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ABSTRACT

Public opinion, the scientific community, and special interest groups no longer
accept major disruptions in the human environment without sound justification,

In view of this social consciousness-level, private, public, and para-public enterprises
must evaluate the impacts of their projects on the quality of the human environment,
and seriously study possible alternatives. The use of methods for evaluating
environmental impacts is only possible through acquiring and understanding basic
data on the initial environmental conditions that can be altered by a project ata
given site. Original environmental data can be obtained at the beginning of a project
starting with the various data acquisition programs underway in several countries,
Indeed, to further planning or monitoring efforts, numerous governmental and
private organizations systematically generate basic environmental data. Following a
brief review of the principle environmental impact evaluation methodologies, this
article analyzes the methods for acquiring water quality data in use in three Nordic
countries: Canada, Finland, and Sweden, For each country, the groups responsible
for the data acquisition network are described by analyzing their objectives,
techniques, successes and failures, efficiency, financial backing, personnel, and
methods of data treatment.

Technological knowledge has rendered man capable of erecting structures and
works of very large scale. According to Bella, this capacity to expand the scale
of works, and consequently, their impact on the environment, tends to grow
much more rapidly than the aptitude to predict ecological and social
repercussions, and to prevent them when they are harmful [1, 2]. Water
resources management is but one element of resource planning [3], an activity
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that aspires to assure equilibrium between economic, social, and ecological
objectives, and therefore secure the foundations of future well-being [4]. If one
really wishes to assure an integrated, global planning effort aimed at achieving
economic expansion, environmental protection, and the improvement of social
contexts in an area, one must expand the perspectives of the planning effort to
take into account the grander aspects of the interdependent management of
resources [5, 6].

Evaluation of the environmental impacts of projects is becoming more and
more indissociable from the decision process responsible for the intervention on
environmental systems [7]. From the very nature of decisional processes, an
accounting of the environmental components of an undertaking must be
approached in an objective and systematic fashion. In fact, several methods of
environmental impact assessment already applied employ a rational approach
[8-27}. While it has not yet been demonstrated that the cartesian approach to
the environment is the best, it is probably the only approach which is at once
acceptable and compatible with the nature of technological projects. These
developments in the field of environmental studies are promising and surely
constitute an important step in the maturation of technology.

A classification of existing methods invokes the different ways of identifying
impacts: ad hoc, checklists, cartography, network, statistical methods, Delphi
method, scenarios and contextual representation, and creativity methods. Table
1 presents the range of applicability of these broad classes of methods for
evaluating environmental impact. In order to be efficient, the application of
evaluation methods must rely on an adequate information system. Otherwise
an application of the method,would fail at its principal function, which is to
furnish a clear and concise description of the important facts justifying the
decisions and programs that follow. The absence of such an information system
will result in a series of short-term, ad hoc judgments lacking orientation and
strategic unity.

Official basic data constitute the foundation of this information system. The
ease or difficulty with which one obtains data is largely influenced by the
practices and procedures of agencies charged with collecting the data.
Depending on the nature of data required, the need for it may be continuous or
periodical, or in some cases, an isolated event. If the data must be collected and
analyzed by consultants and different government agencies, it is necessary to
establish certain routing procedures so as to permit eventual comparison between
the data. Moreover, if one takes for given that the factors having the same
degree of critical importance must be measured with the same precision, the
parties responsible for applying environmental impact evaluation could suggest
desirable changes in the methods used for data collection.

The initial environmental conditions are characteristics of the state of
equilibrium of the aquatic system before the appearance of an alteration in the
environment associated with a use that causes direct or indirect changes in
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environmental conditions [6]. In the evaluation of initial environmental
conditions, the foundation of the data system is original data, reports and other
information available at the start of a project. Numerous organizations,
particularly in government, sample for biological and physicochemical datain
order to evaluate water quality. This evaluation is indispensable to managers
who must make decisions concerning the restoration of water quality or the
management of aquatic resources for different potential uses. This article
analyzes the methods of acquiring water quality data currently used in three
Nordic countries: Canada, Finland, and Sweden.

FIRST CASE STUDY: CANADA

In Canada, as in several countries, the responsibilities for the acquisition of
water quality data lie with different levels of government. The British North
American Act of 1867 and its amendments, which divide legislative powers
between the federal and provincial governments, serve as the constitutional
basis for natural resources planning in Canada [28]. The federal government
has exclusive jurisdiction over fishing and navigation, and it shares jurisdiction
with the provinces in aspects related to the use of water for agricultural
purposes; there are also legislative responsibilities inherent to interprovincial
initiatives.

The federal government also has legislative power over initiatives related to
international waters and is responsible for the implementation of the Border
Waters Treaty of 1909 concerning the waters along the Canadian-U.S. border
[29]. In addition to these legislative powers, the federal government has certain
general powers permitting it to legislate certain dispositions that directly or
indirectly influence water use [28]. The federal government can also adopt laws
concerning the major works located in a province, or in two or more provinces,
if the works are of general interest to all of Canada.

The provinces are traditionally considered as owners of the water resources
situated in their territory (excepting national parks and federal lands) and they
enforce basic laws on water resource management, authorizing development
projects, arranging use permits, regulating discharges, and collecting fees. They
also have a legislative jurisdiction over water from different titles in the British
North American Act which allow them to adopt laws concerning such aspects as
domestic and industrial water supply, energy production, irrigation, land
reclamation, recreation, and pollution control.

Within the framework imposed by the constitution, the federal and provincial
governments are together responsible for the management and regulation of water
resources in watersheds across the country. The pertinent federal law, the Water
Act of Canada, was adopted in 1970. This law permits the federal government to
enter into accords with the provinces to undertake general programs of water
management (or, in exceptional cases, to act unilaterally). The law stipulates
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certain mechanisms to use in water management, notably the continuous joint
consultative reviews, plan preparation, and the solicitation of public opinion.
The consultations are undertaken within the Federal-provincial consultative
committees established with each province. The committees are usually made
up of three high officials from each government. These reviews oversee the
creation of study committees or planning commissions on the scale of the
watershed.

Once a basin has been chosen as having prioritary interest in planning efforts,
a planning commission can be created by virtue of an official accord to assure
joint surveillance of the study. The Saint John River Commission is a good
example of this method of approach [30]. Once created, the Commission
oversees the elaboration of a global plan for water management, political
concerns, budget controls, and the general orientation of the study. The
planning project itself is usually the responsibility of a Director of Planning who
reports on his mandate before the Commission. The Commission also forms a
committee to oversee the progress of work; this committee is charged with
elaborating the general study plan, preparing the budgets, examining the reports
of work groups and reciting the progress of works to the Commission by way of
the Director of Planning.

The Federal Government

Department of the Environment — The purpose of the Department of the
Environment’s Inland Waters Directorate is to improve the quality, management,
and use of Canada’s water resources. This Directorate sees to promoting the
establishment and co-ordination of national policies and programs to ensure
optimal use of Canada’s waters. It establishes programs for pollution control
[31] and the conservation of water quality and quantity to meet demand. It
works to minimize the undesirable effects of the tapping of water resources and
of floods, droughts, erosion and related natural phenomena [32, 33]. Two
large-scale programs are not underway to make a detailed study of lakes. The
Fresh Water Institute program covers lakes in the Canadian Shield [34], while
the Canada Centre for Inland Waters (CCIW) program is looking at the Great
Lakes [35-38].

By virtue of the accord concluded between Canada and the United States on
the water quality of the Great Lakes, ultimate responsibility for carrying out the
provisions of the accord was entrusted with the International Joint Commission
(IJC). This Commission, created under the authority of the Border Waters
Treaty of 1909, is usually invited by Canadaand the United States to coordinate
and negotiate the elaboration of the long-term management programs for the
expanse of water shared by two countries. Approximately 3,900 km of the
U.S.-Canada border (of a total 8,900 km) is delimited by water courses. The
accord on the water quality of the Great Lakes enjoins the 1JC to create a special
joint U.S.-Canadian commission containing representatives of the governments of
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the two countries. A consultative commission on research is equally foreseen
and the joint commission is authorized to create a regional office and auxiliary
organizations to undertake specific tasks [39-42].

The Fresh Water Institute, in Winnipeg, has a very well equipped laboratory.
About a hundred lakes in the Canadian Shield are now under study
(Experimental Lake Area). The program’s objectives are:

o to characterize trophic conditions in the lakes and identify means for
controlling eutrophication;

e to pursue eutrophication studies by experimentally rendering small lakes
eutrophic;

o to study geological, climatic, morphological and human impact on lake
eutrophication; and

e to determine the toxicity of certain products through laboratory bioassays.

From a sampling point of view, these studies involve physical and chemical
analyses of water at various times of the year. Several highly sensitive
techniques have been developed [43] for analyzing various substances in very
weak concentrations [44]. At certain times of the year there is also sampling of
phytoplankton, zooplankton, periphyton, zoobenthon, fish, etc.

The Canada Centre for Inland Waters takes care of Canada’s participation in
the international Great Lakes study program. Adequately equipped ships visit
over 2,500 stations nine times a year sampling water [45] (20,412 samples in
1972), plankton (1,065 samples in 1972), macroinvertebrates [46], and
sediment [47-52]. The main parameters measured are pH [53, 54], temperature
[53, 55, 56], dissolved oxygen [53, 54], various forms of phosphorus [57-59],
and nitrogen [55, 60], the principal ions [54, 61, 62], trace and heavy metals
[54, 63-65], conductivity [54], alkalinity [54], hardness, BOD, phenol,
pesticides [66-69], chlorophyll [70], and herbicides [71, 72]. These data
acquisition activities are part of research programs on the origin, nature, and
final destination of a number of substances [50, 51, 55, 73-78].

In addition, the Water Quality Branch Environmental Management Service
{(Inland Waters Directorate) runs a network of 850 stations across the country.
Samples are generally taken monthly and additional samples are taken at flood
and low water [79]. In particular cases sampling frequency may be increased to
two or three times a week. The samples are sent to five laboratories in Regina,
Moncton, Calgary, New Westminster, and Burlington. The parameters analyzed
are COD, pH, conductivity, color, turbidity, organic carbon, inorganic carbon,
various forms of nitrogen, phosphorus, the principal ions, pesticides [80],
phenols, NTA (nitrilotriacetic acid), and various trace metals.

All these data are stored in the NAQUADAT bank; this permits users to
retrieve data from various stations according to their needs [81]. Environmental
quality control comes under the Environment Protection Service, whose officials
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have the power to require wastewater quality analyses of discharged sewage [44].
For surface water, they rely on the corresponding service in the Inland Waters
Directorate,

The Provincial Government

Several provincial departments have a role in water quality data acquisition
[57, 82-84]. The following deserve mention: Tourism, Fish and Game;
Environment Protection Service; Social Affairs; Industry and Commerce; Natural
Resources; Agriculture. Also, each of these departments has occasion to
commission special studies from industry or the universities.

The Department of Tourism, Fish and Game — The concern of this
department in water matters is the promotion of recreational fishing. This leads
the department to draw up fish population inventories and to study natural
ecosystems, in order to recommend various kinds of development and use. It
also takes part in the acquisition of water quality data on lakes in national parks,
where conductivity and water temperature are regularly measured [85].

The Department of the Environment — This department is responsible for
protecting the environment from the harmful impact of agricultural, domestic,
industrial, and urban wastewaters (86, 87]. It sees to the establishment of
standards for controlling the various kinds of pollution. Its recommendations
are based on quality observations made by the surveys division. Quality data are
obtained for certain water-courses, most of the sampling being carried out in
summer. The parameters analyzed are temperature, pH, conductivity, hardness,
COD, BOD, alkalinity, the various forms of phosphorus and nitrogen, sulfates,
the principal ions, certain trace metals, coliform bacteria and fecal streptococci
[88-90]. The Department of the Environment cooperates with private industry
and the universities by entrusting to them certain analyses and some special
study projects [91]. In the Province of Québec, most of the latter fall under a
federal-provincial agreement on studies of the St. Lawrence River [92-96].

The Department of Social Affairs — One of the purposes of the Department
of Social Affairs is to protect the population from water unfit for drinking or
bathing. In the Province of Québec, two laboratories, one in Montréal and the
other in Québec City, carry out the necessary analyses, The Montréal laboratory
concentrates on bacterial analysis while the Québec City laboratory is especially
well equipped for physicochemical analysis. The following parameters can be
measured: pH, turbidity, alkalinity, hardness, conductivity, color, various forms
of nitrogen and phosphorus, the principal ions, trace metals, etc. In summer,
beach samples are sent to these laboratories, as are drinking water samples from
certain municipalities. Special projects are launched and carried out as part of
the activities of these laboratories. For instance, last year the potential of gas
chromatography for analyzing phenols was studied.
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The Department of Industry and Commerce — This department is concerned
with fresh water quality as it relates to commercial fishing. The fishing
experiments division takes fish from several locations, generally with a view to
assessing the biomass, though in some cases they have had occasion to analyze
fish flesh for traces of toxic substances. Most of this work has specific goals
with respect to particular kinds of commercial fishing: shrimp, eel, etc.

The Department of Natural Resources — In the Province of Québec, this
department makes use of two hydrological data acquisition networks. The first
is specifically for hydrometric work and the second for acquisition of water
quality data on the main lakes and rivers of Québec. The two are well
coordinated so that the quality data can be interpreted when the flow is known.
More than 150 sampling stations are located throughout Québec [89], most of
them in the inhabited areas of the south. The stations in the north are mostly in
the James Bay area. For lakes, sampling depends on the season; most of it is
done in summer. For rivers, local technicians and observers take weekly water
samples at each station [90].

The main parameters measured in rivers are pH, conductivity, hardness,
alkalinity, color, turbidity, various forms of phosphorus and nitrogen, the
principal ions and trace metals. For lakes, in addition to physicochemical
analyses, elaborate biological analyses are carried out on periphyton,
macrophytes, invertebrates, fish, fertility, primary productivity, etc. Also in the
Province of Québec, the Department of Natural Resources cooperates with
private industry and the universities on special projects, like a study of the
implication of building a water supply reservoir on the Bulstrode River,
Victoriaville [97, 98]. The water quality service of this department intends to
make studies of biological indicators.

The Department of Agriculture — In the Province of Québec, the Department
of Agriculture is currently carrying out a special study project on the
contamination of groundwater by nitrates. Many samples are being taken from
the groundwater layer or in lysimeters, at several locations in the Province of
Québec. These samples are sent to a laboratory where the various forms of
phosphorus and nitrogen are measured, as is potassium.

The Municipal Governments

Municipalities are authorized by the provinces to supply drinking water and
to treat sanitary wastewaters. Initiatives to regroup municipalities and solve
problems on a regional scale are increasing at an accelerated pace. Moreover, in
certain provinces there are agencies with powers for planning and project
implementation, notably dam and water conservation administrations. The
municipal governments also take part in surface water quality sampling and analysis.
At filtration plants, two samples are generally taken every day and analyzed for the
following parameters: turbidity, pH, temperature, color, and conductivity.
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SECOND CASE STUDY: FINLAND

The National Board of Waters is responsible for water management in
Finland. The board is a central agency with six administrative divisions,
themselves divided into a number of separate offices (Figure 1). Particular
attention is given to legal questions related to compliance with pollution laws, to
the issuing of various kinds of operating permits, and since 1970, to overall
water uses planning in the areas of conservation, supply, sewage treatment,
resource tapping, flood control, and research [99].

There is a special research division: the Water Research Institute {100]. Its
task is to develop water resource knowledge, to monitor water pollution, and to
design and implement special research projects on various problems in this field.
The Water Research Office, one of the Water Research Institute, operates
several permanent and temporary networks. In principle, the purpose of the
permanent networks is to supply information on a continuing basis while the
temporary networks exist for specific purposes. There are five permanent
networks now in operation.

Permanent Networks

The flowing water network — In this program, water is sampled at 160
stations four times a year (March, May, August, and October). The samples are

taken at a depth of one meter; the parameters analyzed are given in Table 2
{101].

The lake network — Water is sampled at 155 stations once a year in the
second half of March. Samples are taken at one meter, five meters, the mean
depth, and one meter above the bottom. The parameters analyzed are given in
Table 2. Temperature, dissolved oxygen, conductivity, pH, and color are
studied more intensively, in their relation to stratification.

The frontier waters network — Flow is measured and water sampled at
fourteen stations along the border with the USSR.

The marine network — Samples are taken at thirty-three ordinary and fifty
to sixty-five special stations off coastal towns, in July, August, February, and
March. The parameters measured are given in Table 2.

The brookwater network — Samples are taken from thirty-four stations
located throughout the country. The aim is to determine the quality and
quantity of inputs to surface water from ground sources and to study the factors
contributing to these inputs [102].

Temporary Networks

Several networks were set up for definite periods of time to satisfy needs for
specific knowledge. Their objectives and sampling programs are described below.
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Table 2, List of Measured Parameters

Parameters Unit Range
Water
Water Level cm 0-999
Temperature °c 0.1-10.0
Oxygen percent saturated 0-110
Carbonates mg/ 0-99
Suspended Solids mg/| 0-99.0
Conductivity usS 10-500
Alcalinity meg/! 0-2.50
pH 3.0-9.0
Color mg/l Pt 1-800
KMnO, mg/t KMnO, 5-700
Total Nitrogen mg/I N 0.1-9.9
Total Phosphorus mg/l P 0.001-0.990
Total Sulfur mg/l § 0.0-50.0
Potassium mg/| 0.1-10.0
Calcium mg/} 0.1-50.0
Sodium mg/| 0.1-50.0
Magnesium mg/! 0.1-20.0
Chlorine mg/l 0.1-50.0
Iron mg/| 0.1-50.0
Silica mg/l Si0, 0.1-50.0
Sediments

Fixed Residue percent 1-99
Ignition Losses percent 1-99
K,Cr,0, mg/g O, 5-500
Total Nitrogen mg/g N 0.5-20.0
Total Phosphorus mg/g P 0.1-30.0
lron ma/a 5-400
Manganese mg/g 0.1-20.0
Zinc mg/g 0.02-2.00

The biomass network — The program lasted two years, with sampling at 700
stations. The main goal was to study eutrophication through biological
indicators.

The biomass growth period variation network — Samples were taken in
special tubes at 370 stations on two occasions during the summer of 1971. The
purpose of this network was to study changes in the algal biomass during the
summer [103].
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The Gulf of Bothnia network — The purpose of this network was to study
the effectiveness of aerial photography in monitoring water quality off the
coasts. The false-color and infrared photographs were taken at an altitude of
2,000 meters.

The water quality-network south of Lake Saimaa — The purpose was to
study the effectiveness of aerial photography in water quality studies. False-
color and infrared photographs were taken of a 10,440 km area from a height
of 2,000 meters. These were compared with the results of chemical analyses of
water at eighty-three stations.

The special river network — The purpose was to establish the relationship
between river water quality and the nature of the drainage basins. Fifteen
stations were sampled twelve times a year.

The special Lake Pidjirve network — The long-range goal is to study changes
in fertilizing substances and identify the mechanisms of these changes. Samples
were taken seventeen times a year at eight stations on rivers and four times a
year at two stations on the lake [103, 104].

The lake eutrophication-sedimentation network — The purpose was to
establish the relation between lake eutrophication and the nature of sediments
[103, 105].

The nutrient leaching network — The aim was similar to that of the
permanent brookwater netwqrk. Five small streams were sampled from one to
seven times a week. All factors that could have an impact on soil leaching were
looked at thoroughly.

The drainage and fertility network — The aim was to determine the influence
of the fertilizing season, of fertilization methods and of drainage on the leaching
of fertilizers. Samples were taken monthly and fifteen parameters measured.

The rain network — The purpose was to determine rainwater quality and to
assess the quantity of nutrients carried to surface waters by rain. Forty-two
stations were sampled four times a year and fifteen parameters measured [106].

The mercury network — The aim was to determine surface water mercury
content in sufficient detail for mercury analyses not to be needed again. Water,
sediments, fish, and fish organs were analyzed for mercury.

The estuary sediments mercury network — The aim was to determine the
stratification of mercury in the estuaries of polluted rivers. It was hoped thereby
to characterize mercury mobility in sediments.

The network studying pesticides and toxic materials in industrial effluents —
The aim was to characterize the use of pesticides, and of other toxic substances
in industry. Water, sediments, and fish were analyzed.

The man-made drainage basin network — The aim was to determine water
quality in thirty-seven man-made drainage basins and identify the influencing
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factors. Data already obtained were used and in some basins new samples were
taken. For basins under construction, soils were analyzed before flooding,.
Basins recently flooded were sampled four times a year while old ones were
sampled only once, in April.

The network studying water from fish farms — The aim was to determine
changes in surface water downstream from fish farms. Three such farms were
being studied.

The Lapland man-made basins network — The aim was to determine water
quality and identify changes in the Lokka and Porttiphata basins.

In addition to performing routine analyses for each network, the laboratories
carry out research on methods of taking, preserving and transporting samples.
Methods are also being developed for analyzing various chemical products such
as nitrogen compounds, resinous acids, pesticides, and hydrophobic compounds.

THIRD CASE STUDY: SWEDEN

Responsibility for environment protection falls mainly to the ministry of
agriculture. Within the ministry, an advisory committee on environmental
problems has been formed. This committee advises and is consulted by the
government on all aspects of the environment: management, development and
planning, and, consequently, environmental studies, and research.

Responsibility for resource management is divided among several agencies.
One of these, the Environmental Protection Agency, is responsible for
everything having to do with environmental protection, while the others are
concerned with the development of the various resources. Its mandate is to
conduct and promote environmental research, to advise on and establish
directives regarding use of the environment and to direct the preparation of lists
of areas to be protected for conservation or tourist purposes. The agency’s
organization is described in Figure 2.

The Environmental Protection Agency’s research program focuses on the
study of lake pollution resulting from wastewater discharge [107, 108]. To
elucidate the impact of urban effluents, the plan is to analyze trends in various
kinds of lakes over several years. These studies will also look at reclamation of
several polluted lakes whose tributaries have been completely diverted [109].
At the same time, the effectiveness of treatment plants will be assessed and the
pollutant loads discharged into the lakes will be monitored.

The basic program has been drawn up so that obvious changes in surface
water quality can be measured [102]. Observations and results are generally
based on weekly averages. Some lakes are being looked at in greater detail
through specialized studies. The provincial governments are responsible for
daily sampling of the lakes. The following parameters are measured in situ:
turbidity, pH, temperature. Water samples are taken vertically from zero to
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two meters with a special sampling tube. The 250 milliliter samples are frozen
for chemical analysis in the laboratory of suspended solids, COD, total nitrogen,
and total phosphorus. Biological tests (on algae) to determine the factor limiting
primary production are also made with these samples. Water samples are
preserved by iodine injection for analysis of plankton; these are kept in a samples
bank for later reference [110].

Sanitary sewage is sampled daily and a fertility test {108] and chemical
analyses are made., The samples are preserved in the manner mentioned above.
Weekly samples are made up proportional to flow and analyzed for the following
parameters: suspended solids, total nitrogen, total phosphorus, COD, and BOD;
a fertility test is also made [108]. In addition, continuous measurements of
phosphorus, COD, and suspended solids can be made from time to time using a
mobile laboratory. Special surveys are also being done for lakes and effluents:
for lakes, a detailed inventory of inputs and an analysis of seasonal changes in
stratification, and for treatment plants, in most cases, detailed studies of the
effectiveness of the various processes used.

REFERENCES

1. D. A. Bella, New Concepts in Environmental Planning, Proceedings of 2nd
Annual Technical Conference in Estuaries of the Pacific Northwest,
pp. 13-14, 1972,

2. —___ ,Fundamentals of Comprehensive Environmental Planning,
Journal of Professional Activities, Proceedings of the American Society of
Civil Engineers, 96, pp. 579-585, 1974.

3. Environment Canada, Monographie sur la planification d’ensemble des
bassins hydrographiques, Publication No. 39-19/1975F, Information
Canada, Ottawa, pp. 38-40, 1975,

4. D. Couillard, Quality of Life: The Importance of Man-Environment
Relations and a Tentative Conceptual Model, Journal of Environment
Systems, 12:2, pp. 163-183, 1982-83.

5. E. R, D. Goldsmith, A Blueprint for Survival, The Ecologist, 2:1, pp. 2-22,
1972.

6. D. Couillard, The Man-Habitat System and Multi-Use Projects: Description
and Representation, Journal of Environmental Systems, 11.:2, pp. 175-187
1981-82.

7. B. Belovic, Le processus fédéral d’évaluation de I'impact des projets sur
l’environnement, Proceedings of the 14th Conference AQTE, Montréal,
pp. 2.1-2.10, 1976.

8. M. L. Warner and E. H. Preston, 4 Review of Environmental Impact
Assessment Methodologies, Report No, 68-01-1871, Office of Research
and Development, U. S. Environmental Protection Agency, Washington,
D.C., 20460, 1974,

9. W. L. Smith, Quantifying the Environmental Impact of Transportation
Systems, Van Doren-Hazard-Stallings-Schnacke, Topeka, Kansas,
mimeographed, undated.

’



342 / DENIS COUILLARD

10.

11

12.

13.

16.

17.

18.

19.

20.

21.

22.

23.

24,

1. McHarg, A Comprehensive Highway Route-Selection Method, Highway
Research Record, Number 246, pp. 1-15, 1968.

I. McHarg, Design with Nature, Garden City, Natural History Press,

pp. 31-41, 1969.

A. D. Little, Transportation and Environment: Synthesis for Action:
Impact of National Environmental Policy Act of 1969 on the Department
of Transportation, Vol. 3: Options for Environmental Management,
prepared for Office of the Secretary, Department of Transportation, 1971,
W. C. Atkins and D. Burke, Interim Report: Social, Economic, and
Environmental Factors in Highway Decision Making, research conducted
for the Texas Highway Department in cooperation with the U. S,
Department of Transportation, Federal Highway Administration: College
Station, Texas; Texas Transportation Institute, Texas A&M University,
1971.

Institute of Ecology, University of Georgia, Optimum Pathway Matrix
Analysis Approach to the Environmental Decision Making Process, Test
Case: Relative Impact of Proposed Highway Alternatives, University of
Georgia, Institute of Ecology, Athens, Georgia, mimeographed, 1971,

. L. B. Leopold, F. E. Clarke, B. B. Hanshaw, and J. R, Balsley, 4 Procedure

for Evaluating Environmental Impact, U. S. Geological Survey, Circular
645, Washington, D.C., 13 pages, 1971,

J. C. Sorensen, A Framework for Identification and Control of Resource
Degradation and Conflict in the Multiple Use of the Coastal Zone, Thesis,
Department of Landscape Architecture, University of California, 50 pages,
1971,

J. C. Sorensen and J, E. Pepper, Procedure for Regional Clearinghouse,
Review of Environmental Impact Statements Phase Two, Report to the
Association of Bay Area Government, 1973,

Central New York Regional Planning and Development Board,
Environmental Resources Management, prepared for department of HUD,
NTISPB 217 517, 1972.

N. Dee, Environmental Evaluation System of Water Resources Planning,
Report of the U. S. Bureau of Reclamation, Columbus, Ohio, Battelle
Memorial Institute, 1972.

T. M. Krauskopf and D, C. Bunde, Evaluation of Environmental Impact
Through a Computer Modelling Process, Environmental Impact Analysis:
Phylosophy and Methods, R, Ditton and T. Goodale (eds.), University of
Wisconsin Sea Grant Program, Madison, Wisconsin, pp. 107-125, 1972,
Multiagency Task Force, Guidelines for Implementing Principles and
Standards for Multi-Objective Planning for Water Resources, Review Draft,
U. S. Bureau of Reclamation, Washington, D,C., December 1972,

L. V. Stover, Environmental Impact Assessment: A Procedure, Sanders and
Thomas, Inc., Miami, Florida, 1972.

Tulsa District, U, S. Army Corps of Engineers, Matrix Analysis of
Alternatives for Water Resource Development, draft technical paper, 1972,
N. Dee, Planning Methodology for Water Quality Management:
Environmental Evaluation System, Columbus, Ohio, U,S.A,, 1973,



25.

26.

217,

28.

29.

30.

31

32.

33,

34.

35,

36.

37.

38.

39.

40.

WATER MONITORING NETWORKS / 343

J. L. Moore, A Methodology for Evaluating Manufacturing Environmental
Impact Statements for Delaware’s Coastal Zone, report to the State of
Delaware, Battelle Memorial Institute, Columbus, Ohio, 1973,

D, Couillard, Systems Analysis for Description of Environmental
Pollution, Water Supply and Management, 5, pp. 183-194, 1981,

, Evaluation des impacts environnementaux dus aux rejets d’une
usine de pate Kraft sur le Salmo salar ouananiche 4 ’aide d’une nouvelle
méthode: le graphe de cohérence, Environmental Pollution, 2,
pp. 145-161, 1981,

D. Couillard, J. P. Lacasse, and M. Slivitzky, Impact sur I’environnement
du projet oléoduc et super-port Saint-Laurent, Tome I: Aspects juridiques
des conséquences du projet, INRS-Eau, rapport scientifique no, 28,

63 pages, Université du Québec, Québec, Canada, 1973,

D. Gibson, The Constitutional Context of Canada Water Planning, Alberta
Law Review, 4, pp. 71-92, undated.

H. G. Acres Company Limited, Water Quality Management Methodology
and Its Application to the Saint John River, Policy Planning Directorate,
Environment Canada, Government of Canada, 1971,

J. F. Maclaren Limited, National Inventory of Sources and Emissions of
Lead, Publication No. APCD73-7, Air Pollution Control Directorate,
Environmental Protection Service, 1973.

Environment Canada, Sommaire chronologique des niveaux d’eau,
Publication No. En36-409/9-1979, Direction générale des eaux intérieures,
Direction des ressources en eau, Division des relevés hydrologiques du
Canada, Ottawa, Ontario, Canada, 25 pages, 1980,

Marine Sciences Directorate, Symposium on Modeling of Transport
Mechanisms in Oceans and Lakes, Report No. 43, Marine Environmental
Data Service, Ocean and Aquatic Sciences, Department of Fisheries and
the Environment, Ottawa, Ontario, Canada, 415 pages, 1977.
Environment Canada, Inventory of Canadian Freshwater Lakes, Inland
Waters Directofate, Water Resources Branch, Ottawa, Ontario, Canada,
1973.

Great Lakes Science Advisory Board, Report on Great Lakes Water
Quality, International Joint Commission, Great Lakes Regional Office,
Windsor, Ontario, Canada, N9A 6T3, 1981,

, Report to the International Joint Commission: 1981 Annual
Report, International Joint Commission, Great Lakes Regional Office,
Windsor, Ontario, Canada, N9A 6T3, 1981,

Great Lakes Basin Commission, Public Priorities for Great Lakes Research,
Ann Arbor, Michigan, U.S.A,, 1975,

Great Lakes Research Advisory Board, Great Lakes Water Quality
Research Needs, Ann Arbor, Michigan, U.S.A., 1976.

Great Lakes Water Quality Board, Great Lakes Water Quality, Annual
Report to the International Joint Commission, Windsor, Ontario, Canada,
1973.

, Great Lakes Water Quality, Annual Report to the International
Joint Commission, Appendix B, Windsor, Ontario, Canada, 1974,



344 / DENIS COUILLARD

41. Great Lakes Water Quality Board, Great Lakes Water Quality, Annual Report
to the International Joint Commission, Appendix B, Windsor, Ontario, Canada,

1975.
42, R.J. Mason, Public Concerns and PLUARG: Selected Findings and

Discussion, Journal of Great Lakes Research, 6:3, pp. 210-222, 1980.

43, Inland Waters Directorate, Analytical Methods Manual, Water Quality
Branch, Inland Waters Directorate, Ottawa, Canada, 1975.

44, B. . Dutka, Methods for Microbiological Analysis of Waters, Wastewaters,
and Sediments, Inland Waters Directorate, Scientific Operation Division,
Canada Centre for Inland Waters, Burlington, Ontario, Canada, 1977.

45. I. W. Heathcote, R, R. Weiler, and J. W, Tanner, Lake Erie Nearshore
Water Chemistry at Nanticoke, Ontario, 1969-1978, Journal of Great
Lakes Research, 7:2, pp. 130-135, 1981,

46. R. Freitag, P. Fung, J. S. Mothersill, and G. K. Prouty, Distribution of
Benthic Macroinvertebrates in Canadian Waters of Northern Lake Superior,
Journal of Great Lakes Research, 2:1, pp. 177-192, 1976.

47. C. 1. Dell, Sediment Distribution and Bottom Topography of Southeastern
Lake Superior, Journal of Great Lakes Research, 2:1, pp. 164-176, 1976.

48. _________, Relationships of Till to Bedrock in the Lake Superior Region,
Geology, 3, pp. 563-564, 1975,

49, A. L. W.Kemp and N, S. Harper, Sedimentation Rates and a Sediment
Budget for Lake Ontario, Journal of Great Lakes Research, 2:2,
pp. 324-340, 1976.

50. —___, Sedimentation Rates in Lake Huron and Georgian Bay,
Journal of Great Lakes Research, 3:3-4, pp. 215-220, 1977.

51. A. L. W.Kemp, G, A. Macinnis, and N. S. Harper, Sedimentation Rates
and a Revised Sediment Budget for Lake Erie, Journal of Great Lakes
Research, 3:3-4, pp. 221-233,1977.

52. R. Frank, R. L. Thomas, H. Holdrinet, R. K. McMillan, H. E. Braun, and
R. Dawson, Organochlorine Residues in Suspended Solids Collected from
the Mouths of Canadian Streams Flowing into the Great Lakes 1974-77,
Journal of Great Lakes Research, 7:4, pp. 363-381, 1981.

53. A. H. El-Shaarawi, A, A. Qureshi, and B. J. Dutka, Study of
Microbiological and Physical Parameters in LLake Ontario Adjacent to the
Niagara River, Journal of Great Lakes Research, 3:3-4, pp. 196-203, 1977.

54. R, R. Weiler, Chemistry of Lake Superior, Journal of Great Lakes
Research, 4:3-4, pp. 370-385, 1978.

55. T.J. Simons, Analysis and Simulation of Spatial Variations of Physical
and Biochemical Processes in Lake Ontario, Journal of Great Lakes
Research, 2:2, pp. 215-233, 1976.

56. F.M. Boyce, F. Chiocchio, B, Eid, F. Penicka, and F. Rosa, Hypolimnion
Flow Between the Central and Eastern Basins of Lake Erie During 1977,
Journal of Great Lakes Research, 6:4, pp. 290-306, 1980,

57. M. D. Palmer, Coastal Region Residence Time Estimates from
Concentration Gradients, Journal of Great Lakes Research, 1:1,
pp. 130-141, 1975,

58. A. S. Fraser, Changes in Lake Ontario Total Phosphorus Concentrations,
Journal of Great Lakes Research, 6:1, pp. 83-87, 1980.



59.

60.

61.

62.

63.

64,

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

WATER MONITORING NETWORKS / 345

1. D. Gaynor, Phosphorus Loadings Associated with Housing in a Rural
Watershed, Journal of Great Lakes Research, 5:2, pp. 124-130, 1979.

G. H. Neilsen, J, L. Culley, and D. R. Cameron, Nonpoint N Runoff from
Agricultural Watersheds Into the Great Lakes, Journal of Great Lakes
Research, 6:3, pp. 195-202, 1980.

D. C. L. Lam, Simulation of Water Circulations and Chloride Transports in
Lake Superior for Summer 1973, Journal of Great Lakes Research, 4:3-4,
pp. 343-349, 1978,

M. E. Thompson, Major Ion Loadings to Lake Superior, Journal of Great
Lakes Research, 4:3-4, pp. 361-369, 1978.

1. Fitchko and T. C. Hutchinson, A Comparative Study of Heavy Metal
Concentrations in River Mouth Sediments Around the Great Lakes,
Journal of Great Lakes Research, 1:1, pp. 46-78, 1975,

Y. K. Chau, V, K, Chawla, H. F. Nicholson, and R. A. Vollenweider,
Distribution of Trace Elements and Chlorophyll a in Lake Ontario,in
Proceedings of 13th Conference Great Lakes Resources, pp. 659-672,
1970.

A. Mudroch, Biogeochemical Investigation of Big Creek Marsh, Lake Erie,
Ontario, Journal of Great Lakes Research, 6:4, pp. 338-347, 1980,

M. Van Hove Holdrinet, R. Frank, R, L, Thomas, and L. J. Hetling, Mirex
in the Sediments of Lake Ontario, Journal of Great Lakes Research, 4:1,
pp. 69-74, 1978,

N. D. Warry and C. H. Chan, Organic Contaminants in the Suspended
Sediments of the Niagara River, Journal of Great Lakes Research, 7:4,
pp. 394-403, 1981,

D. R. Coote, E. M. Macdonald, and W, T. Dickinson, Agricultural
Watershed Studies, Great Lakes Drainage Basin, Canada, Final Summary
Report, Task Group C (Canadian Section), International Reference Group
on Great Lakes, Pollution from Land Use Activities, International Joint
Commission, Windsor, Ontario, Canada, 1978.

R. Frank, R, L. Thomas, H, E, Braun, D, I. Gross, and T. T. Davies,
Organochlorine Insecticides and PCB in Surficial Sediments of Lake
Michigan, Journal of Great Lakes Research, 7:1, pp. 42-50, 1981,

R. E. Kwiatkowski and A. H. El-Shaarawi, Physico-Chemical Surveillance
Data Obtained for Lake Ontario, 1974 and Their Relationship to
Chlorophyll a, Journal of Great Lakes Research, 3:1-2, pp. 132-143, 1977.
G. C. Roberts, G. J. Sirons, R, Frank, and H, E. Collins, Triazine Residues
in a Watershed in Southwestern Ontario (1973-1975), Journal of Great
Lakes Research, 5:3-4, pp. 246-255, 1979.

R. Frank, G. I. Sirons, R. L. Thomas, and K. McMillan, Triazine Residues
in Suspended Solids (1974-1976) and Water (1977) from the Mouths of
Canadian Streams Flowing into the Great Lakes, Journal of Great Lakes
Research, 5:2, pp. 131-138, 1979,

T. S. Dai, I. K, Hill, and D. W. Smith, The Role of Vegetation in Stabilizing
the Lower Great Lakes Canadian Shoreline, Journal of Great Lakes
Research, 3:1-2, pp. 46-56, 1977,

M. D. Palmer, Pseudo-Lagrangian Dispersion Estimates from Current
Meters, Journal of Great Lakes Research, 3:1-2, pp. 106-112, 1977.



346 / DENIS COUILLARD

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

835.

86.

87.

88.

89.

A. H. El-Shaarawi and R, E. Kwiatkowski, A Model to Describe the
Inherent Spatial and Temporal Variability of Parameters in Lake Ontario
1974, Journal of Great Lakes Research, 3:3-4, pp. 177-183, 1977,

C. L. Dell and W, G, Booth, Anthropogenic Particles in the Sediments of
Lake Erie, Journal of Great Lakes Research, 3:3-4, pp. 204-210, 1977,

H. E. Braun and R. Frank, Organochlorine and Organo-Phosphorus
Insecticides: Their Use in Eleven Agricultural Watersheds and Their Loss
to Stream Water in Southern Ontario, Canada, The Science of the Total
Environment, 15, pp. 169-192, 1980,

M. Mackinnon and R. E, Kwiatkowski, A Survey of ATP Concentrations in
Lake Ontario, 1975-1976, Journal of Great Lakes Research, 6.3,

pp. 177-183, 1980.

P.C. Liu and T, A. Kessenich, International Field Year for the Great Lakes
Shipboard Visual Wave Observations vs, Wave Measurements, Journal of
Great Lakes Research, 2:1, pp. 33-42, 1976.

Environment Canada, Mirex in Canada, report of the Task Force on
Mirex, April 1, 1977 to the Environmental Contaminants Committee of
Fisheries and Environment Canada and Health and Welfare Canada,
Technical Report No, 77-1, Ottawa, Ontario, Canada, 1977.

Environment Canada, Index of Water Quality Stations, Publication No.
En-36-418, Inland Waters Directorate, Water Quality Branch, Environment
Canada, Ottawa, Ontario, Canada, 100 pages, 1973.

Ontario Ministry of the Environment, Green Paper on Environmental
Assessment, Ministry of the Environment, Ontario, Canada, 1973.

M. Allard, La lutte contre la pollution des eaux au Québec, Ministére de
I’Environnement du Québec, Québec, Canada, 52 pages, 1970,

Direction des Inventaires, Répertoire hydrologique, Publication No, HP-48,
Direction générale des inventaires et de la recherche, Ministére de
I’Environnement, Gouvernement du Quebec, Québec, Canada, 86 pages,
1980.

Ministére du Tourisme, de la Chasse et de la Péche, Travaux en cours,
rapport no 1 & 10, Direction générale de la faune, Gouvernement du
Québec, Quebec, Canada, 1962-1977,

Ministry of the Environment, A Guide on Estimating Sewage Treatment
Plant Construction Costs in the Province of Ontario, Publication No. 1,
Design Approvals Section, Sanitary Engineering Branch, Ontario Ministry
of the Environment, Ontario, Canada, 43 pages, 1973.

Régie des eaux du Québec, The First Phase of the Directives of the Québec
Water Board to the Pulp and Paper Industry, Publication No. 31, Québec
Water Board, Ministry of Environment, Quebec, Canada, 1970,

M. B. Fielding, Temperature Monitoring of and Insulated Watermain,
Report No. RP-2044, Pollution Control Branch, Ontario Ministry of the
Environment, Ontario, Canada, 19 pages, 1976.

Service Qualité des eaux, Annuaire qualité des eaux, Ministére des
Richesses naturelles, Gouvernement du Québec, Québec, Canada,

346 pages, 1971,



90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

WATER MONITORING NETWORKS / 347

Gouvernement du Québec, Inventaire physico-chimique de 147 lacs du
Québec, Direction générale des eaux, Gouvernement du Québec, Québec,
Canada, 172 pages, 1973,
P. Auger, Synthése des études de la qualité du milieu aquatique de la
riviére Saint-Frangois, Direction générale des inventaires et de la recherche,
Ministére de I’Environnement, Gouvernement du Québec, Québec, Canada,
69 pages, 1980.
1. Béland, Etude de la qualité des eaux du fleuve Saint-Laurent —
répertoire des résultats d’analyse, Ministére de ’Environnement,
Gouvernement du Québec, Québec, Canada, 1973.
J. Llmas, A, Soucy, M., Frenette, J, L. Verrette, M. P, Cescas, J. B. Serodes,
0. Gubeli, J. C. Roy, and J. G. Bernard, Etude du fleuve Saint-Laurent —
Aspects physiques et sédimentologiques, Centre de recherche sur l'eau,
Université Laval, Québec, Canada, 148 pages, 1973.
J. Béland, Etude du fleuve Saint-Laurent — Qualité des eaux, Groupe de
travail Canada-Québec sur le fleuve Saint-Laurent, Ministére de
IEnvironnement, Gouvernement du Québec, Québec, Canada, 256 pages,
1974,
A. Caillé, P. G. Campbell, D. Cluis, D. Couillard, M. Pedneault, L. Potvin,
A. Rousseau, J. S. Sasseville, and A. Tessier, Etude du fleuve Saint-Laurent
(trongon Cornwall-Varennes): Synthése des études 1972-1973, INRS-Eau,
rapport scientifique no 41, 105 pages, Université du Québec, Québec,
Canada, 1974.
D. Cluis, D, Couillard, R. Lapointe, L, Potvin, A, Rousseau, J. L, Sasseville,
and A. Tessier, Etude du fleuve Saint-Laurent (troncon Varennes-
Montmagny): Synthése des études 1973-1974, INRS-Eau, rapport
scientifique no 48, 141 pages, Université du Québec, Québec, Canada,
1975.
P. G. Campbell, B. Bobée, A, Caillé, P. Couture, M. Lachance, R. Lapointe,
J. L. Sasseville, and S. A, Visser, Effets du décapage de la cuvette d’un
réservoir sur la qualité de I’eau emmagasinée: élaboration d’une méthode
d’étude et application au réservoir de Victoriaville (riviére Bulstrode,
Québec), INRS-Eau, rapport scientifique no 37, 304 pages, Université du
Quebec, Quebec, Canada, 1976.
P. G. Campbell, B. Bobée, A, Caillé, M. J. Demalsy, P. Demalsy,
J. L. Sasseville, and S. A. Visser, Pre-Impoundment Site Preparation: A
Study of the Effects of Top Soil Stripping on Reservoir Water Quality,
Verhandlungen Internationale Vereinigung Limnologie, 19(3),
pp. 1768-1778, 1975.
A, Laaksonen, Water Quality in the Water System — A Study Based on
Observation Carried Qut by the Water Pollution Control Authority
1962-1968, Soil and Hydrotechnical Investigations, Report No. 17,
132 pages, 1970.

, Observations on Lake Deeps by Water Authority in March
1965-1970, publication of the Water Research Institute, Report No. 4,
80 pages, Vesihallitus, National Board of Waters, Helsinki, Finland, 1972,



348

101.

102,

103.

104.
10S.
106.
107.
108.

109.

110.

/ DENIS COUILLARD

A. Laaksonen, Quality of Inland Water in Finland, Aqua Fennica,

pp. 47-58,1971.

G. Goffeng, Hydrological Data-Norden IHD Stations: Introductory
Volume, National Committees for the International Hydrological Decade
in Denmark, Finland, Iceland, Norway, and Sweden, 70 pages, 1971.

V. Ilmavirta and K, Ilmavirta, Biomass, Production, and Production
Rhythm of Phytoplankton, in V, Ilmavirta, L. Paasivirta, R, Ruuhijarvi,
and J. Sarvala (eds.), Paajarven (EH) Ekologinen Tutkimus, Vuosiraportti,
pp. 16-38, 1972,

R. Ruuhijarvi, Lake Pddjdrvi, Luonnon Tutkija, 78:4-5, pp. 101-107, 1974,
I. Hakala, Sedimentation, Luonnon Tutkija, 78:4-5, pp. 108-110, 1974,
K. Haapala, The Quality of Rainwater in Finland According to
Observations Made During 1971, Vesihallitus-National Board of Waters,
Report No. 26, 43 pages, Helsinki, Finland, 1972,

C. Forsberg and A. Forsberg, Algal Growth Potential Test Improves
Sewage Effluent Control, Ambio, 1, pp. 26-29, 1972.

C. Forsberg, An Algal Assay Procedure for Monitoring Sewage Effluents,
Journal Water Pollution Control Federation, 44:8, pp. 1623-1628, 1972,
C. Forsberg, B, Hawerman, and L, Ulmgren, A Program for Studies of the
Recovery of Polluted Lakes, Vatten, 2-72, pp. 156-161, 1972.

E. Jonsson, Dataprocessing in the Limnological Survey of the National
Swedish Environment Protection Board, Report No. 39, Limnologiska
Institutionen Uppsala, 24 pages, 1970.

Direct reprint requests to:

Dr. Denis Couillard

Institut National de la Recherche Scientifique (INRS-Eau)
Universite du Quebec

2700 rue Einstein

C. P. 7500, Sainte-Foy

Queébec, Canada G1V 4C7





