 mg-kg-1 Toronto, Montreal 
. 

_ 

dry weight and Whitby harbours 

Fish 4 of 13 locations 0.01-0.02 mg-kgv-1 Hamilton Harbour" 
dry weight 

Twenty-two of the 37 water samples shown in Table -3 had 
concentrations exceeding the value of 0.07 Sn p.g-L-1, which 
causes growth retardation in rainbow trout fry, and the trib- 
utyltin concentration at one location, Toronto Harbour, ex- 
ceeded the 24-hour LC50 value of 11 Sn pg-L-1 for adult rain- 
bow trout. Thus there is cause for concern with regard to 
chronic toxicity of "tributyltin to sensitive organisms in these 
areas. The toxicological significance of sediment-bound trib- 
utylti_n is st_i_l,| in question. It has generally been assumed that 
adsorption of tributyltin to sediments constitutes a mechanism 
for removal from aquatic environments. We have, however, 
shown that oligochaete worms can take up tributyltin from 
sediment, thereby making it potential_ly bioavai_|able to bottom- 
feeding fish. 
An intensive investigationgof the environmental chemistry 

and fate of tributylti_n showed that the mainfactors limiting the 
persistence of this pesticide were sunlight and bacterial degra- 
dation, and under Canadian conditions, the half-life is at least 
several months. The ultimate fate of tributyltin is probably 
conversion to harmless insoluble stannic oxide, and precipita- 
tion to the sediments. (Maguire, Tkacz) 

Occurrence and Fate of Alkylleads In Aquatlc Environ- 
ments. Fish, sediment and surface water microlayer samples 
from the St. Clair and St. Lawrence rivers were found to contain 
significant concentrations of tetra-, tri- and dialkyllead species 
(where alkyl = methyl or ethyl), which are believed to be 
derived from tetraalkyllead antiknock production plants in the 
areas. Triethyllead is generally the most toxic of the alkyllead 
species to aquatic organisms. Freshwater clams (Elliptio com- 
planata) accumulate triethyl- and trimethyllead in muscle and 
viscera, and apparently do not metabolize these species. 

Alkyllead compounds are degraded by sunlight in suc- 
cessive dealkylation steps to inorganic lead. Half-lives of deg.- 
radation are generally of the order of hours to days. 
The abiotic methylation of lead (ll) to methyllead (IV) by 

methyl iodide proceeds quickly. Such a process may be envi- 
ronmentally important in view of the presence of methyl iodide 
in naturalwaters, and may provide the reason for the existence 
of methyllead and methyltin species in natural waters remote 
from anthropogenic sources. Although environmental trans- 
methylations between some elements have been shown to 
occur, methyllead (IV) is probably not produced in such a 
fashion. Methyllead species, however, can transfer the methyl 
group to other metals such as tin. 

Preliminary work has been done on the use of the adenylate 
energy charge ratio in phytoplankton as an indicator for envi- 
ronmental stress. The ratio is based on the concentrations of 

’ ATP, ADP and AMP in an organism. It may have great value as 
an indicator of environmental stress of pollution if, as hypoth- 
esized, the concept can be generalized to all levels of aquatic 
food chains. (Chau, Bengert) 
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Bloavallabillty of Toxic Metals, Metalloids and Phos- 
phorus In Aquatic Ecosystems. A study of the geochemical 
availability of elements in bottom sediments of the Detroit" 
River and western Lake Erie has shown that hydrous iron 
oxides are the dominant extrinsic factors controlling the envi- 
ronmental mobility of phosphorus, cadmium, zinc, cobalt, 
lead, chromium, nickel and managanese. in the aquatic eco- 

’ system it is suggested that the presence of a large excess of 
iron over phosphorus (because of the implementation of 
abatement measures for the latter) is beneficial because of the 
efficient scavenging of inorganic contaminants. The Welland 
River was shown to contribute 12 t of zinc per year to Lake 
Ontario, which is 9% of the 136 t contributed by the Niaga_ra 
River. This percentage is expected to rise, since the major 
source ofizinc to the Niagara River, the Bethlehem Steel Corp., 
ceased steel-making operations in 1983. 

Research is underway (1) to validate analytical methods for 
determining the speciation of cadmium and its availability in 
water, sediment and other environmental “compartments” and 
(2) to determine the geochemical pathways of inorganic con- 
taminants in the St. Lawrence River and in Hamilton Harboufir, 
(Lum, Kokotich) 

Metal and Metalloid Speclatlon and Bloavallablllty. The 
association of metals with various sediment components was 
investigated by the separation of sediments from Lake Erie 
and the Niagara and Detroit rivers into seven size fractions. 
The geochemistry and mineralogy of each size fraction were 
determined together with concentrations of metals. The re- 
sultsindicated that most of metals were associated either with 
clay minerals or organic matter in Lake Erie. Fine particles 
from the Niagara and Detroit rivers contained up to 26 times 
higher concentrations of lead, zinc, copper, chromium and 
cobalt than fine particles from Lake Erie. These fine particles 
are susceptible to resuspension and transport from the Detroit 
and Niagara rivers into Lakes Erie and Ontario, respectively. 
The Shubejnacadie River headwater lakes in Nova Scotia 

. are contaminated with arsenjcrand mercury as a result of past 
gold mining activities in the area. Studies of pathways of arse- 
nic and mercury through the food chain showed significant 
uptake by benthicorganisms, particularly aquatic worms, chi- 
ronomids and clams. (Mudroch, Kokotich) 

RADIONUCLIDES SECTION 
The major objective of this Section is to study the behaviour 

of both naturally occurring and artif_icial_|y produced radio- 
nuclides in the Canadian aquatic ecosystems. Studies include 
the delineation of pathways of radionuclides discharged to 
rivers and lakes; the measurement of levels of these radio-



. 

..-.....—- 

nuclides in water, biota and sediments; the development of 
methods for the determination of these radionuclides; and the 
application of predictive models for the dispersion of radio- 
nuclides in surface waters. 

Uranium-Series Radlonuclldes in Langley Bay, Lake 
Athabasca (Saskatchewan) Ecosystem. Levels of these 
radionuclides have been measured in over 150 sed_i_ment, 
water, fish and aquatic plant samples i_n order to study the 
extent of radionuclide contamination due to an abandoned 
uranium mine_waste site. A preliminary evaluation of the data 
indicates that the contaminants are being transported by sedi- 
ments to Lake Athabasca. The radionuclide measurements 
are now being supplemented by stable element (20) data. The 
distribution of radionuclides in various fish organs is also being 
investigated. (Joshi, Platford, Thompson) 

The Port Granby Radioactive Waste Management 
Site. Our’ analyses for radioisotopes leached from the site 
were completed in 1984. The concentrations in various loca- 
tions at thesite and downstream from it are given by symbols 3 
through 9 in Figure 16. The concentrations of both 226Ra and/ 
or uranium are within the maximum acceptable limits for drink- 
ing water (as set out by the Department of'National Health and 
Welfare) at all points more than 1 m out from the shore of Lake 
Ontario. (Platford, Joshi, FitzGerald) 
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Figure 16. Radium/u'ranium ratio in typical solid and liquid com- 
partments associated with the Port Granby site in 
Ontario, WMS — waste management site. 

Radionuclide Pathways in the Niagara River/Lake On- 
tario. Levels of 137Cs, 238Pu, 239,24°Pu, 241Am and various 
uranium and thorium isotopes have been measured in five 
21°Pb-dated sediment cores from Lake Ontario. A preliminary 
analysis of data shows that these locations receive non-fallout 
inputs of 1370s, 238Pu, 239,24°Pu and 241Am_. A unique feature, 
common to all locations, is the incompatibiiliity of the 1370s 

profile with those for transuranics. Further work is underway to
9 

assess these profiles and the role of sediment mixing. (Joshi, 
Thompson) 

ACID DEPOSITION SECTION 
The objective of research projects conducted by the Acid 

Deposition Section is to quantify and understand the hydro- 
geochemical response of acid-sensitive basins to the deposi—- 
tion of air pollutants. Two projects are underway, both utilizing 
-the remote Turkey Lakes Watershed (T LW) asthe field study 
site. The first study employs calculation of mass balances in 
the TLW to define the most important geochemical mecha- 
nisms controlling the “dose-response" relationship for this 
basin, and the second study is focussed on determining the 
factors or processes controlling the short-terrn acidification 
associated with spring snowmelt. 
The TLW is an undeveloped, hydrologically calibrated basin 

(area = 10.5 km’-‘), located 50 km north of Sault Ste. Marie, 
Ontario. it is completely forested (mixed hardwood) and con- 
tains a chain of five lake basins which exhibit a range of 
geochemical sensitivity and response to acidic deposition. For 
example, mean lake alkalinity increases from 0.04 to 0.19 
meq-L-1 from the headwater to the lowest lake in the chain. 

Geochemical Mass Balances in a Calibrated Water- 
shed. All data necessary for calculating lake mass budgets 
have been collected from June 1981 to May 1985. Mass bud- 
gets of ions for two “water-years” (June—May, 1981/82 and 
1982/83) for a high elevation lake (Batchawana Lake South) 
and a low elevation lake (Turkey Lake) have been calculated. 
For example, budgets for selected parameters for the second 
water-year are given in Table 4. The budgets show that almost 
all of the hydrogen ion, but only part of ammonium and nitrate 
entering the lake are retained (Output — Input <1); therefore all 
three species play an acidifying role i_n the TLW. Sulphate 
budgets are approximately in balance, that is, sulphate in the 
TLW is in a steady-state condition. Excess output of calcium 
and particularly alkalinity over input suggests the presence of 
unaccounted sources for these two ions. Probable sources 
include ground water and primary production; a possible 
source is within-lake alkalinity generation via sulphate reduc- 
tion. The mass budget studies in the TLW are continuing. 
(Jeffries, Semkin, Neureuther, Seymour, Gough) 

Snowmelt and Acid Shock. The accumulation and loss of 
ionic pollutants from the snowpack have been stud_ied in the 
TLW since 1981. In 1985, a snow-box was used to contain (in 
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Figure 17. Hydrogen ion in snowpack and snowmelt.
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Table 4. Mass Budget (keq) of Selected Ions for Batchawana Lake South and Turkey Lake for June 1982 - May 1983 

Inputs _ 

Bulk Terrestfial Major Total Total 

Ion Lake deposition 
7 

basin inflow input output Out/I 

H Batchawana 4.3 1_.4 0.4 5.1 1.2 0.19 

Turkey 38 0 1 40 0 0 

Ca Batchawana 0.5 42.2 20.8 63.4 91.9 1.45 

‘Turkey 4 504 1043 1551 1972 1.27 

NI-I4 Batchawana 1.5 0.4 0.8 2.7 2._3 0.85 

Turkey 14 2 3 18 10 0.57 

Alk Batchawana -4.3 4.4 6.0 6.1 28.3 4.68 

Turkey -38 249 580 788 1260 1.60 

S04 Batchawana 4.5 46.5 20.3 71.3 81.3 1.14 

Turkey 40 262 582 883 936 1.06 

N03 Batchawana 2.3 6.3 2.3 10.8 9.3 0.86 

Turkey 20 -53 78 152 1 1 1 0.73 

situ) the accumulating snowpack and later to channel all me|t- Rgsgarchers 
water output plus rainfall into a “volume priority” traction col- 
lector. An example of the hydrogen ion concentration in the 
snowpack and meltwaters is shown in Figure 17. Our studies 
show that in the TLW, the water quality of snowmelt water is 
strongly influenced by the occurrence of rainfall. In particular, 
the majoracid anion accumulating in the snowpack is nitrate; 
with the influence of spring rainfall, however, the dominating 
anion in the m_eltwater is usually sulphate. (Jeffries. Semkin, 
English, Neureuther) 
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The Analytical Methods Division is responsible for the re- 
search, development and evaluation of new, improved and 
more cost effective manual and automated analytical tech- 
niques (including sample collection, preservation and screen- 
ing procedures) for the measurement of che_m_ical, bio- 
chemical and microbiological parameters in water, sediment, 
suspended solids, biological materials and effluents. Ana- 
lytical methodology support is provided to the Water Quality 
Branch (National and Regional laboratories), the National 
Water Research Institute, the Great Lakes Water Quality Pro- 
gram, the Toxic Chemicals Management Program, the Long 
Range Transport of Airborne Pollutants Program, and other 
federal and provincial clients. The Division also conducts inter- 
laboratory quality assurance studies for all major water quality 
programs within the Department and provides centralized 
computer service to all components of the Canada Centre for 
Inland Waters. 

Division personnel maintain close contact with scientists in 
other Canadian federal departments, provincial governments, 
U.S. federal and state agencies, and universities. in some 
cases collaborative studies are undertaken_. The Division 
strongly supports the work of the International Joint Commis- 
sion, the International Standards Organization, the American 
Society for Testing and Materials, the Federal Interdepartmen- 
tal Committee on Pesticides and the Association of Official 
Analytical Chemists, by membership on com‘mi_ttees and task 
groups. 
The Division is made up of four sections: Analytical Chemis- 

try Research, Quality Assurance and Methods, Microbiology 
Laboratories, and Computer Services. 

ANALYTICAL CHEMISTRY RESEARCH SECTION 
The Analytical Chemistry Research Section is engaged in 

advanced methodology and instrumentation research. The 
research is directed toward thebdevelopment of new or im- 
proved tech_niques for the identification" and measurement of 
the priority chemical contaminants in water, sediment and 
biological material. The Sections mai_n objective is to provide 
cost effective, validated analytical methods to other agencies 
within Environment Canada. During the last two years, em- 
phasis has been on the use of analytical techniques such as 
high pressure liquid chromatography, gas chromatography, 
mass spectrometry, atomic and molecular spectroscopy, ra- 
dioimmunoassay, electrochemical, continuous flow and flow 
injection analyses. The Clean and Hazardous Chemicals Lab- 
oratory is also managed by the Section. 
The recent interest in supercritical fluid chromatography 

(SFC) at our laboratory is due to the potential advantages SFC 
has over high performance liquid chromatography (HPLC) and 
gas chromatography (GC). This interest was augmented by 
the development of small-bore column SFC. Small-bore col- 
umns are advantageous because column pressure drops are 
very low. The use ofp_ressure or density programming to effect 
selectivity as opposed to gradient elution fo_r HPLC or tem- 
perature programming for GC permits greater detection flex- 
ibility and the use of detectors such as the flame ionization 
detector; In the near future, we plan to use the mass spec- 
trometer and, eventually, the nitrogen/phosphorus detection 
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system. SFC can be used to separate a variety of complex 
oligomeric mixtures of surfactants, nonionic fluorine-con- 
taining surfactant FC-"171, polyglycerides with molecular 
weight over 1000 atomic mass units, and polycyclic aromatic 
hydrocarbons. Future work will concentrate on the application 
of SFC to environmental analyses. (Onuska) , r 

A separation method is being developed for the identifica- 
tion of organic nitrogen-containing compounds in sed_iment 
samples. Prefractionation of heteroaromatic compounds 
(HAC-) from sediments into d_i,scr‘ete chemical classes is being 
performed by adsorption column chromatography using small 
quantities of neutral aluminum oxide and silicic acid. Subse- 
quent high resolution separation of individual components has 
been achieved by using open tubularcolumn-high resolution 
gas chromatography (HRGC). Specific compound types are 
determined by GC-retention data and HRGC/MS. The prin- 
cipal classes identified in solvent-refined coal liquid and pe- 
troleum extracts were aliphatic hydrocarbons, polycyclic aro- 
-matic hydrocarbons, nitrogen-containing H,ACs, and hydroxy- 
lated PAH fractions. 
Water samples and suspended sediment samples from the 

Ottawa River were analyzed for base-neutrals, PCBs, chlori- 
nated benzenes and organochlorine pesticides. Small quan- 
titles of PAHs and phthalates were confirmed by HRGC/MS, 
and traces of PCBs and OCs were identified by H_RGC/ECD. 
Sa_rnp|_es containing 2,3,7,8-TCDD were analyzed by HRGC/ 
HRMS, and a minimum detection limit of'2 ppt in fish and 
sediment was established. Numerous samples suspected of 
containing 2,-3,7,8-TCDD were analyzed for the Water Quality 
Branch. (Onuska) 

Various methods of sample treatment, extraction and 
cleanup were evaluated in order to develop a suitable ana- 
lytical scheme for selective determination of polychlorinated 
dibenzo-p-dioxins by HRGC/ECD or HRGC/MS in a variety of 
environmental samples. Samples conta_in_i_ng dibenzofurans 
were also subjected to the cleanup and separation pro- 
cedures. Recoveries of 85% to 98% were obtained. The trans- 
fer of this technology to the National Water Quality Laboratory 
has been completed. Considerable time and resources were 
spent to maintain the operation and services of the Clean and 
Hazardous Chemicals Laboratory for internal and external 
clients. 
Radioimmunoassay (RIA) techniques have been proposed 

for the rapid and inexpensive screening of large numbers of 
environmental samples for polychlorinated dibenzo-p-dioxins‘ 
and other trace, organic contaminants. A procedure was 
adapted forlabelling 2,3,7,8-TCDD with 125i, and purifying and 
characterizing the reaction products on a repeatable basis. 
The repeatability of the RIA for PCDD was established using 
2,3,7,8-TCDD standards, and the assay was standardized and 
calibrated. A variety of environmental samples and potential 
interferences were analyzed using RIA. The interfacing of the 
RIA for PCDDswith an extraction and cleanup procedure is in 
progress..A new method for solubilizing PCDDs for analysis by 
RIA was developed and is being evaluated. (Sherry, Wilkinson) 
The presence of the pesticide toxaphene in the aquatic 

environment is a major concern to those responsible for water 
management. A study was undertaken to develop a method 
that would measure the concentration of toxaphene and that 
could be easily transferred to the National Water Quality Labo-



ratory. To this end, the existing organochlorine methodology 
was modified and the extracts an_a|yzed by capillary detector. 
The success of the method relies on the selection of suitable 
peaks to quantify the material. It was found that under specific 
operating conditions, there were 48 peaks that individually 
contributed at least 0.7% to the toxaphene formulation. From 
these peaks, 11 peaks were selected that were not susceptible 
to interference by other common organochlorines and were 
recovered quantitatively through the cleanup steps. Under 
normal conditions using split/splitless GC injection tech- 
niques, a minimum of 10-10 g could be detected. (Scott) 
A continuous liquid-liquid extractor was designed for the 

extraction of organics from large water samples. This develop- 
ment was undertaken to lower detection limits in the deter- 
mination of organics, such as organochlorines, pesticides and 
PCBs. The extractor (Fig. 18) uses a combination of a mixer 
settler and a counter-current packed column. Two sizes of 
extractor have been constructed, one for sample flows of up to 
500 mL~min-1, and the other for flows up to 1 L-min-1. These 
extractors have been used to extract up to 50-L water samples 
with about 150 mL solvent. The practicality of the design has 
been confirmed by operating them in the laboratory, on board 
ship and in a vehicle in the field. The preliminary results show 
that they give essentially complete extraction of the organics. 
(Goulden)

~ 

Figure 18. Large sample extractors set up for sequential a.cid-base/ 
neutral ex’trac’tio'ns. 

Inorganic Parameters. Flow injection analysis (Fl_A) has 
been adapted for automated sample delivery in atomic ab- 
sorption spectroscopy. It entails automated insertion of dis- 
crete volumes of the sample into a constantly flowing Ian-

~ 

thanum solution. The system achieves Ca and Mg analyses 
with high precision (less than 2% relative standard deviation) 
and low detection limits (1 ppb) at speeds of 120 to 140 sam- 
ples per hour. 
An FIA method for determination of dissolved oxygen has 

been developed. Samples preserved at the acid stage of the 
Winkler method are injected into a standard reagent stream 
and measured by spectro'photomet_ry. Achieved precision is 
2% relative standard deviation and the detection limit is 
0.05 ppm D.O. at a sampling rate of 100 samples per hour.. 

Flow injection analysis methods using colorimetric detec- 
tion for NH4+, P043‘, N03“ and N02‘ have also been devel- 
oped. Simultaneous dete’rmi_nation of all four parameters can 
be performed at a speed of 90 samples per hour. Relative 
standard deviations are less than 2% and required limits of 
detection are achieved. A simultaneous calibration curve for 
NH3 and N02‘ is shown in Figure 19. 
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Figure 19. Simultaneous calibration of FIA methods for NH3 
and N02‘ using colorimetric detection. 

Procedures for preservation of water samples for analysis of 
dissolved oxygen, cyanide and iodide have been developed 
and evaluated. The procedure for dissolved oxygen is by fixa- 
tion at the acid stage of the Vlfinkler method. This stabilizes the 
sample for up to eight weeks. Cyanide samples preserved with 
NaOH remain stable for nine weeks. Using the developed 
fixation procedure, iodide samples can be stabilized for up to 
seven weeks_. 

Electrochemical methods for sub parts per billion levels of 
Cu, Cd, Pb and Zn (flowthrough differential pulse stripping 
voltametry) as well as for low levels of CN‘ (gas permeable 
accumulation and amperometric detection) are in progress. 
(Sek_er_ka)

' 

A study was made of the relative suitabilities of an induc- 
tively coupled argon plasma (ICAP) and a microwave excited 
helium plasma (MIP) as the sources in an element-specific 
detector for capillary column gas chromatography. The results 
showed that MIP is more suitable forthe determination of Br, Cl 
and F; both sources are equally suitable for the determination 
of C, P and S; and ICAP is the preferred ejxcitation source for 
the determination of organometallics such as Sn and Pb. 
(Goulden)
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QUALITY ASSURANCE AND METHODS SECTION 
The work of the Section comprises three main areas: quality 

assurance (QA); development of reference and certified refer- 
ence materials (RMs and CRMs); and methods development. 
The quality assurance programs involve the design and imple- 
mentation of several types of quality control (QC) studies as 
well as investigations of sample homogeneity and stability. 
These QA programs assess the analytical performance and 
ensures the generation of reliable, valid and comparable ana- 
lytical data on a regional, national and international basis. Only 
by co||ecti_ng and using data with specified tolerance limits can 
we be sure that spatial and temporal trends are statistically 
significant and that data from different laboratories are com- 
parable. Development of CRMs and RMs is essential to in- 
crease the effectiveness of these qua|_ity control studies. 

Quality Assurance (QA). Two new studies have been initi- 
ated in 1985: 

(1) Federal-Provincial Water Quality Monitoring Agreement 
QA Program. in response to the Agreement between Envi- 
ronment Canada and the Province of Quebec, a new QA 
program was developed and initiated in July of 1985. Si_x_ 
QA studies have been distributed to date. (Gorrie) 

(2) Upper Great Lakes Connecting Channel Studies (UG- 
LCCS)-QA Program. This binational (U.S. and Canada) 
program was initiated inlate 1984. An overall QA program 
was developed and individual studies will start i_n 1986. 
The Section takes a lead role in the data quality manage- 
ment for the UGLCCS, advising on data quality and con- 
ducting interlaboratory studies. (Chau) 

In addition to these activities, the Section actively continued 
its ongoing national and international quality assurance 
studies.

T 

The Long Range Transport of Air Pollutants (LRTAP) QA 
study was initiated in 1982 in response to a concern about data 
comparability and quality among laboratories generating data 
for the LRTAP program. Each year, three multi-sample inter- 
laboratory comparison studies for 40 inorganic parameters in 
water are designed and sent outto approximately 60 Canadian 
and several U.S. laboratories. Integrated reports based on 
percent bias and percent flagged statements are sent to all 
participants. (Dookhran) . 

The Prairie Provinces Water Board QA study, initiated in 
September 1982», is designed to assess and improve the com- 
parability of water quality data generated by federal and prai_rie 
provincial laboratories’ (Alberta, Saskatchewan and Man- 
itoba). Twelve studies, each involving 40 inorganic param- 
eters, are conducted each year. Extensive computer programs 
and several data files are being generated to meet the objec- 
tives of the study. (Alkema) 

Under the auspices of the International Joint Commission, a 
QA study specifically designed for dredging programs in the 
Great Lakes Basin was initiated in September 1983. There are 
four key components in this study:- design and conduct of 
intercomparison studies; development of specific certified ref- 
erence samples; design of suitable computer programs to 
assess comparability and short- and long-term laboratory per- 
formance; development of_QA criteria for analytical contracts 
for d_redgi_ng programs. Three interlaboratory studies were 
completed in this report period. (Lee) 
The National QC Study includes over 100 federal, provincial, 

university and private laboratories and contains both inorganic 
and organic parameters in water and sediment. These na- 
tional studies serve (1) to assess methodology and data of the 

Water Quality Branch laboratories by comparison with peer 
laboratories, (2) to establish laboratory performance of Water 
Quality Branch and private laboratories, (3) to permit selection 
of private laboratories forcontract analyses, and (4) to provide 
additional data for certification of reference materials. This 
year one interlaboratory study for PAHs in sediment and one 
for S04: in coloured waters were conducted. (Lee, Cheam) 
The Section has also provided a lead role in QA for the 

International Joint Commission's Great Lakes International 
Surveillance Program. International intercomparison studies 
for phosphorus in effluents, trace metals in water and organics 
in fish have been conducted this year. (Aspila) 
A QA study for herbicides was designed a_nd conducted 

under‘ the auspices of the Federal Interdepartmental Commit- 
tee on Pesticides. (Lee) 

Research and development of certified reference materials 
continued in support of the quality assurance programs. Two 
sediment CRMs for polynuclear aromatic hydrocarbons 
(PAHs) are now completed, and a third sediment for PAHs is at 
its final stage of certification. These PAH CRMs are the first of 
their type available. (Lee) 

Sample Stability and Preservation. The centralization of 
the Inland Waters Directorate Water Quality Branch laborato- 
ries has resulted in longer time periods between sample col- 
lection and sample analysis. Since a major consideration in 
the reliability of any laboratory measurement is that of sample 
integrity, technological needs for the sample processing and 
handling prior to analysis must be addressed. Phase 1 of a 
preservation study (major ions and nutrients) was completed 
in 1984, and phase 2 (trace metals) was completed in 1985. 
(Arafat) 

Methods Development and Technical Transfer: Analytical 
methods forthe following parameters in waterwere developed: 
chlorophenols (by in situ acetylation, chloroacetylation and 
pentafluorobenzyl etherformation); 10 acid herbicides by gas 
chromatography; 11 triazines by gas chromatography; and a 
multi-class multi-residue method for some 45 organic param- 
eters in water and sediment. The herbicide methodology was 
transferred to the Water Quality Laboratory for routine applica- 
tion. (Stokker, Lee) 

MICROBIOLOGY LABORATORIES SECTION 
The Microbiology Laboratories Section has two main func- 

tions. The first is to develop, evaluate and modify micro- 
biological methods and criteria for assessing and monitoring 
water quality. These methods are distributed nationally and 
internationally through a methods manual entitled “Micro- 
biological Analysis of Waters, Wastewaters and Sediments.” 
To validate the methods, they are used routinely in field and 
laboratory studies to obtain a data base. Recent studies have 
been primarily devoted to toxicant screening tests, with a 
smaller proportion of time being spent on enumeration and 
isolation techniques related to bacterial populations in sedi- 
ments, water, sewage and industrial waters. 
The second major role that the Microbiology Laboratories 

Sectionfulfills is the application of the technologies mentioned 
above to environmental research. The main thrust of this re- 
search is to study the effects of acid rain, and industrial and 
domestic wastes on microorganisms in the aquatic eco- 
system, and the reactions of these contaminated waters and 
sediments to various microbiological toxicant screen_ing tests.
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During the period covered by this report, Microbiology Labo- 
ratories Section staff concentrated their efforts in four main 
areas: 
(1 ) Completion of the cross-Canada distribution pattern study 

on Legionnaire’s Disease Bacillus (Legionella). 
(2) Initiation ofa four-continent study on the use of coliphage 

as indicators of water quality. 
(3) Evaluation of the effects of acid rain on toxic metal interac- 

tions with bacteria in aquatic systems. 
(4) Completion of a microbiology study of Lake St. Louis 

sediments, emphasizing microbial responses to loadings 
and toxicant distribution patterns based on microbial 
screening tests. 

Microbiology Laboratories staff were also involved in the or- 
ganization of two international symposia. The First lntema- 
tional Symposium on Aquatic Microbial Ecology held at CCIW 
on May 13-15, 1985, was co-chaired by S.S. Flao. A total of 37 
papers were presented by delegates from ten countries. The 
Second lntemational Symposium o_n Toxicity Testing Using 
Bacteria was held on May 6-10, 1985, at the Banff Centre, 
Alberta. Sixty papers were presented at this symposium by 
delegates for 21 countries. D. Liu and B.J. Dutka-, Co- 
Chairmen of the Toxicity Symposium Committee, coord_i_nated 
and managed the symposium with the Department of Environ,- 
ment, Alberta, as the co-sponsor. 

Microbiology staff also collaborated with a number of inter- 
national methods development organizations for microbiology 
water quality, such as ASTM, APH_A standard methods, Inter- 
natio_na_| Standards Organization, and the AWWA Micro- 
biology Problems Working Group. Microbiology staff partici- 
pated in several other projects such as Lake Erie studies to 
ascertain the effects of reduced material loadings on bacterial 
populations and activities; an inshore Lake Ontario sediment 
survey (Kingston to Niagara River) to evaluate a battery of 
microbiological analytical techniques, e.g., fecal sterols, fecal 
coliform MF and MPN and toxicant screening tests, in order to 
develop a composite “hot spot" map based on a new battery of 
biochemical, microbiological and toxicant screening tests; and 
a study of the Ottawa River at Lemieux Island to evaluate the 
effect of improved sewage treatment processes on Ottawa 
River quality by means of bacterial enumeration and toxicant 
screening tests. 

Legionella Studies. In 1982/83, in conjunction with the De- 
partment of National Health and Welfare, a national survey on 
the distribution patte_rns of Legionella organisms in natural 
waters, potable waters and cooling tower waters was initiated 
with a study centred on southern Ontario. In 1983/84, this 
survey expanded to include Lake Superior, the rivers and lakes 
of New Brunswick, Nova Scotia, Prince Edward Island and 
eastern Quebec, as well as potable water distribution lines and 
cooling tower waters from buildings in the following cities: 

Vancouver, Edmonton, Calgary, Poplar River, Regina, Win- 
nipeg, St. Catharines, Mississauga, Ottawa, Montreal, Que- 
bec City, Fredericton and Halifax. During the 1984/85 fiscal 
year, this cross-Canada study was completed by the collection 
of water samples from rivers, lakes and hot springs in British 
Columbia, Alberta, Manitoba, and western and northern On- 
tario. These studies indicated that Legionnaire's Disease 
Bacillus could be found in waters across Canada and that this 
organism is a normal water bacterium. (Dutka) 

coliphage Evaluation. In 1983, the International Develop- 
ment Research Centre (IDRC) in Ottawa initiated, with the aid 
and recommendation of Microbiology Laboratories Section 
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staff, a project in S.E. Asia (Singapore, Malaysia and Thailand) 
to evaluate coliphage as an indicator of water quality and 
health risks. To support this IDRC initiative and provide a 
Canadian data base, a research study was conducted to eval- 
uate the coliphage procedure in Canadian waters. Water sam- 
ples for this study were collected from the Fraser River (B.G.), 
Ottawa River, St. Lawrence River and Lake Ontario. In early 
1985, a further international part of this study was initiated by 
involvement of three South American countries (Brazil, Chile, 
Peru) and three North African countjries (Egypt, Tunisia, 
Morocco). (Dutka) 

Acid Rain Microbiology. The effects of acid stress on bac- 
terial activity and bacterial interactions with toxic metals in 
aquatic environments are of primary importance in the study of 
the effects of acid rain on aquatic ecosystems. Several sedi- 
ment cores from Ontario lakes receiving acid precipitation 
were examined for (1) bacterial activity, (2) toxic metal concen- 
tration and (3) assessing the role of certain bacterial species in 
the sediment sulphate reduction process. 

It was demonstrated that low pH stress changed the bacte- 
rial cell envelopes, as shown in Figure 20. Bacterial respiration 
rates, which in turn resulted in a diminution of the normal 
nutrient cycling processes and bacterial organic matter degra- 
dation processes, were altered. Under laboratory conditions, it 
was shown that acid stressed or low-pH stressed bacteria 
responded to toxic metals such -as copper and aluminum to 
varying degrees. At pH 5, bacteria responded to copper by 
forming electron dense particles within their cell envelope, 
whereas aluminum stressed cells exhibited pleomorphism. 
This “bacteria-toxic-meta|” association at low-pH stress condi- 
tions may have important implications in acid stressed lakes, if 
related to bacterial associated transport of toxic substances 
through the food chain. Another important aspect of lake acid- 
ification process is the accumulation of sulphur at the surface 
sediments. A joint study_ by the staff of Microbiology Laborato- 
ries, McMaster University and Brock University revealed that 
sulphate-reducing bacteria in the deeper layers of the sedi- 
ment contributed to the excessive sulphur by bacterial sul- 
phate reduction. (Fiao) 

Lake St. Louis Sediments. The discharge of contaminants 
and toxicants into the Great Lakes water systems by municipal 
and industrial wastewater systems is of much concern. The 
long-term effects of toxicants to aquatic life, their distribution 
patterns, transportation and biodegradation rates are being 
studied within the Canadian Great Lakes Drainage System. 
The Microbiology Laboratories Section joined with other re- 
searchers to provide information on the distribution of toxi- 
cants within the sediments and to establish baseline values for 
long-term monitoring. To this end over 100 water and sediment 
samples were collected from 50 stations and were tested for 
total bacteria, respiring bacteria, aerobic heterotrophic bacte- 
ria, and certain physiological types of bacteria such as N2 
cycle and S-cycle bacteria. Other tests used on these samples 
were the Microtox test for toxicant screening data (Fig. 21) and 
ATP estimations for esti_mating toxic effect on in situ microbial 
biomass. Preliminary analyses of these data indicate that 
areas of high and low bacterial densities exist in the sediment, 
and the lower density areas are generally associated with 
areas where high concentrations of toxicants are found. 
Eighty-six percent of the surface sediments (3 cm) and 100% 
of the deeper sediments (10 cm) were found to contain toxi- 
cants, indicating that the effects of remedial actions are being 
seen in the surface sediments. (Rao, Kwan, Dutka)



Figure 20. Cell envelope changes as a function of pH in mixedlbactetial populations derived from McFa.rla.ne 
_L'ake, Ont. The make; represents 0._5 um;A — cells at pljl 7; B — cells at p!_jI 6; C — cells at pH 5; 
D — cells at pH 4.

~
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If‘igure.21. Sample being processed for toxicity by the Microtox 
Toxicity Screening Procedure. 

COMPUTER SERVICES SECTION 
The Computer Services Section provides operational and 

system software support for the large-scale computing facili- 
ties at the Canada Centre for Inland Waters. Services are 
made available to all components ofthe Centre, since much of 
current environmental research is dependent on the avail-. 
ability of adequate computing resources. The Sections work_ 
affects many NWRI research programs. 
The Sections facilities include a Control Data CYBER 171 

Computer System, a Digital Equipment PDP-11/60 Minicom- 
puter, a CALCOMP 925/1036 high-speed plotter and a data 
entry service. 
The Section also provides technical support for the Wang 

Office Information System, which provides administrative 
word processing for NWRI and Ontario Region, Inland Waters 
Directorate. 

Future Requirements Planning. The contract for the cur- 
rently installed CDC CYBER 171 System has been extended 
through July 1986 to permit sufficient time to complete the 
procurement of a replacement system. 

In the third quarter of 1984, a vendor survey was conducted 
to determine whether a competitive procurement of a new 
system was required. A letter ofinquiry was sent to 47 vendors 
taken from the DSS Master List of large computer suppliers. In 
al_|, 16 vendors replied, two with a positive response. One was 
Control Data Canada, the present supplier, and the other was 
IBM Canada. It appears that a competitive procurement will be 
required. 
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The Treasury Board Submission requesting approval, in 

principle, for the acquisition of a new computer system and the 
accompanying make-or-buy analysis were completed in April 
1985. The submission was approwad by Treasury Board for 
approval in December 1985. 

Software Upgrades and Development. No system software V 

changes were made during the report period. Because the 
CYBER 171 has insufficient memory to support the current 
version of the NOS operating system, all software upgrades 
will have to wait until the new system is installed. The CYBER 
is currently running with operating system software that is at 
least three years out of date. 
An electronic mail system for the CYBER 171 system was 

written. This has been particularly useful for communication 
between NWRI and field parties in the Montreal area. (Pulley) 
On the PDP-11, application development by staff of the Data 

Management Section has continued. Digitizing and data edit- 
ing applications are now operational, and a satellite imagery 
application is currently under development. Hardware prob- 
lems with the digitizing table appear to have been resolved, 
and the Hydraulics Division has made extensive use of this 
device. 

Computer Operations. CYBER system usage for the 
1984/85 fiscal year was 2763 hours of central processor time. 
This represents a slight decrease from the previous year's 
total, 2777 hours. This absence of Workload growth is the 
result of the departure of the Fisheries and Oceans 
Oceanography group from CCIW and the saturation of the 
CYBER system in the 8 a.m. to 5 pm. prime shift period during 
much of the year. 
The equivalent commercial value of services provided to 

CCIW amounted to $1 000 000. Non-NWRI usage amounted 
to 19.9% of the total. 
No CYBER 171 system downtime occurred i_n 1984/85. Dur- 

ing the first half of 1985/86,_three hours of downtime occurred, 
the result of problems with the chilled water supply to the 
central processor. Throughout the report period system avail- 
abi_l_ity exceeded 99%. 

Data Communications. The Section has been involved in 
the design of the data transmission capabilities of the new 
telephone system. This involvement included participation in 
the CCIW team, which provided overall specifications for data 
requirements and design of the communications for the 
CYBER 171. The new telephone system will provide more 
shared ports and h_igher speeds for users at CCIW. 
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The Hydraulics Division undertakes research into all as- 
pects of the hydraulics of inland waters and provides a multi- 
disciplined engineering capability in design, manufacture and 
maintenance of special equipment and measuring systems to 
support other inland water research teams. 

National programs are undertaken in applied and basic 
research related to hydraulic, fluid mechanic, hydrologic, 
geophysic and geologic processes in fluvial, lacustrine and 
man_-made environments. 

ENVIRONMENTAL HYDRAULICS SECTION 
There are three main areas of research in the Environmental 

Hydraulics Section: river hydraulics, riverice engineering and 
urban water resources. 

River Diversions. A review report on the effects of diversions 
on river regime has been completed. This report discusses the 
possible changes in the donor as well as the receiving streams 
which may occur as a result of the diversion of water from one 
stream to the other. Methods presently available for predicting - 

these effects are outlined. Research required for improving the 
predictive capability is discussed. (Lau) 

Resistance for Flows with Rippled Beds. Alluvial streams 
often have ripple formations on the river bottom. For calcula- 
tions of flow level, the ripple characteristics must be known. In 
addition, for calculating sediment transport, the part of the total 
flow resistance that contributes toward bed material move- 
ment requires evaluation, A series of flume experiments using 
different sizes ofmaterial has been carried out to obtain such 
information. (Lau) 

Transverse Mixing under Ice Cover. Data from field experi- 
ments in several river reaches under both ice—covered and 
open-water conditions have been analyzed to show that the 
dimensionless coefficient E2/U.H is the same for ice covered 
and ice free flow. The data also showed that the mixing coeffi- 
cient increased with sinuosity. (Lau) 

RIVMIX MK II: Users Manual. RIVMIX MK II is a computer 
model capable of predicting the transverse spreading of a non- 
conservative pollutant released into a natural stream as a 
continuous steady source. This is an updated version of RIV- 
MIX MK I which deals with the spreading of conservative 
substances. The Users Manual contains details of the model, 
input data arrangement and a listing of the computer program. 
(Krishnappan)

‘ 

Prediction of Sediment sorti_ng Using MOBED: Users 
Manual Update II. The model MOBE_D was updated to in- 
clude a sediment-sorting algorithm. With this algorithm, the 
model is now capable of predicting the size distribution of the 
bed sediment as a function of time and distance along the river 
in addition to predicting the usual water and bed level changes 
and other hydraulic and sediment transport characteristics. 
The details of the algorithm and the changes that resulted to 
thesource code and input data arrangements as a result of the 
inclusion of the algorithm are described in a users manual 
update. (Krishnappan) 
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Modelling of Flood Plain Flows. A turbulence model has 
been developed to predict the three-dimensional velocity dis- 
tribution and the distribution of shear stress around the wetted 
perimeter of compound channels consisting of a main channel 
and wider, shallower flood plains. The model predictions were 
compared with published data forthe total discharge at a given 
flowydepth, the division of flow between main channel and 
flood plain sections as well as the shear stress distribution 
around the wetted perimeter." (Krishnappan, Lau) 

Resistance of Sand Waves in Reversing Flows. At the 
request of Water Resources Branch, Pacific and Yukon Re- 
gion, a study is being conducted to investigate the flow resis- 
tance in the Pitt River, a tributary of the Fraser, when tidal 
effects give rise to flows in different directions over the sand 
waves. The tests are conducted in the 1-m flume using artificial 
bedforms. (Lau) 

Application of MOBED to the Qu’Appelle River between 
Craven and Pasqua Lakes. The model MOBED was applied 
to the Qu’Appelle River between Craven and Pasqua lakes to 
test the effectiveness of the channel conveyance improvement 
scheme proposed by the Saskatchewan Water Corporation. 
The proposal involves several meander loop cutoffs and dred- 
ging of the existing channel at several reaches at an estimated 
cost of 4.5 million dollars. The model predictions (Fig. 22) 
indicate significant bed level changes with degradation in the 
upstream reaches and aggradation in the downstream 
reaches near the lake. (Krishnappan) 

Flathead River International Study Board: Water Quality 
and Quantity Technical Committee. Contribution to the base- 
line data report on the water quality and quantity of the Flat- 
head River in the upper basin was made as part of the impact 
assessment of the proposed coal mine development near 
Cabin and Howell creeks in British Columbia. (Krishnappan) 

Effects of Relative Flow Depth in Physical Models of Sedi- 
ment Transport in Uni-directional Flows. Experiments in 
the 2-m flume were carried out to establish the scale effects in 
physical models dealing with sediment transport in river flows. 
A paper describing the experimental procedure and results 
has been submitted to the lA_HR symposium on scale effects in 
modelling sediment transport to be held in Toronto in 1986. 
(Krishnappan, Engel) 

CSCE Task Group on River Models. At the request of the 
Research Committee of the Hydrotechnical Division of the 
Canadian Society of Civil Engineers, a task group was initi- 
ated, chaired by B.G. Krishnappan, to evaluate the existing 
(public domain) river flow models. A total of‘12 models dealing 
with both steady and unsteady flows in rigid and mobile 
boundary channels were selected and will be evaluated by 
applying them to identical data sets. (Krishnappan) 
Migration Speed of Dunes. Different methods of computing 
dune speed from bed profile records as well as the geometric 
characteristics of dunes are being investigated using experi- 
ments in the 2-m flume. The migration speeds of dunes are 
useful for the computation of bed load discharge in large rivers, 
whereas bed form heights and lengths provide infonnation
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concerning flow resistance and changes in bed elevation of 
navigation channels. A typical dune bed in a large sediment 
flume is shown in Figure 23.. (Engel) 

Dune bed in large sediment flume. Figure 23. 

Hydraulic Efficiency of Bed Load Samplers. 
Studying the hydraulic efficiency enables more accurate esti- 
mates of local sediment transport. Tests in the 2-m flume are 
used to obtain the efficiency of the basket and the Helley Smith 
samplers, and to determine calibration curves. (Engel) 

Performance Characteristics of Current Meters. Exper- 
iments were conducted in the towing tank at the National Water 
Research institute to investigate the effect of the 15-lb, 30-lb, 
50-l_b and 100-lb Columbus type sounding weights on the 
performance of the Price 622AA current meter when used with 
the WR2 hangar. The analysis showed that a meter should be 
used with the same suspension conflg'u’r‘ation for which it is 

calibrated. Failure to do so may cause errors of several percent 
at some speeds but always in excess of :0.5% at virtually all 
speeds. (Engel) 

Development of Current Meter Rotors. A plastic rotor de- 
sign has been successfully modified to improve performance. 
Preliminary tests have indicated that a reduction in threshold 
speed from 4 to 2 cm/s can be achieved, which is important for 
low flow measurements. The fi_nal design will be supplied to the 
Water Survey of Canada for future production. (Engel) 

Evaluation of Water Level Recording Systems. The perfor- 
mance characteristics of float type and gas-purge type sen- 
sors, pressure transducers and satellite platforms are being 
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systematically evaluated in the laboratory.» The results will goto 
Water Survey of Canada to provide baseline information for the 
updating of water level recording instrumentation. (Engel) 

Field Studies of River Ice Jams and Flooding. This is a 
long-term field observation program, initiated in 1979. Empha- 
sis is on collection of quantitative data needed to address 
deterministic and statistical aspects of river ice breakup and 
jamming. Freeze-up and winter conditions are also docu- 
mented, as they have been found to influence the breakup 
process. Observations were carried out in the Thames and 
Grand rivers, Ontario. In the Thames River, serious flooding 
occurred because of an ice jam near Prairie Siding. Contact 
and cooperation with other agencies interested in jamming 
problems have been maintained and expanded. (Beltaos) 

Theoretical Studies of Ice Jams. Field documentation con- 
tinues to be obtained for a recently developed conceptual 
model of ice breakup and a dimensionless expression of equi- 
librium jam stage. Important aspects of ice jamming phe- 
nomena are the conditions at the toe (downstream end) that 
influence the stability of the jam and thence the peak water 
levels. A mathematical model h_as been developed to predict 
the characteristics of the downstream transition of equilibrium 
jams (Fig. 24). The model utilizes the granular-rnass theory of 
ice jams as well as seepage and hydraulic resistance equa- 
tions. Reports are available from the Hydraulics Division. 
(Beltaos) 

107 W-560_r_n, so-o.ooo 36. qT- 2.qo m’-s" 

Kx-4.32 . )\- 0.75m-sf‘ 01- 0

H 

Depth(m) 

.9 

M
A 
or 

an 

3' 

°o 160 200 360 460 560 6'60 760 856 960 16001160 12230 

Lortgitudinal Distance (rn) 

Example of computed ice jam profile for typical con- 
ditions in the Athabasca River near Fort McMurray. 
Insert shows profile in the vicinity of grounding, 
plotted without distortion. 

Figure 24. 

Advice to Inland Waters Directorate, Atlantic Region. 
Advice on ice-related hydrotechnical problems continues to be 
provided to lWD, Atlantic Region. The Canada-N,.«F FDRP 
hydrotechnical study on the Exploits River at Badger, New- 
foundland, was completed in 1984/85, and a similar study on 
the Rushoon River at Rushoon is expected to be completed in 
FY 1985/86. 

Laboratory Studies of Ice Jams. Tests with plastic blocks 
have indicated two mechanisms of grounding of icejams form- 
ing at the upstream edge of an intact ice cover: (a) when the



size of submerging blocks exceeds the available waterdepth, 
as has been reported by others in the past and (b) when a 
surface accumulation of ice blocks collapses, leading to a 
“snowballing" process and formation of very thick jams. 
The interaction betwee_n an ice jam and a breakable ice 

cover is an important question that cannot be solved in the 
laboratory using blocks and sheets of plastic to simulate ice. 
Work has been in progress to develop an ice-substitute mate- 
rial that, at room temperature, would have appropriately scaled 
down strength properties. (Beltaos) 

Working Group on River Ice Jams_. The National Research 
Cou_nci_l of Canada has formed a Working Group on River lce 
Jams, chaired by Dr. S. Beltaos. Work is nearly completed on 
the Group's four initial tasks, i.e., guidelines for field data 
collection programs; guidelines for extracting ice breakup data 
from hydrometric station records; identification of research 
needs; and compilat_ion of case studies. The Group’s term has 
recently been extended by two years to prepare a monograph 
on ice jams. 

Frazll and Anchorlce. A cooperative field study with Hydro- 
Quebec to study the frazil and anchor ice in the Lachine 
Rapids near Montreal and their hydraulic effect was conducted 
in the winter of 1984/85. The field study was to assist Hydro- 
Québec’s Archipel Project, which is the construction of a low 
head power station at the rapids. 
A photographic study on crystallographic evaluation of frazil 

crystals was completed. 
The data on the frazil effect on water flow in the Beauharnois 

Canal collected in the winter of 1983/84 are now completed. 
The laboratory setup for studying the hydraulic effect of 

frazil formation in flowing water is nearing completion. (Tsang) 

Modelling Runoff Transport in Drainage Networks. 
Investigations were undertaken under the sponsorship of the 
Ontario Ministry of Transport and Communications to comple- 
ment previous studies by focussing on special structures not 
investigated earlier. The results of these and earlier investiga- 
tions were implemented by MTC in their design procedures. 
The testing of these procedures by MTC indicates that these 
savings could reach almost 3 million dollars annually depend- 
ing on the level of road construction activities. 
Other poorly understood aspects of runoff transport are the 

head losses at channel and conduit junctions. Recognizing 
the importance of junction head losses, the American Public 
Works Association, through its Ontario chapter, approached 
the Institute with a request for joint study of junction head 
losses and provided most of the study funds. Two types of 
junctions have been studied: T-junctions of a main with a 
perpendicular lateral and T‘-junctions of two opposed laterals 
and a single outfall. In these investigations, a new junction 
design that reduces typical losses by more than one halfwas 
developed. 

Waterford River Basin. Effects of urbanization on water re- 
sources in the Waterford River Basin (Newfoundland) have 
been studied for several years in cooperation with several 
federal and provincial agencies. In the first phase of this study, 
urban runoff processes in fully sewered areas of the Basin 
were investigated. The study results include the characteriza- 
tion of runoff quantity and quality in the study area, detailed 
recommendations for the modelling of runoff and model selec- 
tion, and recommendations of policies and measures to be 
implemented in future urban developments. Such policies and 
measures would reduce adverse effects of u,rbaniza't_ion and 
reduce the costs of any abatement measures.

' 

In the second phase of the study, the modelling of stream- 
flow for t_h_e en't_i_re basin h_as been initiated using the Hydrologic 
Simulation Program — Fortran (HSPF) model. The results of 
the second phase will indicate the impact of progressing ur- 
banization on flows in the Waterford River. (Marsalek) 

Pollutants in Urban Runoff. Further studies of pollutant 
sources and their transportwere undertaken in two Burlington 
test catchments. These studies addressed the problems con- 
nected with both the conventional and the toxic pol_lut_ants. 
An evaluation of the rainwater contribution to urban runoff 

quality was carried out using data from the Blair Road site. It 

showed that a significant portion of certain pollutants was 
derived from rainwater and not from the land. Some field data 
showing the rainwater and runoff polJut_a_nt loadings are shown 
in Figure 25. (Ng) 

Using the field data on persistent toxic substances in urban 
runoff, estimates of annual loadings of toxics transported by 
urban runoff in the Canadian Great Lakes Basin were pre- 
pared. These loadings confirm the earlier International Joint 
Commission finding that urban land runoff belongs to the 
major sources of toxics in the Great Lakes Basin. Four groups 
of toxic pollutants were studied: trace elements, polyaromatic 
hydrocarbons, PCBs, and organochlorine pesticides. Among 
these groups, trace elements contributed the highest load- 
ings. In particular, the annual loadings of zinc and lead were 
almost 300 t-yr-1 and 100 t-yr-1, respectively. (Marsalek) 

N_ATO Workshop on Urban Ruinoff Pollution. This work- 
shop, funded by NATO, was held in Montpellier, France, from 
August 26 to 30, 19,85, with J. Marsalek serving as the program 
director. The workshop provided a discussion forum for about 
10 invited leading experts from 14 countries. Workshop activi- 
ties produced state of the art reviews on and future research 
directions for such discussion subjects as sources of pollution 
in urban runoff, toxic substances in urban runoff, modelling of 
runoff quality and impacts on receiving waters, and runoff 
quality control and management. The final workshop proceed- 
ings will be published in early 1986. (Marsalek) 

Support of UNESCO Activities under the International 
Hydrological Program (IHP). In support of the UNESCO 
activities under the IHP, final drafts of four chapters for two 
UNESCO manuals on urban drainage design and acquisition 
of supporting data have been prepared and submitted to 
UNESCO, These chapters cover urban drainage design pa- 
rameters, drainage hydraulics, collection of urban, hydro- 
logical data, and organization of data collection programs. 
When published in 1986, the UNESCO manuals will provide 
authoritative and comprehensive guidance for urban drainage 
design, with a special reference to the conditions in less devel- 
oped countries. (Marsalek) 

Toxic Contaminants in Urban Runoff Draining into the 
Upper Great Lakes Connecting Channels (UGLCC). 
Evaluation of l_oadings of toxic contaminants in urban runoff 
draining into the Upper Great Lakes Connecting Channels has 
been initiated. Toward this end, field sites for the monitoring of 
toxics in runoff have been established in Windsor and Sarnia, 
and additional sites will be selected in Sault Ste. Marie. Runoff 
samples have been collected in storm sewers as well as at 
combined sewer outfalls. Collected samples are analyzed for 
four groups of persistent toxic substances: PCBs, organo- 
chlorine pesticides, polyaromatic hydrocarbons, and toxic in- 
organics. Field data will be used in conjunction with computer 
simulations to produce monthly loadings of toxic substances in 
runoff discharges. Such |oad_ings will then form one of the
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inputs to the inventories of toxics in the Upper Great Lakes 
Connecting Channels. (Marsalek) 

SHORE PROCESSES SECTION 
The work of the Shore Processes Section is concentrated in 

three areas: air-water interaction, conservation and develop- 
ment; littoral and fluvial sedimentology; and geotechnique. 

Turbulent Mixing beneath Wind-Generated Waves. A, field 
experiment has been designed to measure some aspects of 
the interaction between wind-generated waves and turbulence 
‘in the wind-driven surface layer. The experiment, to take place 
in three phases over three years, is being conducted from the 
National Water Research Institutes offshore tower in Lake 
Ontario by scientists from both NWR_l and the"'Woods Hole 
Oceanographic Institution. (Donelan) 

Wave Attenuation. A laboratory experiment was conducted 
in the 100-m wind-wave flume to measure the direct attenua- 
tion of waves in an opposing wind- The resulting attenuation 
rates were substantial even when the wave slope was gentle 
(2.5%). These data will significantly influence the future devel- 
opment of wave generation theories. (Donelan) 

Remote Sensing of Winds. A composite divided scale 
model for radar backscatter from the ocean surface was con- 
structed to meet the needs of scatterometry;_i.e., the remote 
sensing of surface winds using microwave radar. The primary 
scattering mechanism was taken to be Bragg scattering and 
an equilibrium wave number spectrum was derived on the 
assumption that the short wave energy density reflects a bal- 
ance between direct wind forcing and dissipation d_ue to break- 
ing and to viscosity. The effects of tilt and modulation of the 
short waves by longer waves were included, and the model 
tests against aircraft scatterometer data with very encourag- 
ing results. At low wind speeds, scatterometry was found to be 
sensitive to surface water temperature because of dissipation 
of short waves changes with viscosity. For high wind speeds 

' the measurements are less sensitive to water temperature. 
(Done/an) 

Wave Direction Movements for the Canadian Coastal Sed- 
iment Study. The CClW Wave Direction Buoy was deployed 
off Stanhope Lane, P.E.|., in support of the Canadian Coastal 
Sediment Study (sponsored by the National Research Council 
Associate Committee for Shoreline Erosion and Sedimenta- 
tion). Wind and directional wave data were collected from late 
September to early November 1984, and a data report 
prepared. (SkafeI) 

Floating Tire Breakwater Research. Mooring load and wave 
transmission design information, substantiated by field mea- 
surements, was presented at a Floating Tire Breakwater Work- 
shop held November 7—8, 1984, in Niagara Falls, New York. 
The Workshop was co-sponsored by the National Water Re- 
search Institute and the U.S. Army Engineer Waterways Ex- 
periment Station (WES). Workshop proceedings will be avail- 
able from WES. 

Advice on floating tire breakwaters was given to the Small 
Craft Harbours Branch, Ontario Region, for locations at Kings- 
ton and Belleville. (Bishop) 

Wave Prediction. A tvvo—dimensional lake wave prediction 
system developed at the Great Lakes Environmental Re- 

search Laboratory in Ann Arbor, Michigan, was acquired and 
made operational at NWRI. The computer model uses meth- 
ods developed at NWRI by M.A. Donelan to obtain reliable 
estimates of wave height, period and direction. (Bishop) 

Caisson Retained Artificial Islands. A study was under- 
taken under contract to investigate the modelling of overtop- 
ping volumes for caisson retained artificial islands. Modelled 
overtopping volumes were found to be too large by factors of 2 
to 6. Also, spray distribution differed spatially from the pro- 
totype. Reasons for these discrepancies were explored; they 
in_clude the effects of testing with unidirectional (long-crested 
waves), possible differences in wave groupiness, and short- 
comings in the prototype data and analysis. (skafel) 

Port Granby Waste Management. A review‘ was prepared for 
EPS, Ontario Region, of a report on bluff stability and monitor- 
ing of the Port Gra_nby Waste Management Area. (Zeman) 

Waste Disposal Sites i_n the Coastal Zone. Eva_lu_at_ion of 
the potential hazards of these sites has been carried out on the 
basis of proximity to the shoreline, local recession rate, sub- 
surface hydrogeology and the nature of the wastes dumped at 
the sites (Fig. 26). (Coak/ey)

T 

Sediment Erodibllity. A procedure has been developed to 
make quantitative measurements of the erosion resistance of 
cohesive sedimejnt using a rota'_t_i_ng cylinder apparatus. The 
erodibility of two Lake Erie tills, not obviously different based 
on geotechnical tests, was determined. (Zeman) 

Coastal Evolution. Planning of shore developments requires 
knowledge to differentiate recession trends that are modem (to 
a large degree related to cultural activities) from those that are 
related to natural long-term evolution. A comprehensive study 
of Lake Erie was concluded in 1984. (CoakIey) 

Bottom Shear Stress a_nd Erosion Relationship, Lake On- 
tario. A site on the south shore of Lake Ontario at Stoney 
Creek was selected for a study ofthe rates and processes of 
underwater erosion of exposed glacial sediment on the near- 
shore slope. This is the most common type of substrate in 
shallow water in the lower Great Lakes, and its erosion has an 
effect both on the recession of the adjacent shore bluff and on 
the supply of sediment to the lake. The shear forces caused by 
waves acting on the bottom of the near-shore zone are impor- 
tant factors i_n coastal erosion rates. These forces are pres- 
ently being evaluated at the test-site. Waves were m_easu_red at 
regular intervals during the period October—December1984, 
and the wave records are presently being analyzed to assess 
shear‘ forces at the sediment-water interface. A relationship 
between the shear and the erosion will be tested. (CoakIey) 
Frames with fixed-transducers were reinstalled at five sta- 

tions along the profile line at Stoney Creek, and bottom eleva- 
tion was monitored acoustically and with diver measurements 
from April to December 1985. Changes from the December 
data of 1984 were noted in the inshore stations where a sand 
cover was present, but offshore elevations in the area of ex- 
posed till were the same as those previously recorded. 
(Ftukavina) 

Erodibility of Cohesive Sediments. Erodibility tests on till 
cores from the Stoney Creek site, including geotechnical tests, 
have been completed and results have been analyzed. New 
samples of Lake Erie fine-grained tills have been obtained for
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erodibility tests of remolded sediments. A compaction mold, 
which is to be used for the p_reparation of remolded samples, is 
being built. The existing erodibility apparatus has been cali- 
brated for the effect of surface roughness. (Zeman) 

Sediment/Contaminant Dynamics, Toronto Waterfront. 
The transport of contaminated sediments from various point 
sources on the Toronto waterfront may pose a health hazard 
for local bathing beaches and water intakes. Studies to deter- 
mine the directional patterns and, possibly, the rate of such 
transport are now underway (in cooperation with Environmen- 
tal Contaminants Division a_nd the Ontario Ministry of the 
Environment). Bottom samples collected i_n the Humber Bay 
and Eastern Beaches are being analyzed for grain size a_nd 
major and trace elements, with a view to identifying potential 
natural tracers. Concurrent investigations are progressing into 
artificial means of tracing the transport of fine-grained sedi- 
ments, which are recognized as major vehicles for adsorbed 
contaminants. (CoakIey) 

Symposium on Cohesive Shores. Preparations have 
started for a symposium on scientific and engineering re- 

search of rapidly eroding sho_res consisting predominantly of 
cohesive sediments. The symposium, sponsored by the 
NRCC Associate Committee for Research on Shoreline Ero- 
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sion and Sedimentation, will be held in Burlington in May 1986. 
(Zeman) 

Coastal Sediment Budget, North-Central Shore of Lake 
Erie. Data from the 1979 study of the north-central shore of 
Lake Erie have been used to develop a coastal sediment 
budget forthe area which examines the long- and short-term 
changes in coastal erosion and sedimentation and the infl_u’- 
ence of harbour structures. Results have been reported in a 
paper submitted to the Journal of Great Lakes Research. 
(Rukavina, Zeman) 

Van Wagners Beach Study. All sounding records of Profile 
18 at Van Wagners Beach have been digitized at points where 
fixed-transducer data or diver measurements are available. 
Results for the period 1980-82 are now being analyzed to 
determine the effects of storms and seasonal water-level 
changes on the profile form. (Rukavina) 

Lac_.Saint-Louis Bottom-Sediment Survey. A survey of the 
sedimentology and bathymetry of Lao Saint-Louis_in the St. 
Lawrence River was carried out at the request oflnland Waters 
Directorate, Quebec Region, which is investigating the pollu- 
tion of the St. Lawrence. Field work was carried out in coopera- 
tion with IWD, Quebec Region, and the Quebec Region of the 
Canadian Hydrographic Service. (Rukavina)



Great Lakes Near-Shore Sediment Data. Near-shore file 
data have been requested by the Environmental Protection 
Service, Toronto (dredge spoil sites, Sarnia and Owen Sound; 
PCB Study, Wheatley), Huntec.To_ron_to (geophysical equip- 
ment trials, Toronto area), and the city of Port Colborne (local 
planning). Lake Ontario near-shore data were u_sed in conjunc- 
tion with lake basin data to select sites for the IJC Lake Ontario 
Surveillance Program. A description of the near-shore data 
base was provided to the Ontario Sediment Survey Program 
Review at the request of WRB. Poster presentations on the 
structure and contents of the data base were m_ade at the Great 
Lakes Conference in Milwaukee and the Canadian Coastal 
Conference in St. Johns, Newfoundland. (Rukavina) 

Lake St. Clair Bottom Sediments (UGLCC). Work has be- 
gun on the compilation of data on the bottom sediments of 
Lake St. Clair i_n support of the UGLCC program and as- 
sistance has been provided to the Aquatic Physics and Sys- 
tems Division in the use of echo-sounding as a means of 
measuring the thickness of modern basin muds. (Rukavina) 

CCIW Open House, 1985. Two of the displays presented at 
the Open House in April were a videotape presentation on 
beach changes and a computer quiz on shoreline facts and 
issues. (Rukavina) 
An interactive display featuring the postglacial evolution of 

the Great Lakes in computer graphics was presented. 
(CoakIey) 

Waves and Wave Forecasting. A section on waves and wave 
forecasting has been written for a new Handbook of Civil 
Engineering to be published in 1986. Topics include small 
amplitude wave theory, wave processes, wave measurement 
techniques, analysis of wave data, wave statistics and 
confidence limits, and wave prediction methods. (Bishop, 
Donelan) 

Wave Attenuation by Rough Walls. Experiments have been 
conducted in a wave tlume to investigate the scale effects of 
modelling wave attenuation by lining harbour entrances with 
riprap. Placing rubble, at side slopes of 1.5 or 2 to 1 on vertical 
entrance channel walls is a technique used more and more to 
correct wave agitation p_rob|ems in harboufrs a_nd/or to correct 
structural problems at the walls. Wave height attenuation was 
found to be proportional to the wave height raised to the power 
1.36, and was found to be inversely proportional to the water 
depth (d) raised to the power 0.36 and to the channel bottom 
width (w). The proportionality factor was found to vary with 
d/gT2 w/d and side slope (where T is the wave period and g is 
the accumulation due to gravity). (Bishop) 

Measuring Waves with Pressure Tra_nsducers. Experi- 
ments to establish the veracity of linear wave theory to predict 
wave heights from subsurface pressures were completed. 
(Bishop) 

Wave Loads on Submarine Plpelriries. Wave loads on sub- 
marine pipelines are normally predicted using the Morrison 
equation, which uses empirically determined drag and inertia 
coefficients. Values that should be assigned to those coeffi- 
cients remain very‘ uncertain. in northern locations, where 
pipelines may be laid in open trenches to avoid ice damage, 
little or no data exist. A series of laboratory tests are being 
done to determine the drag, inertia, and lift coefficients for 
pipelines in trenches. Details of the flow field were also exam- 
ined. This work is partially funded by the Panel on Energy 
Research and Development. (skafel) 

TECHNICAL SERVICES SECTION 
Scientific Support Unit. Technical staff provide support to 
scientists and engineers conducting basic and applied re- 
search in the Hydraulics Laboratory and related field projects. 
A marked increase of field support was provided for the 

frazil, anchor ice, icejams and flood studies. Support was also 
provided to third parties under the Departments cost recovery 
po icy. 

Tests to determine the head loss th_rough various compo- 
nents of an automatic sediment sampler were done for the 
Water Survey of Canada. 

Geotjechnlcal/Sedimentologlcal Laboratory Services. 
The sedimentology laboratory classifies sediments by their 
particle size and determines organic and total carbon in sedi- 
ments. The geotechnical laboratory undertakes tests of soils 
as a structural material. These laboratories provide support for 
Institute projects as well as other government agencies, uni- 
versities and the private sector. Cost recovery is used. 
Anew sedigraph was purchased which will be computerized 

to provide a more accurate and eff_icien‘t service; modifications 
have also been made to the settling tube. 
A summary of tests and analyses performed follows. 

Tests and analyses 1984/85 1985/86 

Particle size analysis 
NWRI 1105 

' 

1471 
Universities 56 150 
Private sector 31 53 

Carbon analysis 
NWRI 242 4050 

Sediment separation
_ NWRI 47 76 

Geotechnical tests 
NWRI 10 

Z _7 

Laboratory Operations Unit. Users of the laboratory receive 
support such as carpentry, machining and equipment mainte- 
nance, and the supervision of outside contractors working in 
the laboratory. Consultations with scientists and engineers on 
construction problems, the inventory and procurement of ma- 
terials and supplies were also undertaken. Advice on equip- 
ment and facility design, as well as on electronics and me- 
chanics to the many users of the Hydraulics Laboratory, was 
provided by a group of highly qualified technologists. 
A laminar flow flume wasconstructed for studies on mean- 

der formation and a frazil ice fluime was constructed for labora- 
tory testing of the frazil ice instru_rnent_. 

National Calibration Service. The tow carriage microcom- 
puter data acquisition system has now been in daily operation 
for over two years. _A more powerful 16-bit computer has been 
procured to improve operations. 
A very high accuracy calibration program for Hydro-Québec 

was completed undera costrecovery agreement involving the 
calibration of 65 SIAP current meters which will be used for 
turbine efficiency measurements. This special calibration re- 
quired 48 different velocities and 12- to 14-hour days to com- 
plete the run. 

At the request of Sediment Survey Section, Water Survey 
of Canada, plans were prepared to have Water Survey of 
Canada‘s entire inventory of suspended sediment samplers 
checked, repaired and calibrated. This work will be completed 
over a two-year period, after which each sampler will be re- 
called for recalibration every two years.
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The use of the towing tank to calibrate current:meters and to 
perform special tests on hydrometric equipment can be 
broken down as follows: 

Percent time used 

Water Survey of Canada 35.1 
Other federal agencies 25.3 
Provincial governments 14.9 
Universities 5.9 

Hydro companies 8.4 
Consulting engineering firms 10.4 

ENGINEEFIING SERVICES SECTION 

Volume Weighted Sampler. The study of contaminant path- 
ways and fates by’Environmienta| Contaminants Division in- 
volves the collection of water samples weighted on the basis of 
the depth and shape of the water body. A portable Volume 

Weighted'Sampler System has been developed to automate 
this process for field teams. 
A transport case (Fig. 27) contains a small keyboard with 

display, a microprocessor controlling a sequencing valve and a 
battery powered pump. The sampler is designed to work with a 
portable electrobathythermograph (EBT) as pri_mary sensor 
input. The operator uses the keyboard to input the depth 
versus weight_ing characteristic desired for the sample to pro.- 
gram the microprocessor controlling the pump and valve oper- 
atingsequences. The sampling orifice is mounted on the EBT. 
At the completion of the EBT profile, the sample collected is 
integrated and volume weighted against depth and shape of 
the lake or pond. (Desrosiers) 

Suspended Sediment Sensor Study. -Sedimentologists 
and coastal engineers have a continuing requirement to mea- 
sure the mass concentration of bed load and suspended mate- 
rial in streams and coastal zones. Acoustic rapid measure- 
ment is not yet possible. Engineering research is underway to 
find a way to monitor suspended solids reliably. (Desrosiers)

~ 

Fi‘gure‘27. 
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Under-Ice Drifter Buoy. A program by the Aquatic Physics 
and Systems Division to study currents and mixing in northern 
lakes required a Lagrangian drifter buoy to opjerate under an 
ice cover in order to observe advective currents of low order, 
i.e., less than 1 cm-s-1. Besides being easily transportable and 
able to operate at ——30°C,» the buoy can be deployed and 
retrieved through the ice, and its location can be fixed within a 
50-cm circle of error under the ice cover using fish-tracking 
radio tag techniques. The system has been used on Tagish 
Lake, Y.T., with good results. (Roy, Savile) 

Frazil Ice Recorder. Frazil ice formation in river and stream 
channels influences the conveyance of the channel. Knowl- 
edge of frazil ice formation may provide information for the 
prediction of restriction in winter flows and probability of flood- 
ing. In response to a requirement of the New Brunswick River 
Ice Sub-committee, NWRI has undertaken the development of 
a frazil ice recorder. A prototype system has been constructed 
and tests in an icing flume have confirmed the operating princi- 
ple. Development work is conti_nuing on the prototype toward 
field trials in the Nashwaak River, near Fredericton, New 
Brunswick. (Ford) 

Cytometer Development. Researchers require additional 
data to obtain a more accurate assessment of biomass and 
biocontamination. Automation of the process of cell counting 
and classification would reduce the cost of obtaining this type 
of biological data. 
Flow cytometry appears to be an attractive supplement to 

traditional microscopy. The literature and commercial systems 
were reviewed. It was concluded that commercial systems 
would be too expensive at t_h_i_s time to be justified by most 
laboratories. A "home built” system was proposed and some 
of the system components were enumerated. (Desrosiers) 

Program for Industry-Laboratory Projects (PILP). PILP is 
the i_nterdepartmenta_l program for sti_mulating an_d financially 
assisting the transfer of technology from federal government 
research laboratories to Canadian industry for commercial 
exploitation. PILP activities at NWRI are coordinated by the 
Engineering Services Section. Equipment for which Contribu- 
tion Arrangements are now in effect are the frazil ice sensor 
(Arctec Canada Ltd.), the solid state temperature logger 
(Metrex Instruments Ltd.), and the lightweight corer (Quest 
Engineering Ltd.). Another potential transfer beingdiscussed 
with industry is the NWR_| Wave/Wind Direction Buoy. (Roy, 
Ford, Desrosiers) 

Solid State Logger. Long-term temperature records are es- 
sential for environmental studies. The NWRI Scientific Equip- 
ment Development Working Group (SEDWG) decided to de- 
velop a single-channel temperature logger using solid state 
storage devices and microprocessortechnology. A unit logger 
could be a building block in arrays of temperature measure- 
ments.» Much greater operational flexibility would be possible. 
A prototype logger h_as been designed and constructed. This 

unit was field-tested and found satisfactory. A contract for the 
manufacture of five evaluation units of the solid state logger 
has been completed, and the long-term accuracy and re- 

liabil_ity of th_e design will be evaluated by furtherfield use. The 
contracting supplier has since received assistance under P|L_P 
to transfer this technology from NWRI to their product line. 
(Ford) 

lCA_P Irnpjrovements. The Inductively Coupled Argon 
Plasma (ICAP) spectrometer has been in ‘use for a number of 
years by NWRI and the Water Quality Branch. Dr. P. Goulden 
of the Analytical Methods Division proposed a concept for 

dynamic background correction to increase the sensitivity of 
this spectrometer. In response to a SEDWG request, Engi- 
neering Services has designed and installed a modification kit 
comprising a rotating chopper wheel and associated syn- 
chronous detector-preamplifier circuits for 24 spectrometer 
channel_s. 
This modification has been demonstrated to provide a three- 

fold reduction in system noise over a short-term integration, 
which represents significant increase in system sensitivity. A 
report entitled “Dyn.am_ic Background Co_rrection of an ICP 
Spectrometer” is in preparation. (Desrosiers) 

MANUFACTURING AND TECHNICAL 
DEVELOPMENT SECTION 

The Manufacturing and Technical Development Section 
(MANTEC) provides technical services in support of scientific 
and engineering research studies. In fiscal years 1984-86, 
MANTEC supported a total of 128 studies, ofwhich 114 were in 
support of NWRI and 14 were in support of non-NWFl_l studies. 
The following highlights some equipment and systems devel- 
oped during these fiscal years. More detailed information of 
this equipment is contained in various equipment handbooks 
available from the Section. Other equipment developed by the 
Section is reported by the Engineering Services Section and 
other NWRI and non-NWRI clients. 
Snow Corer. A new box corer for sampling snow was de- 
signed and built for the Turkey Lakes project. The corer is 
designed to take a 250 cm2 sample up to 1.2 in long. It is 

capable of handling snow consistencies ranging from soft and 
fluffy to firm and containing ice layers. The construction is of 
type 304 stainless steel. it is equipped with a driver so that it 
can be hammered into packed or icy material. The front cover 
can be slid back to enable study of the snow structure or sub- 
sampling of various layers. The new unit is lighter, stronger and 
more rigid than previous models and costs less to manufac- 
ture. (Savile) 

Helium Leak Detection Unit. This unit has been installed to 
enable pressure case leak testing to 10-9 cm3-s-1. 

Automatic Cycling Pressure Test Vessel. This vessel has 
been installed to allow the unattended cycling of the 100»psi 
pressure vessel. The vessel is controlled by a microprocessor 
based pumping system which monitors both the hydrostatic 
pressure and the temperature of the fluid medium. 

Computer Assisted Design and Drafting System. This 
system has been installed for the design and drafting of me- 
chanical a_nd electronic drawings and circuit board layouts. 
The system is based on the IBM-PC Computer Group, using 
both AUTOCAD and DASH-2 software. 
Metal-Photo System. This-system has been installed to pro- 
vide for i_n-house manufacturing of photographic text depos- 
ited on aluminum plate, primarily for instrumentation front 
panel assemblies. 

Sjnowmelt Sectioning Sampler. To study the effects of the 
short-term changes in the melting snow water chemistry at the 
Turkey Lakes site, a new sectioning sampler was designed 
and manufactured. It is a completely automated battery- 
powered 24-bottle sampler. The apparatus design was based 
on that of a commercial water sampler, incorporating a low 
power microcomputer. In 1984/85, the apparatus successfully 
collected over‘ 20 samples. (Dolan/‘ski, Savile)
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Computer-Controlled AC Outlets. With the increased use 
of the personal computers in the laboratories of the institute, 
there is a frequent need to control devices like pumps, sole- 
noid valves, etc., with the computer. Since at the time the 
appropriate interfacing device was not available on the market, 
a unit was designed and built here. At present, the unit 
can control foul’ outlets, with eight planned for the future. 
(Dolan/ski) 

DRAFTING SERVICES SECTION 
This Section provides drafting and illustrating support for 

graphics and visual presentations, technical and scientific il- 

lustrations as well as cartographic, mechanical and electronic 
drawings of a quai_ity suitable for publications. 
This Section also provides a photographic service, which 

includes photography of engineering and scientific research 
equipment, overhead projection material and slides for confer- 
ences and semi_nars. Outside sources are use_d for type com- 
positing, printing, reprographic and photo-finishing services. 
The Section maintains files of all original drawings, illustra- 

tions, and negatives of all photographs and reprographics. 
This service is provided for the divisions of the institute and for 
a__i_l other directorates, branches and services within Canada 
Centre for inland Waters. 

OFFICE SERVICES SECTION 
This=Section provides office services,- word processing, cler- 

ical and record-keeping support to ailsections of the Division 
operations. Office Services also manages the orderly produc- 
tion and distribution of reports and publications on scientific 
and engineering subjects, implementing the bilingual publish- 
ing policy of the Department of the Environment. This Section 
responds to requests, for reprints or copies of unpublished 
manuscripts, and statistics are kept.
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NWRI PACIFIC AND vukorg REGION 

The Pacific and Yukon Branch of the National Water Re- 
search Institute is responsible for the Department of the Envi- 
r_onment’s water management and limnological research in 
British Columbia and the Yukon Territory. Formed in 1971, the 
Branch undertakes applied and basic research to determine 
the ecological sensitivity and response of regional lakes and 
rivers to nutrient pollution, biocide contamination and con- 
struction of large-scale, hyd_roelect_ric impoundments and di- 
versions. Traditional limnological knowledge is not easily ap- 
plied to the solution of’ the region’s water management 
problems. Unlike Prairie and Shield systems, most British 
Columbia and Yukon lakes are long, narrow, deep systems 
strongly influenced by riverine throughflow and hydrographic 
variability. 

Traditionally, the Branch research program has involved a 
mixture of longer-"term injterdisciplinary projects examining the 
general effects of development (e.g., eutrophication, im- 
poundment) on typical lake or lake/river systems, and shorter- 
term applied projects aimed at development of rehabilitation 
strategies at specific sites. In 1983, however, the decision was 
reached to disband the regional branches of NWRI and to 
relocate staff to an integrated research facility, the National 
Hydrology Research Centre, in Saskatoon, Saskatchewan, in 
April 1986. As a result, the current program focus has been to 
complete and document ongoing projects prior to relocation. 
These projects include river eutrophication research, i_n central 
British Columbia, studies of Iimnology in Yukon River head- 
water lakes, and rehabilitation strategies for eutrophic south- 
ern British Columbia lakes. 

SOUTHERN LAKES 
Thompson River. The joint research project with Weyer- 
haeuser Canada Ltd. continued in 1984/85 and 1985/86. The 
multiple, continuous-flow facility for periphyton studies was 
constructed next to the South Thompson River at Chase, B.C. 
Together with a laboratory trailer, the facility enabled year- 
round experiments on periphyton accumulation rates and 
physiology. One experiment examined periphyton photo- 
synthesis for changes in both seasonality and response to the 
growth-limiting nutrient phosphorus. Six additi_onal experi- 
ments have been completed in which the growth kinetics of 
attached algal communities were examined under the influ- 
ence of differing N:P ratios and P-pulsing regimes. The influ- 
ence of natu_ral UV-light on periphyton productivity has also 
been quantified. Results of these experiments are being ana- 
lyzed in preparation for publication. Short-term colonization 
dynamics of periphyton algae were examined using fast-flush- 
ing continuous-flow light and dark troughs. Significant differ- 
ences in periphyton bio_m_ass, chlorophyll a and algal tax- 
onomic composition between the two pa_ralJel troughs were 
noted within 24 hours.Experiments commencing at the onset 
of nighttime darkness showed that the rates of algal immigra- 
tion during the night period weresimilar in both troughs. Within 
4.5 hours of sunrise, however, certain diatom species, most 
notably Hanneae arcus (Ehr.) Patr. and Diatoma tehue Ag., 
selectively emigrated from the dark trough while remaining in 
the lighttrough. Better adhering species such as Achnanthes 

minutissima nequired light deprivation for two photo-periods 
before significant emigration was noted. Results from sub- 
stratum-inversion experiments and data on the loss rates of 
neutral red-stained cells suggested that the mechanism(s) for 
the rapid differential egress of cells from the dark trough in- 
volved an active process which may be associated with 
changes in cell buoyancy on the disruption of natural light;:_dark 
cycles.

' 

Another smaller trough facility was built adjacent to the 
Thompson River at the Weyerhaeuser Canada Ltd. pulp mill 
site in Kamloops, B.C. This will provide a direct assessment of 
the effects of kraft mill effluent on periphyton growth rates and 
physiology. Two preliminary experiments were completed in 
October 1985, and the spring of 1986, corresponding to the 
periods of nuisance periphyton accumulations in the river 
downstream from the mill. (Bothwe//, Jasper, Bolin, Suzuki, 
Daley) 

Wood Lake. Thermistor chain data from Wood Lake, located 
in the Okanagan Valley, were analyzed for internal waves. It 

was discovered that waves of the first and second baroclinic 
modes dominated the oscillations of the lake's thermal struc- 
ture. The lake responded to a wind event by initiating a first- 
mode seiche, which was followed by a second, as the initial 
wave was damped. Because the period of the second-mode 
approximates that of diurnal winds, it is thought that a reso- 
nance effect is responsible for maintaining the second-mode 
oscillations although weak currents were observed associated 
with second-mode motions. (VViegand) 

Kootenay Lake. Two years of thermistor chain records ob- 
tained in Kootenay Lake were also analyzed for internal waves. 
Internal seiches dominated the thermal structure of the lake, 
while internal surges were an extraordinary feature of the data. 
The periods of the dominant members of the interna_l wave field 
were determined mainly by morphometry, but varied sea- 
sonally with stratification. The wind, which initiates internal 
seiching, also modifies stratification. In a large lake like 
Kooten_ay, strati_fication varies not only spatially but also at time 
scales similar to those of the internal seiche. Hence the shape 
andfrequency of the waves can vary as they pass through the 
lake. (Wiegand, Carmack) 

NORTHERNV LAKES 
Yukon River/Lake Laberge. The large lakes and rivers of 
Canada's North have rich histories as exploration and trade 
routes and have played an i_mportant role in economic develop- 
ment. Their importance as a resource has n_ot diminished 
owing to their potential use for water storage and power gener- 
ation. Figure 28 shows a hypothetical northern setting illustrat- 
ing the central role water plays in social and economic 
development. 
A jointstudy with Water R_es_ou_rc_es Branc_h_ on the seasonal 

ice cycle in the Yukon River and Lake Laberge was carried out 
over the winters of 1984-86. Measurements were made of 
water temperature, ice accumulation and thickness, snow 
cover, frazi_| formation and accumulation under the ice, and
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degradation of frazil dams. Surveys were also conducted of 
conductivity/temperature/depth in crosslake and downriver 
transects. Under-ice moorings recorded temperature and cur- 
rent speed and direction. Detailed through-the-ice measure- 
ments of river velocity were also recorded. Several reports 
on these findings are nearing completion. (Carmack, A/ford, 
Marles, Chamberlain) 

Analysis of the data for evidence of internal waves is cur-_ 
rently being carried out for Lake Laberge. An attempt is being 
made to characterize the intern_a| wave field in a statistical 
sense as well as to describe its seasonal dynamic interaction 
with river inflow. (Wiegand) 

Results from the chemical and biological sampling program 
on Atlin, Tagish, Marsh and Laberge lakes have been ana- 
lyzed. Nutrient levels are very low, as are algal and zoo- 
plankton biomass, indicating that the lakes are ultra- 

oligotrophic. Physical factors (temperature, flushing rate, tur- 
bidity, and mixing) have pronounced effects on the chemistry 
and biology of these lakes. With residence times of these lakes 
varying two orders of magnitude, and the Yukon River being 
the principal water transfer route (up to 97% of the Marsh Lake 
input),_ this suite of lakes is of value to northern reservoir 
mode_|_lers. Marsh Lake is a particularly interesting example of 
a fast-flushing, shallow northern lake with unusual warming 
characteristics. 
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Hydrological and limnological concerns- 

Phosphorus levels are very low (DP <5 ppb). The major 
component of total phosphorus was particulate (61% of the 
growing season total) and is associated with the riverine sus- 
pended sediments. Work on the bioavailability of this material 
is now being conducted. The average growing season total 
nitrogen was also low (76 ppb), but average nitrate values 
remained above the detection limit throughout the growing 
season. 

Algal biomass was very low and alga_| assemblages were 
dominated by chrysophytes and cryptophytes. Zooplankton 
biomass was also low, far lowerthanthose reported for sr‘nal_|er 
Yukon lakes. The growing season mean zooplankton biomass 
was significantly correlated to total nitrogen but not to total 
phosphorus, perhaps reflecting nitrogen i_ncorporation into 
zoop|a_nkton protein. (Kirk/and, Gray) 

LAKE RESTORATION 
Kootenay Lake. Many of the important recreational and fish- 
eries lakes in southern British Columbia have undergone nu- 
trient eutrophication, a process often complicated by upstream 
hydro impoundment activities. One of the most important of 
these interrn_ont_ane systems is Kootenay Lake in south- 
eastern British Col_umbia. A large study in the mid-1970s by
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this Branch described the effects of phosphorus pollution and 
its subsequent removal on the lake. The report warned that the 
combined effects of nutrient removal and upstrea_m impound- 
ments could possibly impoverish the lake to the point that 
fishery productivity might decline significantly. Recent 
(1983-85) B.C. Fisheries Branch data now suggest that 
kokanee and rainbow trout populations may indeed be declin- 
ing. As a result, an in-depth re-examination of historical data 
on nutrients, phytoplankton and zooplankton was undertaken 
in an attempt to link declining nutrients and fish productivity. 

Despite a tenfold decline inaverage water-column phos- 
phorus concentrations over the last 10 years (Fig. 29), average 
chlorophyll levels have declined by only 20% to 50% (Fig. 30). 
In addition, the annual average biomass crops of herbivorous 
zooplankton and of Mysis relicta, an introduced invertebrate 
predator, while variable, also showed no downward trends 
(Fig. 30). The apparent lack of biological response to phos- 
phorus reductions is explained partly by changes in N:P ratios. 
At the peak of the P pollution, N:P ratios were below 1, and 
phytoplankton biomass was strongly N-controlled. Hence, 
large decreases in P were required to bring springtime N:P 
ratios back above 10, where P control could be re-exerted, This 
did not occur until early 1980. Second, there is indirect evi- 
dence that epilimnetic phosphorus recycling efficiency has 
increased as spring P concentrations have declined, so that 
growing season productivity remained essentially N-con- 
trolled even at h_igher N-:;P ratios. Underthese conditions, large 
decreases in zooplankton standing crop would not be ex- 
pected. Therefore, the decreases in fish stocks if confirmed 
cannot be directly ascribed to a general decline in lake produc- 
tivity. Proposals for large-scale, long-term aerial fertilization of 
the lake were rejected as too risky and oost-ineffective. (Daley, 
Gray) 

Wood Lake. The sources of soluble reactive phosphorus 
(SRP) and dissolved inorganic nitrogen (DIN) to the tropho- 
genic zone of Wood Lake during the growing season were 
evaluated with a new accounting procedure. The external 
loading (fluvial, atmospheric, groundwater) and hypolimnetic 
flux were compared with the starting load during four intervals 
of the growing season (Fig. 31). The starting load was the 

Figure 30. 

Springtime S_RP concentrations and inorganic N/P ratios in Kootenay Lake, B.C., 1974-1984. 
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content of SRP or D|N'in the trophogenic zone at the beginning 
of each interval. This analysis highlighted the domi_na‘nc'e of 
the starting load in spring and the hypolimnetic flux in late 
summer and fall. The analysis was useful from a water man- 
agement viewpoint because it demonstrated that the midsum- 
mer b_Iue-green algal bloom was dependent on the starting 
load of SRP in early summer. This component could be re- 
duced considerably if the spring diatoms were able to take up 
more SRP and then transport the phosphorus to the hypolim- 
nion. Fertilization of the spring bloom with n_itrate was therefore 
recommended. (Gray, Kirk/and) 
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Figure 31. Daily areal supply rate of soluble reactive phosphorus 
for the trophogenic zone of Wood Lake, B.C. 

ADVICE TO MANAGEMENT 
Over the last two years, Branch scientists have provided 

expert advice and technical information to the following 
organizations: 

(a) British Columbia Ml_nistry of Environment, Fisheries 
Branch, on the feasibility of fertilizing Kootenay Lake and 
on the Iimnological status of the lake 

(b) British Columbia, Ministry of Environment, Water Man- 
agement Branch, on loading objectives for six Okanagan 
Valley lakes using a model’ developed by Dr. B. Kenny, 
NWRI, Western and Northern Branch 

(c) British Columbia, Ministry of Environment, Water Man- 
agement Branch, on evaluating the effectiveness of iron 
chloride treatment of Wood Lake to decrease phosphate 
levels 

(d) British Columbia, Ministry of Environment, Waste Man- 
agement Branch, on a monitoring schedule and param- 
eters for a model to determine the response of Skaha Lake 
to various sewage treatment options 

(e) Environmental Protection Service on the Iimnological im- 
pact of the Quinsam open-pit coal-mine development on 
Vancouver Island 

(f) E_nvi_ronmenta_| Protection Service and DIAND on the re- 
sults of a reconnaissance of the downstream effects of 

effluent from the Whitehorse City sewage treatment plant. 
Tertiary treatment was judged unnecessary at this time. 

Staff scientists have also reviewed journal papers and re- 

search proposals and acted on student thesis committees,‘ 
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NWRI WESTERN AND NORTHERN REGION 

The Western and Northern Branch of the National Water 
Research Institute serves the research needs of the three 
Prairie provinces and the Northwest (Territories. |ncreas_ing 
economic growth and the generally poor quality of water in 
many prairie communities are causing renewed attention to 
the historic water supply-demand imbalances in Western Ca- 
nada. Potential expansion of irrigated and dryland agriculture, 
increasing demands for water diversion, and the continued 
development of resource industries and related industrial com- 
plexes are raising serious concerns over water supplies and 
the potential problems of toxic chemicals in western drainage 
systems. Potential megaprojects in the Mackenzie River Basin 
are also generating concern for the future of northern drainage 
systems. These developments are occurring at a time when 
the federal government is espousing the principles of sus- 
tained development without damage to ecological stability. 

During the past year research was carried out on the rivers 
and lakes of the Qu’Appe||e Valley (Saskatchewan), Southern 
Indian Lake andits related reservoirs (northern Manitoba), and 
the Saskatchewan and Mackenzie River systems. Our activi- 
ties strike a balance between the practical concerns of toxic 
substances and the fundamental understanding of nutrient 
and contaminant behaviour in prairie lakes and rivers. This 
blend of research achieves the dual objective of appropriate 
response to regional concerns and the increase of knowledge 
necessary‘ to meet the long-term objectives of DOE in this 
region. 

TOXIC CONTAMINANTS 
Mackenzie River Study. Complaints of fish stock degrada- 
tion together with increasing mini_ng and hydrocarbon develop- 
ments in the Mackenzie Basin led to a request for research 
evaluation of organic and inorganic pathways in the Mackenzie 
River. A synoptic sampling program was completed during 
summer discharge conditions in 1985; a high flow sampling 
program is scheduled for July 1986. The NWT Program Office, 
NWRI-Winnipeg and the Environmental Cont_aminants Divi- 
sion of NWRI-CClW are co-participants. (Ongley) 

Saskatchewan Basin Study: North Saskatchewan 
River. The rationale and technology developed for the Tobin 
Lake Project have been extended to the North Saskatchewan 
River to study the pathways, fate and ecological impact of 
contaminants i_n prairie river systems. The purpose of this 
study is to develop a rational a_nd cost-effective approach for 
assessing the impact of toxic substances by (1) determining 
the presence and significance of toxic substances in water and 
sediment (suspended and bottom) samples from selected 
locations in the North Saskatchewan River using nematode 
and bacterial bioassay techniq'ues and by surveying the re- 
sponses of benthic communities; (2) evaluati_ng the bio- 
geochemical processes involved in the spatial and temporal 
degradation of selected organic contaminants as downstream 
recovery occurs; (3) determi_n_ing the relative contributions of 
point and non-point sources of contamination to aquatic sys- 
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tems and assessing the role of the hydrologic regime in the 
transport of water- or sediment-bound contaminants; a_nd 
(4) evaluating the ecological impact of selected organic con- 
taminants or benthic organisms. In situ determination of 
chemical stress by benthic organisms (ecotoxicology) may 
prove more realistic for environmental impact assessment pur- 
poses than bacterial or other standard tests for toxicity which 
are not realistic surrogates of prairie aquatic systems. 
The river was divided into nine approximately equidistant 

sections reflecting point sources, tributary inputs and existing 
monitoring sites. Each section was sampled in replicate for 
water, suspended solids and (when possible) bottom sedi- 
ments. Sampli_ng was conducted during low flow in August 
1983 and again du_ri_ng high flow in June of 1984. 
The 1983 summer low flow data for physical, nutrient and 

metallic variables have been made available in an interim 
report (Ongley, 1984). An end-of-year report for the Toxic 

. Chemicals Management Program (Ong|ey et al., 1985) will 
contain spring 1984 data, plus selected organic chemistry; 
comparative results of nematode bioassay of water versus 
suspended sediments, and biological species lists from se- 
lected sites. 1 

The program has broad relevance to toxic chemical man- 
agement, both in terms of environmental sensing procedures 
and control protocols in river and river-lake systems of 
Canada. It is anticipated that this study will lead to improved 
monitoring strategies by federal and provincial agencies. 
(Ongley) 

The Saskatchewan Basin Study: Tobin Lake. Tobin Lake is 
a primary sink for residues from pesticide-derived compounds, 
industrial waste products and other potentially toxic environ- 
mental contaminants from throughout the greater prairie re- 
gion. Chemical properties of individual pollutants are modified 
and integrated through physical, chemical and biological pro- 
cesses to the extent that the total effect of a large number of 
minor pollutants may be as great as, or greater than, that of 
single major pollutants. The objectives of the Tobin Lake study 
were (1) to establish the relationship between morphological 
defonnities in Chironomidae (Diptera) larvae and contaminant 
levels in aquatic environments and (2) to develop a “biological 
screening tool” to detect the presence of toxicants and assess 
their cu_mu_lative effect in aquatic ecosystems. 
The potential for deformities in chironomid larvae is im- 

mense and the number of responses to chemical stress is 
great. Deformities may range from mildly abnormal mouth- 
parts (Fig. 32-) to grotesque thickening and fusing of all body 
structures. To date-,» the usefulness of these deformities as a 
tool for monitoring environmental contaminants has been lim- 
ited by the lack of comparable data from stressed and un- 
stressed populations and the lack of standardized procedures 
and terminology; 

lndices based on the incidence and severity of deformation 
in the antennae of Chironomus larvae show that antennae are 
very sensitive to low-level, chronic contamination. Antennal 
deformities (Fig. 33) range from simple reduction in length of 
individual segments to fusion, deformation or loss of all ancill- 
ary structures or segments. In comparatively uncontaminated



Figure 32. Morphological deformities in the mouthparrs of Cbironoinus Meigen: l — normal and 2, 3, 4 deformed 
menta; 5 - normal and deformed antennae; 6 — normal and 7, 8, 9, 10 deformed premandibles; 11 — 
normal and 12, 13, 14 — deformed mandibles; 15 — normal and 16, 17, 18 deformed epipharyngeal 
pectin.
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Figure 33'. Deformed antennae of Cbironomus Meigen. (a) Normal antennae. Deformed antennae. showing‘: (b,c) loss of distal segments; ((1) questionable second segment; 
(e) displacement of blade (B1) and accessory blade (AB1), unknown structures and reduced length; (I) fusing of segments and displacement of peg sensillum 
(PS); (g) fusing of apex of basal segment, loss of ring organ (R0) and unknown structures. Other structures-are (LO) organs of Lauterborn, (DP) digitiform pro:- 
cesses, (BS) basiconic sensillum. Nomenclature after Warwick (1980). St = style.



areas of Last Mountain Lake, the incidence of deformed anten- 
nae was 1.19%; in contrast, the rates were 8.43% and 6.97% in 
contaminated Tobin Lake. The index of severity of antennal 
deformation (ISAD) shows the same trends ranging from 0.12 
i_n Last Mountain Lake to 1.64 and 1.19 in Tobin Lake Sites V 
and VI, respectively. Preliminary experimental data show that 
both indices decrease as concentration of contam_i_nant in- 
creases. These data suggest that the ability of antennae to 
respond to higher concentrations of contaminants is rapidly 
saturated and the response is shifted toward the more heavily 
sclerotized structures of the chironomid head capsule. The 
inverse relationship between deformed antennae and toxic 
concentrations indicates the sensitivity of chironomid anten- 
nae to low levels of contaminants and suggests increased 
larval mortality at higher concentrations. Research on the 
significance of other deformities in the larval head capsule and 
body is cont,in,u,ing and will eventually be included in an overall 
biological index for monitoring aquatic contamination. 
(Warwick) 

The 0u’Appe|_Ie R_iv‘er Study. Concern has been expressed 
about mercury levels in the Moose Jaw River —— Qu’Appe||e 
River-Lake systems. The objective of the study was to investi- 
gate biogeochemical pathways of mercury and other heavy 
metals in the river-lake system. 
Research revealed that mercuiry concejn_t,ration_s increased 

in t_he river systems below the cities of Moose Jaw and Regina. 
Microbial methylation of mercury is strongly stimulated by 
nutrients from sewage effluents and algal blooms — espe- 
cially at certain times of the year such as autumn when river 
discharge is greatly reduced (Fig. 34). Methylation apparently 
is co_ntrolJ,ed primafriily by trophic conditions, rather than by the 
amount of inorganic mercury from which methyl mercury is 
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synthesized. During the spring flood, when discharge is high 
and nutrient levels low, methyl mercury levels were low despite 
high inorganic mercury levels. 
The two-year project is now complete. A paper on this work 

was presented at the Environmental Contaminants Interna- 
tional Conference (London, England) and an abstract pub- 
lished in the conference proceedings. A draft manuscript has 
been prepared for publication. (Jackson) 

The Southern lndlan Lak¢.hNotIgl Reservoir Study: Meth- 
ylatlon and Demethylation Processes. Mercury levels in 
fish from Southern Indian Lake—Notigi Reservoir system rose 
to undesirable levels as a result of the Churchill-Nelson River 
Diversion. The purpose of the study was to investigate the 
effects of environmental changes on the microbial methylation 
and demethylation of mercury in the sediments from former 
lake basins flooded by impoundment. ' 

Sediment samples were collected for chemical analysis and 
use in a laboratory experiment to investigate the effects of 
different physio-chemical variables on rates of methylation 
and demethylation of mercury by sedimentary microorga- 
nisms. The research has shown that organic nutrients intro- 
duced into the aquatic environment from flooded land have 
acc_e|erated the methylation of inorganic mercury from natural 
sources.

_ 

Experimental results have indicated that the rate of methyla- 
tion is optimized by addition of organ_ic and carbonate nu- 
trients and by the exclusion of both oxygen and sulphide. 
Comparison of methylation and demethylation processes un- 
der different physio-chemical conditions showed that the rate 
of demethylation did not vary, in the presence or absence of 
oxygen, if organic nutrients were added. Clay minerals had 
little effect on the rate of methyl mercury production b_ut greatly 
increased the rate at which the methyl mercury was subse- 

' 

quently broken down. Thus, the study suggests that enhanced 
aeration and clay deposition could favour demethylation at the 
expense of methylation. Further research is currently being 
done on effects of clay minerals, oxides, humic matter and 
various heavy metals on the methylation of mercury by sedi- 
mentary microbes. 
The project is now complete. A seminar and abstract were 

presented at a conference and a work-in-progress meeting 
conducted by the Steering Committee administering the 
Canada—Manitoba Mercury Agreement; a draft manuscript for 
publication and a final report for presentation to the Steering 
Committee are in preparation. The project was supported 
by Canada Water Act funds granted under the terms of the 
Canada—Manitoba agreement and the funds from the Toxic 
Contaminants Management Program. (Jackson) 

The Southern lndlan Lake—Notigi Reservoir Study: Bleac- 
cumulatlon of Mercury. Mercury levels in commercial fish 
catches from the Southern lndian Lake—Notigi Reservoir Sys- 
tem rose to undesirable levels following impoundment and 
flooding under the Churchill-Nelson River Diversion scheme. 
Two mechanisms are identified in the literature as routes for 
mercury accumulation in fish; (1) absorption across the gil_l 

membrane from water and (2) ingestion of mercury-con- 
taminated food. The objectivevof this study was to examine 
some of the factors governing the transmission of mercury to 
fish via the latter route. Particular attention was given to the 
effects of mineral sediment accumulation from ban_k erosion 
on the availability of mercury to the benthic community, its 

effect on the size and composition of the community that acts 
as the medium of transmission, and the effects of growth rates 
on body burdens of mercury in individual members of these 
communities.
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Samples of benthic communities and bottom sediments 
were collected from throughout the Southern Indian Lake- 
Niotigi Reservoir System from sites representing agradient of 
different physico-chemical changes and analyzed for mercury 
content. The results suggest that mineral sediment inter- 
ference reduces the size of benthic communities and slows 
their rate of growth by restricting the availability of food re.- 

sources (probably through burial). Organisms with slower 
growth rates tend to have higher body burdens of mercury, but 
because the size of the communities is reduced, less mercury 
is available for transmission up the food chain. In areas where 
mineral sediments do not interfere with food availability, body 
burdens are diluted by rapid growth rates. The reduction in 
individual body burdens, however, is more than compensated 
for by the greater populati_ons of benthic organisms inhabiting 
this more amenable type of environment. In the Southern 
Indian Lake—Notigi Reservoir System, areas in which a large 
amount of mercury is held within the benthic community corre- 
late with areas i_n which fish mercury burdens tend to be high. 
In areas where smaller amounts of mercury are held, fish 
mercury burdens tend to be lower. 

Ancillary work stemming from this research involves an 
analysis of toxic stress by mercury on the chironomid commu- 
nities in the different basins. Because of the range of mineral 
sed_i_men_t i_nterference created by erosion, the chironomid 
communities are‘ exposed to a range of mercury con- 
tamination. Preliminary evidence shows that deformed chi- 
ronomid larvae are present in samples fromthe lake-reservoir 
system, but at this date, analysis has not reached the point 
where any definitive statements can be made about the effects 
of mercujry stress on chironomid communities. 

Funding forthe research on bioaccumulation processes was 
provided through the Canada Water Act under the Canada- 
Manitoba Mercury Agreement. (Wa_rwick) 

EUTROPHICATION 
Phosphorus Dynamics. Hypereutrophic lake conditions 
and nuisance algal blooms frequently make prairie lake waters 
u_nsuitable for municipal water supplies orfor most recreational 
activities. The supply of plant nutrients feeding these blooms is

' 

difficult to control at the source. Naturally rich prairie soils, 
agricultural fertilization practices, and resuspension and re- 
cycling of nutrients already in the lakes are l_i_k_ely’ contributors 
to the algae problem. 

In the present study, physical lake characteristics important 
to mixing and resuspension of bottom sediments in a large 
shallow prairie lake were exa_mi_n_ed to identify and quantify 
their importance in recycling nutrients in prairie lakes. The 
application of dynamic concepts to the movement of nutrients 
through lakes forms a complementary second step toward 
identification of parameters controlling nutrient availabilities. 
Accurate simulation of the dynamic flow of total phosphorus 
may allow rapid quantitative evaluation of engineering altema- 
tives for phosphorus control on the prairie lakes. 
A numerical model based on the principles of first order 

linear dynamics was developed to predict total phosphorus in 
lakes. The model was tested using published data from Lake 
Washington and showed that lakes respond as a forced sys- 
tem to changes in inflow phosphorus concentrations. It was 
concluded that the dynahfics of total phosphorus in Lake 
Washington can be adequately represented by the use of two 
independent phosphorus sinks: the flushing of phosphorus 
from the lake through the outlet and the sedimentation to the 
lake bottom. 
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The theory of phosphorus dynamics was extended to de- 
scribe the dynamics of total phosphorus in the upper four 
Qu'Appe||e river-lakes (the Fishing Lakes). Although numer- 
ical simulation of total phosphorus was hampered by inade- 
quacies in the quantity and quality of available data, the major 
trends were successfully modelled. The results suggest that 
the Fishing Lakes are saturated with phosphorus and no net 
sedimentation of phosphorus has occurred i_n the ten-year 
period for which data are available. This work clearly shows the 
importance of treating lakes as dynamic systems and has 
considerable potential for application to other locales. 
(Kenney) 

Palaeo-indices of Eutroph_lca_tlon. Palaeo-reconstructions
. 

of eutrophication histories have proven valuable to manage- 
ment by presenting the development of eutrophication prob- 
lems in the historical context. In many cases, however, the 
“reconstruction” is coloured by the indicator system used and 
different systems often provide seemingly different stories. 
This is particularly true of reconstructions based on sediment- 
borne (benthic) communities and waterborne (planktcnic) 
communities. The purpose of this study was to compare the 
results provided by the two types of indicator communities 
and ascertain some of the reasons behind apparent 
discrepancies. _ 

Sediment samples from the Glenora-B core from the Bay of 
Quinte, Lake Ontario, were provided to research teams 
headed by Drs. C.L. Schelske and E.F. Stoermer of the Great 
Lakes Research |_nstitute, the University of Michigan at Ann 
Arbor, Michigan, for the measurement of biogenic silica and 
palaeo-diatom analyses. Wanivick (1_980) previously recon- 
structed the eutrophication history of the bay from the same 
core using subfossil chironomid remains as an indicator 
system. 

Biogenic silica analyses showed that increasing inputs‘ of 
phosphorus, correlated with cultural development in the bay 
area, led to the depletion of silica resou_rces in the bay. The . 

process was gradual and offset by silica inputs from tributary 
sources. In the last seven to eight decades, the pressure on 
silica resources by phosphorus-stimulated diatom growth be- 
came intense and led to silica depletion. 

Analysis of subfossil diatom remains indicated that eu- 
trophication ef the Bay of Quinte occurred considerably earlier 
than predicted from subfossil chironomid remains. The dis- 
crepancy occurred during a period of rapid mineral sediment 
accumulation caused by widespread land clearing and erosion 
which, in turn, caused a period of “artificial oligotrophication" 
for the benthic community. Comparison of these studies 
shows that the response of bottom dwelling communities to 
trophic conditions is mediated by sedimentation processes as 
postulated by Wanuick (1980) in the equat_ioh: 
TROPHY = TROPHY + m_inera_| sediment 
faunal productivity accumulation 
indices indices 

The correlations and comparisons have important ramifica- 
tions on the interpretation of trophic conditions from contem- 
porary and subfossil com_m_u'_nity structures. The results of the 
two studies are presented in Shelske et al. _(1985) and in E,.E 
Stoermer, J.A. Wolin, C.L. Schelske and D.J. Conley, “Post- 
settlement diatom succession in the Bay of Quinte, Lake 
Ontario," Can. J, Fish. Aquat. Sci., in press. 
Research on the Glenora-C core, a companion core to the —B core, is being continued by Dr. B..J. Hahn, University of 

Manitoba, Winnipeg, Manitoba, using subfossil cladoceran_ 
remains as the indicator community. (Warwick)



"PRAIRIE LAKE PHYSICS 

Southern Indian Lake. Residence time is a primary consid- 
eration in calcul_ating chemical and nutrient budgets in aquatic 
ecosystems. Previous studies on the vertical temperature 
structure of Wupaw Bay, Southern Indian Lake, showed that 
the water column was inversely stratified under winter ice 
cover. The depth of the inverse thermocline varied monoto- 
nically along the length of the bay, with the most rapid change 
occurring in the channel connecting Wupaw Bay to Southern 
Indian Lake. Sin_ce this condition cannot exist in a static envi- 
ronment, the magnitude of the under-ice circulation was mea- 
sured to determine its contribution to water, chemical and 
nutrient budgets. 

Using prototype instrumentation, two different methods 
were employed to measure directly the associated under-ice 
current_. Resu_|ts indicate that frequency temperature fluctua- 
tions and mixing do occur in Wupaw Bay and the magnitude of 
the current is a significantfactorin determining the under-ice 
residence time of water in the bay. Similar results are to be 
expected in other lakes and bays with similar morphometry. 
This work shows the importance of the winter period to re- 
distribution of chemical and nutrient elements vital to the ecol- 
ogy of lakes. Considerat_io,n of the impact on the under-ice 
environment may be necessary for future development and 
diversion schemes in the North. (Kenney) 

Lake Manitoba. Physical resuspension of bottom sediments 
during periods of high wind is thought to be important for 
nutrient recycling in large shallow lakes. Since conventional 
sampling techniques usually measure suspended sediments 
only at the top of the water column, a sampling device was 
designed to collect suspended sediment samples at closely 
spaced vertical intervals throughout the water column. The 
prototype was tested in the shallow southern basin of Lake 
Manitoba. 
The device collected gram quantities of suspended sedi- 

ment over periods of one month and successfully eliminated 
the fair weather bias that usually accompanies suspended 
sediment sampling in lakes. Chemical analyses suggest that 
resuspended sediment forms a large phosphorus pool which 
is potentially available to support blooms. Disco_ntin_u_it_ies in the 
vertical distribution of the dried mass of resuspended sedi- 
ments and in the vertical distribution of particle size have 
important implications for lakewide circulation, the tu_rbulence 
regime and for the long-range transport and redistribution of 
sediments in large, shallow lakes, 

This device for sampling suspended sediments may have 
applications “for collecting suspended sediments in rivers. 
(Kenney) 
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1 'TEcHNIcA.L oPgRATioNs DIVISION 

The Technical Operations Division is responsible for a vari- 
ety of technical support to the field research projects of the 
Institute. Technical advice and assistance to other federal and 
provincial departments, agencies, universities and private in- 
dustries is also provided when possible. Direct technical sup- 
port was provided to over 70 NWRI studies in each ofthelast 
two field seasons including field measurement, sample collec- 
tion and some analyses of physical, chemical and biological 
parameters. 
The Division arranges for the acquisition and scheduling of 

research vessels, launches and land sites and coordinates all 
NWRl field research studies to ensure effective and efficient 
use of technical staff and materiel and financial resources. 

Staff of the Division are responsible for a large inventory of 
field research-related equipment and provide for the prepara- 
tion, modification and maintenance of a wide variety of me- 
chanical, electronic and hydraulic sampling and data acquisi- 
tion systems. 

SHIP SURVEY SECTION 
Data gathering on the Great Lakes is accomplished using 

research vessels as sampling platforms. The Ship Survey 
Section coordinates the yearly scheduling of the vessels and 
provides logistics, equipment and technical support to all 
NWRI studies conducted aboard the three research vessels 
based at CCIW. The area of operations covered by these 
vessels during the course of the field season was from Duluth, 
Minnesota, through Lakes Superior, Huron, Erie and Ontario 
into the upper estuary of the St. Lawrence River, below 
Quebec City, Quebec. 

CSS Limnos (Fig. 35). Thirty cruises were completed by the 
major research vessel CSS Limnos in 1984 and 23 during 1985 
on Lakes Ontario, Erie, Huron, Superior and the St. Lawrence 
River. Detailed plans and reports were prepared for each 
cruise and are available from the Technical Operations Divi- 
sion upon request. A detailed overview of CSS Limnos activi- 
ties can be found in the TOD Annual Activity Summaries for 
1984/85 and 1985/86. The multi-disciplinary cruises involved 
the activities listed below. 

CS_S Bayfield. Most of the work conducted by this ship was in 
support of Great Lakes Fisheries Research Branch programs. 
The ongoing Long-Term Biological Index Monitoring Program 
continued to collect chemical and biological data s_im'ul- 

taneously at selected stations from Lake Ontario on a weekly 
basis. A total of 32 such cruises were carried out during 
1984/85 and 24 cruises in 1985/86. Other work carried out by 
the CSS Bayfield i_ncl_uded thermal bar studies, benthos sam- 
pling, in situ toxicity studies, and deployment and recovery of 
s‘ate|lite—tracked drogues. 

Microbiology samples were collected and processed weekly 
in support of the Analytical Methods Division study “Micro- 
biology Responses.” The two meteorological buoys located in 
Lake Ontario off the mouth of the Niagara River were moni- 
tored regularly. 

CSS Advent (Fig. 36). During the 1984/85 field season, the 
CSS Advent completed cruises in support of NWFl| studies. 
Eight cruises were conducted on Lake Erie — six in support of 
the Surveillance Continuity Study to provide historic data suit- 
able forthe detection of important changes in Lake Erie, one in 

Loca_t_ion 1984/85 1985/86 

Lake Ontario 5 — Nutrient assessment studies 5 — Open-lake surveillance 
5 — Lake Ontario moorings 3 - Persistent organic contaminants 
3 — Long-term bioindex 2 — Lake Ontario moorings 
3 — Persistent organic contaminants 2 — Long-term bioindex 
2 - Chemical forms and availabilty of phosphorus 1 — Sediment homogeneity 
1 - Diurnal rhythms of planktonic iterations 
l — Sediment trap moorings 
1 — Sediment homogeneity 

Lake Eric 4 - Sediment and phosphorus resuspension 5 — Sediment and phosphorus resuspension 

Lake Huron/Georgian Bay 

Lake St.'Clair 

Lake Superior 

St. Lawrence River 

2 - Chemical forms and availability of trace metals 
1 — Surveillance continuity 

1 - Open-lake surveillance 

1 - Chemical forms and availability of‘ phosphorus 

1 — Sediment homogeneity 

2 — Open-lake surveillance 

1 — Open-lake surveillance 

1 — Organic and inorganic contaminants
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Figure 35. Installing sediment trap mooring from >CSS Limnos. 

Figure 36. C_un'ent meter depldymént from CSS Advent.
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Figure 3 7. T.0.D. rigger gssembles tower from Lake St. Clair study. 

Figure 38. M'ir_IiROVER underwater television camera.
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Figure 39. 

support of Sediment and Phosphorus Ftesuspension and one 
in support of the Phosphorus Bioavailability Study. Eight 
cruises were conducted on Lake St. Clair. Seven of these were 
in support of the Plankton Dynamics-Study forthe Great Lakes 
Fisheries Research Branch to study the plankton ecology and 
dynamics of the lake as well as the i_mpact of contaminants on 
nanoplankton and picoplankton dynamics; one cruise was 
conducted on Lake Huron, also in support of the Plankton 
Dynamics Study._ H 

During the 1985/86 field season, cruises were completed in 
support of NWFtl studies. One cruise was conducted on the St. 
Lawrence River on Chemical Forms and Potential Availability 
of Trace Metals which studied contaminants including toxic 
metal ions arising from sources in Lake Ontario and along the 
St. Lawrence River. Seven cruises were conducted on Lake 
Erie — five in support of t_he Surveillance Cor,iti_n,u_ity Study, one 
in support of the Bioavailability of Phosphorus Study, and one 
in support of mooring retrieval with reference to loading from 
Lake St, Clair. A total of‘11 cruises were conducted on Lake St. 
Clair. These cruises were to provide inform_at_ion on con- 
taminant sources, sinks:and historical l_oading patterns. These 
cruises also helped to develop a better understanding of fac- 
tors and chemical properties that control environmental dis- 
tributions. One cruise conducted on the St. Clair River in 
support of the St. Clair Ftiver Contaminants Survey to deter- 
mine the geographical, extent of contaminants and localize 
possible industrial sources of contamination in a 5-km reach of 
the St. Clair River near Samia. 

FIELD SURVEYS SECTION 
The Field Surveys Section coordinated and provided tech- 

nical staff and equipment resources in support to NWFtl field 
research studies throughout Canada and provided technical 

NWRI W.A.V.E.S. tower in Lake Ontario. 

advice, equipment loans and support to many Canadian and 
U.S. government departments, universities and private sector 
groups. The Section’s four organizational units directly sup- 
ported many shore and launch-based studies as well as 
p,rovid_i_ng on-site technical services such as rigging and diving 
shops, equipment storage and the NWRI video studio facility. 
Launches, small boats, field research sites, laboratory trailers, 
samplingequipment and vehicles were acquired and sched- 
uled for field use. Staff were assigned to a wide variety of 
survey tasks and geographic locations. 

Rigging Unlt (Fig. 37). The rigging staff, shop, outdoor com- 
pounds and highbay ‘warehouse facilities provided direct and 
indirect support to most NWRI field activities. 

Services were provided at dockside for loading and un- 
loading ships. Buoys, hardware, winches, generators, moor- 
ing arrays and other equipment were prepared for the field. 
Forklift, heavy-truck driving a_n_d trailer towing services were . 

provided. Assistance in the field ranged from Saskatchewan to 
Prince Edward Island. Another major responsibility was the 
maintenance of NWR|’s 25-unit vehicle fleet. 

Underwater Operations Unit (Fig. 38). Responsibility was 
maintained for the safe conduct of all diving operations under- 
taken by all agencies of DOE and DFO staff at CCIW. The unit 
maintains close contact with the diving industry and holds a 
responsible position with the Departmental Committee for 
Diving Safety which determines and enforces diving policy. 
The Unit maintains and utilizesa large inventory of specialized 
research diving equipment, the most notable of which was the 
remotely operated underwater camera system which was 
successfully used during the St. Clair River Contaminant Sur- 
vey. Dive support, training and equipment were provided 
throughout the past two fiscal years.
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Figure 40. NWRI W.A.V.E.S. tower in Lake St, Clair.- 

Fleld Stores Unit; This unit maintained, issued and received 
a store of field sampling and support equipment. The inventory 
of over 500 line items was in constant use by field staff of NWRI 
and, as approved, by staff of the other components of CCIW. 
The scheduling and issue of five vehicles for short-term use by 
NWFll staff was also provided. 

Field Operations Unit (Figs. 39, 40). During each of the fiscal 
years 1984/85 and 1985/86, support was provided to 50 NWRI 
studies and 15 additional requests from outside agencies. 
Detailed reports are available for all projects supported by the 
Unit. Staff supported field studies in all provinces and territo- 
ries, and a_re trained and experienced in a wide variety of 
survey.methodologies. The Unit conducted operations from 
small boats and launches, helicopters and fixed-wing aircraft 
and, during winter, over-ice operations were conducted using 
snowmobiles and all-terrain vehicles. 
The Unit is also responsible for the maintenance and issue 

of all coring equipment for NWRI. Technical advice, training 
and equipment loans are regularly provided to other fed- 
eral and provincial governments, universities and private 
industries. 

so 

LIMNOLOGICAL INSTRUMENTATION SECTION 
The instrumentation support group provides modification 

and maintenance of all shipboard e|ectron_ic data acquisition 
systems. They are also responsible for the preparation and 
maintenance of current meters, temperature recording sys- 
tems, meteorological recording systems, and electronic navi- 
gational devices. In fiscal year 1985/86, a major modification 
was performed. The existing shipboajrd EBT system was 
integrated to a transmissometer sensor head to form an 
EBT/'|'ransmissometer system (EBT2). This system was used 
and field-tested during the latter part of the season. 

STAFF LIST 
Chief — H.B. Macdonald 
Secretary — S, Mitchell 

Administrative Officer — C. Kennedy 
Field Surveys Section 
Head 
W.B. Taylor 

Field Operations Unit 
Head 
M.R_. Mawhlnney 
C. Bi_sutti 
T.J. Carew 
Y. Desjardins 
E.H. Walker 
G.D. Bruce 

Field Stores Unit 
W.D. Hunt 

Rigging Unit, Head 
L.._.l. Lomas 
H.E—. Greencorn 
G.M_. Perigo 

Underwater Operations Unit 
F.H. Don ' 

Llmnologlcal Instrumentation Section, Head 
J.A. Dlaz 

Current Meters and Data Abstraction 
J.A. Tyler 

Field Instrutments and Meteorological Systems 
E.G. Smith 

Ship Survey Section. Head 
P.M. Healey 

CSS Limnos 
B.H. Moore, O.l.C. 
L.E. Bennerl 
K.J. Hill

_ 

J.A. Kraft, B.Sc. 
G.G. LaHaie 
J.E. Tozer 

CSS Bayfleld 
P.R. Youakim, B.Sc., M.Sc. 

CSS Advent 
S.B. Smith 
Fi.J. Hess



STAFF SERVICES DIVISION 

Staff Services Division (SSD) is the lead agency for the 
provision of administrative, financial, property management, 
materiel management and records management services to 
all Environmental Conservation Service (ECS) elements, as 
well as those of the Environmental Protection Service (EPS), 
located at the Canada Centre for Inland Waters (CCIW). In 
addition, common support services are provided to those 
agencies of the Department of Fisheries and Oceans (DFO) 
and the Department of Supply and Services (DSS) located at 
CCIW. 

ADMINISTRATION SECTION 
This Section is responsible for providing administrative and 

financial support to all NWRI Divisions. It also provides various 
ad_m_inistrative services to the Director, including the rollup of 
Institute Study Plans, Long-Term Operational Plans and Work 
Plans, and subsequent quarterly reports to H0 on the Work 
Plans. As well, it provides Institute-wide functions such as 
compiling the Conference Travel Plan; chairing the Contracts 
Review Committee, the CCIW Safety Committee, the CCIW 
Cafeteria Committee and membership to the IWD Information 
Technology Committee; providing information in accordance 
with the Access to lnfonnation legislation; preparing and ana- 
lyzing monthly reports on the utilization of the |nstitute’s per- 
son-year resources; liaising and coordinating all personnel- 
related activities with the DOE Burlington Personnel Office; 
devising and implementing office automation procedures; 
providing supervisory functions to all Wang users in ECS 
components at the CCIW; and coordinating the Canada Sav- 
ings Bond Drive and the United Way Campaign. 
Thisyear a new contract was written for the word process- 

ing/ office lnfonnation equipment, upgrading the central pro- 
cessing system tojallow for scientific word processing, faster 
response time, and additional ports for an expected extension 
to the system. 
A contract was let this year to provide work experience for 

two handicapped individuals. The original intent of the contract 
was to provide internal mail delivery service. However, this 
contract has been so successful that the two contract em- 
ployees have been assigned other tasks, both inside and 
external to the Central Registry. As a result of this contract, 
CC|W‘has been awarded the “Employer of the Year Award" by 
the Ontario Association for the Mentally Handicapped. 

This Section coordinated the CCIW Open House ’85 held 
April 18-21, 1985_._ Approximately 30 000 people visited the 
Centre for what was clearly a most successful venture. Visitors 
were unanimous in their praise of the friendly reception they 
received and the quality of the exhibits. 
A ieference manual was written on the subject of Adminis- 

trative, Financial and Materiel Management Procedures to 
provide the Pacific & Yukon and Western & Northern detach- 
ments with guidelines on how administrative and financial 
tasks would be carried out by the Burlington Office this fiscal 
Yeafi . 

Visits were organized throughout the year for local public 
interest and educational groups. Of particular note was a visit 

from the Bobingen, West Germany, School Band. A presenta- 
tion of the CCIW Slide Show and tour of the Centre took place, 
which was facilitated by German-speaking NWRI staff accom- 
panying the visitors. 
The word processing shared resource centre provided sup- 

port to four research divisions (AMD, APSD, A_ED and ECD) 
and the Director's Office staff as well as telecommunications 
support to the Institute and its detachments in Vancouver and 
Winnipeg. 
The Safety and Security Unit of this Section provided 

St_.John Ambulance first aid and Cardio Pulmonary Resuscita- 
tion training courses for staff members. Fire drills were held as 
well as testing of the emergency voice alarm system. 

BUILDING AND PROPERTY SERVICES SECTION 
This Section is responsible for the physical operation and 

maintenance of the buildings, intrinsic equipment and the 
grounds. roadways and parking lots within the confines of the 
complex. It also provides technical assistance and advice 
concerning alterations, modifications or equipmentinstallation 
for all on-site agencies. Finally, it is responsible for the tele- 
phone (voice and data) system th_i_'o'ughout the complex. 
Major projects this year include (1) install_ation of the new 

SL-1 voice and data system for all units in the complex; (2) 
installation of a new water disposal method resulting in major 
yearly recufrring savings on sewage surcharges; and (3) imple- 
mentation of several energy conservation initiatives that have 
drastically reduced power and water costs. 

MATERIEL MANAGEMENT SECTION 
This Section is responsible for providing, on a day-to-day 

basis, procurement, inventory control and assets manage- 
ment, disposal, warehousing and stores and shipping/receiv- 
ing services to all ECS agencies located at the CCIW. High- 
lights of this years work include (1) implementation of the 
Automated Procurement Information System; (2) compu- 
terization of materiel receipts in the Warehouse Receiving 
Area, resulting in a more timely payment process in the Fi- 
nance Section; and (-3) automation of the NWR_l inventory, 
enabling updating to the ECS Automated Inventory to be done 
through the Wang telecommunications mode. 

FINANCE SECTION 
The Finance Section provides centralized computer ac- 

counting services for all ECS units at CCIW (NWRI, Inland 
Waters Directorate—Ontario Region, and the Water Quality 
National Laboratory). It also provides the accounting function 
for funds provided by the Regional Director General, O‘nt'an'o 
Region, for the Great Lakes Water Quality Agreement. In 

addition, the Section is responsible for providing liaison be- 
tween other government departments (federal, provincial and 
municipal) and suppliers with regard to payment of accounts

81



Mr. J.D. Smith accepts “Employer of the Year Award" from Mr. ].R. Brokenshire of t_he"Onta.rio Association for the Mentally Handi- 
capped. Left to right: Mrs. E. Rae, Supervisor, Mr. Philip Clark, ].D. Smith, ].R. Brokenshire, and Miss Sufsan R_ob‘ertson.~ 

and contracts. The Finance Section participates in the Insti- 
tute’s planning process by completing the ann_ua| ro|_lu‘p of 
Financial and Human Resource Plans and the |nstitute’s Main 
Estimates. 

LIBRARY SECTION 
This Section provides library services and facilities to all 

agencies located at the CCIW in support of their research and 
survey programs. In addition to the d_ay-to-day functions, the 
following tasks were undertaken this year: (1) conducted a 
review of library services/operations by completion of a “User 
Satisfaction Analysis” and on-site visits to research libraries 
at Atmospheric Environment Service (Toronto) and Bedford 
Institute of Oceanography (Halifax) from which resulting rec- 
ommendations were implemented to enhance the CCIW li- 

brary services/operations and (2) maintenance and practice 
training sessions of the Library Disaster Plan. Since its incep- 
tion, several govemment and private agencies have requested 
a copy of this plan. 

CENTRAL REGISTRY SECTION 
Central Registry provides mail services to all in-house occu- 

pants as well as registry facilities for NWRI, |nI_and Waters 
Directorate—Ontario Region, and the National Water Quality 
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Laboratory. Telex, telecopier and photocopying services a_re 
provided for the Centre. This Section also provides an informa- 
tion service to other government departments and agencies 
and the general public, providing information on an informal 
basis or referring inquiries to the proper authority. 

STAFF LIST 
chief — J.D. Smith, C.D. 
Secretary -— H. Zrostek 

Administrative Officer — C. Kennedy 
Administration Section 

E. Boyd, Administrative Officer, AED/ECD 
C. Kennedy, Administrative Officer, SSD/TOD 
J, Major, A/Administrative Officer, AMD/APSD 

S. Hic_k_s, A/Administrative Officer, HD 
E. ._Jones, Word Processing Operator 

A. Caswell, Word Processing Operator 

Building and Property Services 
Head 
D.F. Stewart 

Support Staff 
J.C. Stewart, C.D.
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