-

/ \-
- ((

- Ty &

TECHNICAL SUPPLEMENT P
TO THE
1985 ANNUAL REPORT OF THE COORDINATING COMMITTEE FOR
WATER QUALITY IN THE OTTAWA RIVER

Water Quality Branch
Inland Waters Directorate



- e

Abstract

Doc. No.

Table of Contents

Inlroduction

1.0

2.0

Major Ions

1.1 Introduction

1

.2

um
1 Mainstem
2 Tributaries

— =

odi
.2,
2.

Chloride
1.3.1 Mainstem
1.3.2 Tributaries

Sulphate

1.5.1 Mainstem
1.5.2 Tributaries
Potassium

1.6.1 Mainstem
1.6.2 Tributaries

Magries ium
1.7.1 Mainstenm
1.7.2 Tributaries

Bicarbonate and Carbonate
1.8.1 Mainstom
1.8.2 Tributaries

Parameters Related to Acid Rain

2.1 Introduction

2.2 pH

2.2.1 Mainstem
2.2.2 Tributaries

2.3 Total Hardness

2.3.1 Mainstem
2.3.2 Tributaries

2.4 Alkalinity

2.4.1 Mainstem
2.4.2 Tributaries

243 &MQ%U%Z ko Acd [Ram

1939h



3.0

4.0

Heavy Metals
Data Sources

3.1 Copper
3.1.1 Mainstem
3.1.2 Tributaries
3.1.3 Sediment
3.1.4 Fish

3.2 Nickel

1 Mainstem

2 Tributaries

3 Sediment

4 Fish

wwwwa

3.3
1 Mainstem
.2 Tributaries
3 Sediment

3.4
1 Mainstem

2 Tributaries
.3 Sediment

4 Fish

3.5
1 Mainstem

2 Tributaries
.3 Sediment

4 Fish

r Metals

1 Water

.2 Sediment
3 Fish

3.6

3.7 Conclusion

Toxic Organic Substances
4.1 Introduction

4.2 Fish

4.3 Water

4.4 Sediment

i




: e

- em e

5.0

6.0

7.0

Nutrients
5.1 Introduction

5.2 Total Nitrogen
5.2.1 Mainstem
5.2.2 Tributaries

5.3 Tolal k]eldahl Nitrogen
5.3.1 Mainstem
5.3.2 Tributaries

5.4 Ammonia
5.4.1 Mainstem
5.4.2 Tributaries
5.5 Dissolved Nitrate and Nltrq}e
5.5.1 Mainstem
5.5.2 Tributaries
5.6 1 Phosphorus
1 Mainstem
2 Tributaries
3 Comparison with Water Quality Objective

Sd é Cx4sen
l ﬁ(\r\’f“‘§( '
bt e €o

ta
6.
6.
6.
[4S
%}
Phys alzParameters

To
5.
5,
5.
57 Di
ic

6.1 Turbidity

r
1.1 Mainstem
1.2 Tributaries
1.

T
6.
6.
6.1.3 Comparison with Water Quality Objective

6.2 Concluclivity
6.2.1 Mainstemn
6.2.2 Iributaries

Radionuclides

7.1 Sources

7.2 Effects

7.3 Guidelines

7.4 Radionuclides Levels

7.5 References



8.0

9.0

Water Quality Objectives

8.1 Background

8.2 Water Uses

8.3 Scientific Basis of Objectives

8.4 Problems Encountered in Setting Objectives

8.5 Rationale for Water Quality Objectives

Remedial Programs

9.1 Municipal Pollution Control Programs
9.1.1 Ontario
9.1.2 Quebec

9.2 Industrial Pollution Control Programs
9.2.1 Ontario
9.2.2 Quebec

9.3 Agricultural Inputs

9.4 Other Discharges

10.0 References

ot

{



- A S an b eh o ah & i e

abstract

The report presents ard interprets the water quality data collected from 1979

to 1984 by federal and provincial governments as the mainstem of the Ottawa
River, between Notre-Dame-du-Nord and Carillon Dam, and on the tributaries on
the Quebec and Ontario side.
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Introduction

This report is a companion volume to the "1985 Annual Report of the
Coordinating Commitiee for the Water Quality of the Ottawa River". It is a
technical supplement giving the details of the water guality aspects of the
mainstem of the Ottawa River and its tributaries.

The data used for this analysis have been collected by the Ministere de
1'Environnement du Quebec (MEQ), the Ontario Ministry of the Environment
(OMOE) and Environment Canada (EC). The data discussed in this report cover
the period of 1979-1984 and in specific cases reference is made to earlier
studies.
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MAJOR IONS

Introduction

Major ions enter aquatic systems primarily through the natural
weathering processes on bedrock and overburden deposits. Other
sources are anthropogenic, especially in the proximity of urban and

industrial developments, and atmospheric.
This section of the repori describes the spatial, temporal and
seasoial variability in major ion concentrations in the mainstem and

tributaries of the Ottawa River.

Sources of Data

Major ion data at five mainstem locations from the Ministére de
1'Environnment du Québec (MEQ) water quality database for the period
of 1979 to 1984, were evaluated. The station numbers and site

descriptions are listed in table 1.1 'and shown in figure 1.1.

The cations and anions discussed are:

Cations Anions

Calcium (Ca2+) Bicarhonate (Hco;)
Magnes iuli (Mg2+) Carbonate (Cog‘)
sodium (Nah) Chloride (C1)
Potassium (K) Sulphate (soi')

The Ontario Ministry of the Environment (OMOE) and MEQ are responsible
for the water quality data collected from the Ontario and Quebec
tributaries, respectively. The tributaries locations for which data
were analyzed are given in Table 1.2. All major ions listed above
were available for the tributaries situated in Quebec. Only
bicarbonate and carbonate values were available for the tributary

streams located in Ontario.

| | *
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The MEQ data for the major ions were screened and subsequently grouped
according to the comparability of the preservation, storage, sampling
and analytical procedures used during the 1979 - 1984 period. These
analytical techniques are described in "Parametres Numeriques du
Dictionnaire" (MEQ, 1984). The bicarbonate and carbonate values were
calculated as described in the NAQUADAT Dictionary (Environment
Canada, 1984). Screened and calculated data were stored in a separate
NAQUADAT file, called NAQOITAWA, which was used for all subsequent

interpretation.

annual and seasonal mean concentrations and ranges were calculated.
Standard statistical tests, at 95% confidence level, were applied to
the screened data. One way ANOVA, Student's t-test, "goodness of
fit", and Duncans' multiple range tests were used to detect spatial,
temporal and seasonal changes at the mainstem stations and spatial
differences at the MEQ stations on the tributaries. The seasons were

defined from hydrographs and surface water temperature regimes.

SODIUM

Invertebrates and micro-organisms are the most sensitive to increased
salinity. Sodium may replace potassium to a limited extent as a
plant-nutritive elemenl and could be an antagonistic agent against

certain toxic salts.

Spatial Variation

Sodium data are summarized in table 1.3. The mean values for the
1979-1984 period in the mainstem of the Ottawa River increased
downstream, from Notre-Dame-du-Nord (Station 1) to Carillon Dam
(Station 10), from 1.23 to 3.05 mg.L_l. Throughout the year the
sodium levels upstream of Ottawa-Hull were similar and significantly
lower than downstream, (Masson) Stations 7 and Carillon Dam, values
(Figure 1.2). The increase in tributary sources coupled with the
anthropogenic influences in the lower reaches of the Ottawa River
Basin, ic. Ottawa-Hull region, may explain this rise of the dissolved

sodium concentration in the lower Ottawa River.
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The major anthropogenic contributor of sodium to the lower reaches of
the Ottawa River was probably NaCl, used during the winter for snow

and ice control. The similarity in the sodium and chloride
concentration increases downstream of Ottawa-Hull and seasonal
variations in the lower Ottawa River supports this explanation.

Temporal Variation

There were no significant changes in the sodium concentration during
the study period (1979 - 1984) at any of the surveillance stations.

Seasonal Variation

Seasonal variation was not significant in the upstream reaches of the

Ottawa River (Stations 1, 2 and 4) (lable 1.4).

In the lower reaches of the river, sodium levels recorded at Masson
(Station 7) were lower in the summer (2.36 mg.L_l) than in the octher
seasons. A similar seasonal pattern existed at Carillon Dam (Station
10). This may be attributed to a number of factors, including sodium
loading during winter and spring from snow and ice control measures,
especially in the proximity of urbanization (eg. Ottawa-Hull), and

flow regime management.

Sodium concentrations for six Quebec tributaries are summarized in
table 1.5. Annual mean concentrations during the study period for all

-1 .
six tributaries ranged from 0.83 to 3.20 mg.L ~. The highest sodium

-y WA an O
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mean concentrations occurred at Petite Nation River (Station 21).
Petite Nation and the Rouge Rivers' sodium concentrations were
significantly higher than the other tributary sodium levels. This may
reflect the contribution of ions from the marine clays found at the
moulhs of these two Quebec tributaries. The sodium concentrations of
the Kipawa River, neair Temiscaning, were significantly lower than
those of all other tributaries and the lowast 5-year mean

concentration was observed at this sampling location.
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CHLORIDE

Chloride ion is widely found in nature, generally as sodium (NaCl),

potassium (KC1) and calcium (CaClz) salts. These salts enter to the
natural waters by the weathering processes of sedimentary rocks and as

a result of human activities such as road salting, chemical

industries, sewage, irrigation drainage and refuse leachates.
Changes in the chloride concentrations of a water body may alter the
biotic community. Invertebrates and micro-organisms seem to be more
sensitive to salts, e.g. NaCl, than higher trophic levels.

Mainsten

Spatial Variation

During the 1979 - 1984 period the dissalved chloride annual mean
concentrations ranged from 0.86 to 4.05 mg.L_1 in the Ottawa River
(Table 1.6). The upper Ottawa River chloride concentrations were

significantly lower than the lower river values.

The values at Carillon Dam were three times higher than the values
observed at Notre-Dame-du-Nord. A 50 - 100% increase in the chloride
concentration occurred downstream from Ottawa-Hull. This was directly
attributed to point and non-point sources, e.g. salt used for show and
ice control, originating from the populated areas located in this

section of the river.

Temporal Variation

There were no significant increases in the chloride content of the

ambient waters of the Ottawa River during the 1979 - 1984 period.

an 4 am
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CALCIUM

Calcium is one of the two main components of the total hardness.
Calcium contributes to the reduction of toxicity of certain chemical
compounds to the aquatic fauna and consequently is beneficial to the
aquatic environment. It is also essential for most life forms. High
concentrations of calcium are relatively harmless to all organisms.

Spatial Variation

Calcium mean values at the mainstem locations in the Ottawa River are
listed in table 1.9. Calcium concentrations ranged from 3.53 to

9.54 mg.L_l, increasing in the downstream direction. Four
distinctive cones for calcium concentration were identified.
Notre--Dama-du-Nord (Zone 1), Lake Timiskaming and Portage du Fort
(Zone 2), Masson (Zone 3) and Carillon Dam (Zone 4). ‘The same tour
zones are also present for the magnesium and bicarbonate

concentrations (See sections 1.7 and 1.8).

The gradual downstream increase in calcium concentration parallels the
increased number of source loadings found along the length of the
Ottawa River, especially in the Ottawa-Hull region. A major increase
in calcium content occurred downstream from Notre-Dame-du-Nord, at
Lake Timiskaming. .This increase was a result of land development
(i.e. mining, farms and forestry), increased weathering of sandstone
rock and glacial deposits due to the impoundment characteristics of
Lake Timiskaming, and the discharge management techniques used at the
outlet of the lake.

The small calcium concentration decrease from Lake Timiskaming to
Portage du Fort was probably due to the lack of calcium contributions
from the prevalent granitic and gneiss bedrock formations along the
length of this reach of the river, coupled with the atmospheric acid
deposition that has been documented for the region (median pH = 4.0)
and the H+ contribution of the tributaries. These influences would

tend to reduce the calcium content of the ambient waters.
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Temporal Variation

There was no significant increase in calcium concentrations during the
1979 to 1984 period. The increase in the annual mean observed at

Masson was not considered significant.
Seasonal Variation

Significant seasonal differences were observed for all stations, with
the exception of Notre-Dame-du-Nord (Table 1.10). At the Lake
Timiskaming outlet, the spring mean calcium concentration

(5.8 mg.Lﬁl) was significantly lower than the remaining seasons
(6.9-7.1 mg.L~1) reflecting the spring dilution in

Lake Timiskaming. The same effect probably explains the lower spring
and summer concentrations observed at Portage du Fort (Chenaux Dam

discharge).

In contrast, the calcium peak levels in the lower Ottawa River at
Masson and Carillon Dam, occurred during the spring runoff and fall
spate periods. This probably reflected anthropogenic non-point and
point source influences located immediately upstream from these 2

locations, e.g. Ottawa-Hull region, and tributary influences.

Tributaries
Calcium concentrations for the six Quebeac tributaries are summarized
in table 1.11. The lowest annual calcium mean concentrations occurred
. . . . . o ) -1

in the Kipawa River, ranging From 2.53 to 2.89 wng.L . These low
levels were distinctly different from all other tributaries and they

may relate to the acidification process occurring in this tributary.

The highest calcium values occurred at the mouth of the Petite Nation
River. The mean values recorded at this station ranged from 8.64 to
10.67 mg.L_l. The calcium in this tributary may originate in the
marine clays that exist in the area of the mouth of the Petite Nation

drainage basin.

o
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SULPHATE

Sulphate concentrations are seldom high enough to affect adversely
aquatic life. Dissolved sulphate may be reduced to sulphide, which
then can volatize to the atmosphere as HZS' precipitate as metal
sulphide or be incorporated in living organisms. Sulphates also serve

as an oxygen source for bacteria under anoxic conditions.

Spatial Variation

Sulphate mean values and standard deviations are listed in

table 1.12. Sulphate levels increased slightly, but not
significantly, from the upper to the lower reaches of the river. This
trend may be & result of a number of sources including atmospheric
deposition (acid rain), sedimentary rocks located along the Ottawa
River, oxidation of organic materials, industiial discharges from the
pulp mills, metalworking industries and mine drainage located along
the length of the Ottawa River and its tributaries. Marine clays
which dominate the lower end of the Ottawa River, may also contribute -

to the sulphate levels in that part of the river.

Temporal Variation

A slight, gradual decrease, statistically not significant, was
observed from 1979 to 1984 in the upper part of the river.

Seasonal Variation

Summer mean concentrations were lowest for all stations, with the
exception of Notre-Dame-du-Nord (Table 1.13). The summer mean
sulphate value at Notre-Dame-du-Nord location was approximately the

same as the other seasonal concentrations recorded at this station.
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Tributaries

The annual mean sulphate levels, for the 1979 - 1984 period, ranged
from 6.15 to 8.51 mg.L—l.For most tributaries. The annual sulphate
mean values recorded at the mouth of the Petite Nation and, in some
years, Kipawa River were significantly higher than in all other
tributaries (Table 1.14). This may be due to the sulphate
contributions from the marine clays prevalent in the bottom sediments

of these tributaries.

- an e
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POTASSIUM

The potassium ion is an essential, although not limiting, element for
plant grewth., It is a common constituent of many minerals and is
always present in surface waters. Certain algae may be sensitive to

potassium salts.

Spatial Variation

Potassium mean values and standard deviations are summarized in

table 1.15. The potassium concentration increased in a downstream
direction from Notre-Dame-du-Nord to Carillon Dam. This probably
reflected the increased potassium contributions from the marine clays
and the anthroprogenic non-point and point sources prevalent in the

lower Ottawa River drainage basin.

Temporal and_Seasonal Variation

No significant temporal or seasonal variations were observed at any of

the mainstem stations (Table 1.1% and 1.16).

Annual mean potassium concentrations for the major Quebec tributaries
are listed in table 1.17. The potassium levels in the Petite Nation
River were significantly higher than in the other Quebec tributaries.
These high potassium values paralleled the other major ion
concentrations of this Quebec tributary, reflecting the marine clay

influence.
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Magnes ium

Magnesium is non-toxic to aquatic life and is one of two main elements
contributing to total hardness. The toxicity of several toxic metals
decreases as the water hardness increases. Thus water hardness

confers a protection and has a beneficial effect on aquatic life.

'he annual mean concentrations ranged from 1.05 to 2.77 mg.L—1
during the study period (Table 1.18). They increased downstream from

Notre-Dame-du-Nord Lo Carillon Dan.
The low content of the dissolved magnesium in the Ottawa River is
consistent with the softwater nature of the system and the lack of

contributions from the Canadian Shield drainage.

Temporal Variation

Although the annual mean magnesium concentration appear to have peaked
in 1981 and then declined or leveled off, the differences are not

significant.

Seasonal Variation

No significant seasonal differences were found for upper Ottawa River
stations (lable 1.19). Downstream, the summer concentrations
determined at Masson and Carillon Dam were lower than the values for
the other seasons. Tthis probably reflects the increased relative

contribution from the trihutaries, which have very low hardnesses.
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Tributaries

Magnesium concentrations determined for-the major Quebec tributaries
are sunmarized in table 1.20. The lowest annual wmean magnesium
concentrations occurred in Kipawa River (0.71 - 0.83 mg.L_I) and the
highest values were recorded in the Petite Nation River (1.62 - 2.16
mg.L_l). This slightly higher magnesium content of the Petite
Nation River may originate with anthropogenic sources and marine clay

deposits located at the mouth of this tributary.



1.8

1.8.

1

BICARBONATE AND CARBONATE

Mainstem

Spatial Variation

Calculated bicarbonate values are summarized in table 1.21. All
calculated carbonate values were zero. The bicarbonate mean value
more than tripled from Notre-Dame-du-Nord to Carillon Dam. The low
bicarbonate levels observed in the upper reaches of the Ottawa River
reflect the upper basin's bedrock geology of granitic gneiss and
granitoid intrusive rocks. The higher bicarbonate values recorded in
the lower Ottawa River are probably due to both the limestone, marble
and dolomite deposits, dominating the Ontario boundary, and the
anthropoagenic point and non-point sources, especially in the

Ottawa-Hull reygion.

The Ontario Ministry of the Environment (OMOE) collected bicarbonate
and carbonate data in 1971 and 1981. The OMOE mainstem station
bicarbonate concentration ranges were similar to the levels observed
at the corresponding MEQ mainstem stations. In the upper Ottawa
River, at Otto Holden Dam (Station 3) and the Chenaux Dam headpond
(Station 5), the bicarbonate values ranged from 14.0 to 25.0

mg.L_l. In the lower Ottawa River, at Chats Falls (Station 6), the
bicarbonate ranged between 23.0 and 58.0 mg.L—l. At the Hawkeshury
surveillance stations, below Ottawa-Hull, the range was 21.0 - 95.0

mg.L~1. These ranges are based on a very small number of results.

Temporal Variability

There were no significant temporal trends at any of the mainstem

stations.
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Seasonal Variation

The seasonal bicarbonate variation was similar to that of magnesium
and calcium: minimuwn levels occurred in the winter at
Notre-Dame-du-Nord station, spring at the Lake Timiskaming outlet and
Chenaux Dam discharge (Portage du Fort), and summer in the lcwer

Ottawa River, at Masson and Carillon Dam (Table 1.22).

Low levels recorded in the spring at Lake Timiskaming and Portage du
Fort (upper Ottawa River), parallel the dilutional effect of the
spring melt and the increased inf'luence of acidic waters depressing

the bicarbonate availability.

Peak bicarbonate levels in the lower Ottawa occurred during periods of
increased flow. These higher concentrations were attributed to the
increased bicarbonate loading from tributary streams draining the
natural limestone bedrock typical of the Ontario boundary and from
anthropogenic non-point and point sources in the Ottawa-Hull region.

Tributaries

Bicarbonate concentrations recorded at Petite Nation River were the
highest of the Quebec Lributaries (Table 1.23). This was attributed
to Lhe marine clay depasits present at the mouth of this tributary.
As in the case of other major ions, Lhe lowest bicarbonate
concentrations were recorded in the Kipawa River, which is

significantly different from the other Quebec tributaries.

Five of the seven Ontario tributaries drained primarily marble,
limestone and dolomite deposits (Bonnechere, Madawaska, Mississippi,
Rideau and South Nation Rivers). All of the bicarbonate levels

recorded from these rivers were higher than the other eight, Ontario



and Quebec, major tributaries draining the granitic rocks of the
Canadian Shield (Table 1.24). The Madawaska River headwaters
originated from parts of the Canadian Shield characteristic of
granitoid intrusive rocks and gneiss bedrock. The bicarbonate
concentration range of this river was the lowest of the above Ontario

tributaries.

All of the tributaries, excluding the five alkaline tributaries
located in Ontario, were classified as either highly sensitive or
moderately sensitive to acidic wet and dry deposition based on a
alkalinity classification set for the Ottawa River (See section 2.2).
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Doc. No. 1939h
Parameters Related To Acid Rain

Introduction

The "acid rain" falling directly on aquatic ecosystems and the runoff
from land receiving acidic deposition alter the chemistry of the
receiving lakes and streams. This section evaluates the spatial,
temporal and seasonal variations of pll, hardness and alkalinity, water
quality parameters directly affected by acid deposition and runoff.
The sensitivity of the Ottawa River to acid rain, especially in the

upper reaches of the river, is also discussed.

In 1979, it was recognized that the alkalinity of the upper part of
the Ottawa River, above Chenaux Dam, is the most susceptible to acid
rain, because it is overlying siliceous bedrock (FPTWG, 1980). The
total alkalinity determined in 1976 had not changed from the 1970
value, but the levels were low (20 mg.L—1 as CaCO3), enough to
regard this reach of the river as susceptible to inputs of acidic

precipitation (Galloway and Cowling, 1978).

Very few changes occurred in the hardness and pH ranges recorded in
the upper Ottawa River (Lake Timiskaming to Chenaux Dam) from 1947 to
1970. During that period the total hardness values ranged from 26 to

37 mg.L—1 and pH from 6.5 to 7.3 (Thomas, 1948 and 1963; OWRC, 1972).

Upstrean of Lake Timiskaming, in Lhe Quinze River, total hardness
(10.6 - 19.9 mg.L_l) and pH (6.1-7.2) were lower than the values for
the rest of the Ottawa River, thus making Lhis arca more sensitive to

acid rain.
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The downstream part of the Oliawa River was considered to be least

sensitive to acid loadings (OWRC, 1972). As in the upper part of the
river, there were no significant changes in the pH and total hardness
values measured in the Ottawa area from 1947 to 1970. The pH ranged
from 7.0 to 7.9 and hardness values from 22 to 48 mg.L_l.

Alkalinity measurements recorded in the lower Ottawa River ranged from

-1
16 to 32 mg.L (Thomas 1948; OWRC 1972).

Sources of Data

Both OMOE and MEQ measured the pH at locations on the mainstem of the
Ottawa River and its tributaries. Most of these locations are listed
in tables 1.1. and 1.2. The OMOE mainstem locations not included in

these tables, are given in table 2.1.

The screening procedures and the statistical analysis were as

described in section 1.1.2 For major ions.
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pH

A pH range of 5-9 does not have any direct detrimental affects on
fish. pH changes within this range, however, affect the toxicity of
several common pollutants, such as heavy metals. Increasing acidity
or alkalinity may make these substances more toxic (Alabaster and
Lloyd, 1982).

Spatial Variation

Annual median pH values at the mainstem locations for the period
1979-1984 are summarized in table 2.2. Duncan's Multiple Range test
indicated significant differences between the pH values of some of the

stations (Figure 2.1).

The lowest mainstem pH values were recorded at Notre-Dame-du-Nord
(Station 1). Anthropogenic influences affecting the pH levels at this
location are small consisting of the small community of

Notre-Dame-du-Nord and some sparsely distributed mining activities.

Slightly higher pH values were measured 120 Km downstream, at the Lake
Timiskaming outlet (Station 2). OMOE data indicated high conductivity
(195 umhos/cm), turbidity (37 FTU) and pH (7.78) values in the
tributaries draining the rural area located northwest of Lake
Timiskaming (OMOE, 1980). This influence and the impoundment
characterisktics of Lake Timiskaming probably improved the buffering

capabilities of the lake water.

Minimal pH Fluctuations occurred in a downstream direction from Lake
Timiskaming to Portage du Fort. Most annual median values observed at
Portage du Fort were less than the Lake Timiskaming levels, probably a
result of the prevalent acidic drainage from the tributaries, the
consistent acidic precipitation (median pH = 4.0; NAQUADAT, 1985), and
the lack of any major buffering influences of the Canadian Shield in
the 300 km reach of the upper Ottawa River from Lake Timiskaming to

Chenaux Dam.
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The median pH values in the Ottawa River, below Chenaux Dam, were
higher than those in the upper part of the river. The highest
mainstem pH, 8.7, was ohserved at Hawkeshury sampling locations
(Station 8 and 9). This low H+ concentration may have been caused

by & number of factors, including vigorous photosynthetic activity by
aquatic plants coupled with high temperature, supersaturation of
dissolved gases, and direct discharge of wastes from anthropogenic

sources.

Low pH values were found in the main channel at Perley Bridge -
Hawkesbury (Station 8) in the period of August to October 1982

(Table 2.3). They were probably due to the Canadian International
Paper (CIP) mill, located immediately upstream, and the Hawkesbury
Sewage Treatment Plant effluent, which discharges downstream from CIP
and may have influenced the water quality of the CIP plume. Data show
that the mean pH of the CIP final discharge from their lagoon
treatment system was 3.3 in October and December 1981 (OMOE, 1982).

In December, 1982, the CIP mill was closed. In subsequent years
(1983-1984) the pH in the Ottawa River adjacent to the abandoned'plant
site, increased; il ranged from 6.8 to 7.7, (OMOE, 1985).

Temporal Variation

In 1947, the pH values of Lake Timiskaming ranged from 6.6 to 7.4
(Thomas, 1948). 1In 1969 and 1970 the pH observed in the upper reach
of the Ottawa River (Timiskaming Dam to Portage du Fort) was 7.2 to
8.0 (OWRC, 1972). These ranges were higher than the ranges recorded
in this study (1979-1984) at the Lake Timiskaming outlet (6.4 to 8.0)
and Portage du Fort area (5.6 to 7.7).



=7

During the 1981 to 1983 period, the pH levels in the upper river
increased significantly only at Chenaux Dam (Figure 2.2). This was
probably caused by the high and variable alkalinity concentrations
observed in the headpond of the Dam during this time, probably due to
the discharge characteristics of the dam outlet and upstream sources
of alkalinity.

In the lower Ottawa River (Chats Falls - Station 6 to Carillon Dam -
Station 10), the same or approximately the same pH range was recorded
as that observed in earlier studies, i.e. in the Ottawa area in the
1947 study (7.0-7.7; Thomas 1948) and 1968-1970 study in the lower
Ottawa River (6.9-7.9; OWRC 1972).

Seasonal Variation

Seasonal median pH values are listed in Table 2.4. There were no
significant seasonal differences in pH in either the upper or lcwer

Ottawa River.

The pH range of values recorded throughout the Ottawa River from 1979
to 1984 were similar to previously reported findings in 1947 and

1970. In the 1981-1983 period only the Chenaux Dam pH values showed a
statistically significant increase. This was a result of high and
variable alkalinity concentrations in the headpond of Chenaux Dam at
that time.

Low huffering capacity coupled with acidic drainage waters and
atmospheric deposition were the main factors contributing to the
relatively low pH levels in the upper Ottawa River. The low pl values
in the Notre-Dame-du-Nord area may warrant concern regarding other

environmental variables, such as metals.
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The lower Ottawa River the pH values were influenced by the acidic
drainage originating from the upper Ottawa River and the Quebec
tributaries. Contributions of alkaline waters from the Ontario
iributaries buffered this influence. Consequently, median pH levels
recorded in the lower Obtawa River were slightly higher than in the

upper reaches of the river.

Anthropogenic sources of organic and inorganic compounds were
prominent influences on the low pH levels recorded along the nearshore
areas in the vicinity of the major urban centres in the lower Ottawa

River, e.g. CIP - Hawkeshury, Ontario.

Annual median pH values for the 13 Ottawa River tributaries, which
were'monitored, are summarized in table 2.5. The pH levels of the
Ontario tributaries were significantly higher than those of Quebec
tributaries. In the lower Ottawa River, this reflects the limestone
and dolomite contributions of CaCO3. The Ontario tributaries had
also high concentrations of other major ions (See Chapter 1.0). The
annal median pH showed low variability in each tributary during the

5-year period.

The p4 values of the Petite Nation River (Station 21), ranging from
4.50 to 8.00 during the period of 19/9-1983, were significantly higher
than the other Quebec tributaries. 7This river predominately drains
the Canadian Shield. At its mouth, however, where the sampling site
is located, the bedrock material changes from granitic gneiss to

carbonate rich quartzose sandstone and marine clay deposits.

Kipawa River (Station 11) pH values, ranging from 5.5 to 7.3, were
significantly lower than the other tributaries' pH levels (P<0.05).
This river drains granitic bedrock material and receives water from an .

acid stressed lake.
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The pH values of the Quebec tributaries Rouge, Liévre and Gatineau
Rivers were lower (range 5.8 - 8.0) during this study than the
reported values of the 1969-1970 study (range 6.9 - 8.3) (OWRC,
1972). The pH range for the Ontario tributaries were similar in the
two studies, with the exception of the Petawawa and Mattawa Rivers
which were slightly higher in the 1970 study.

Comparison with Water Quality Objective

The tentative pH water quality objective for the Ottawa River was set
at 6.5 - 9.0. In seven of the ten mainstem stations and seven of the
thirteen tributaries monitored several of the recorded pH values were
below 6.5 (Table 2.1). Twenty-two percent of the pH results observed
at the mainstem surveillance stations duiring the 5-year study period

were below pH 7.0.

Total Hardness

The hardness contributes to the protection of aquatic life by
attenuating the changes in pH. Calcium and magnesium, the "hardness"
ions, usually combined with bicarbonate and carbonate, together with
other ions (e.g. chloride, sulphate and sodium) form a good buffer
system. Calcium and magnesium also affect the rate of respiration in
certain invertebrates and fish and have an alternating effect on the

toxicity of some heavy metals, such as lead.

Spatial Variation

Total hardness concentrations are summarized in Table 2.6. The
Notre-Dame-du--Nord (Station 1) wean total bardness concentration (15.4
mg.L—l as CaCO3) was the lowest amongst the mainstem stations.

The highest values throughout the 1979-1983 period were obhserved at
Carillon Dam (Station 10). 7The %-year mean increased by 110% from

Notre-Dame-du-Nord td Carillon Dam,
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The smaller total hardness values in the upper Ottawa River, compared
to the lower reaches of the river, were attributed to the lack of

2 . . . . .
ca’ and Mg+2 contributions from the Canadian Shield in the upper
reaches of the river. The total hardness in the lower Ottawa River

was influenced by both the alkaline waters of the Ontario tributaries,
dowinating this reach of the river, and various anthropogenic source

inputs, e.g. Ottaws-Hull area.

Temporal Variation

Total hardness annual mean values were similar at all mainstem
stations with the exception of Masson (Station 7) during the study
period. At this location the total hardness annual mean increased by
over 50% during the period 1979 to 1983. This increase was probably
related to the drainage from the Ottawa-Hull region and tributaries

located upstream from Masson.

In August 1947, the total hardness of Lake Timiskaming was

28.3 mg.L_1 and the total hardness range at the Timiskaming dam
discharge was 21.6 - 37.5 mg.L—1 (Thomas, 1948). These values were
similar to the total hardness means in 1969 and 1970 in Lake
Timiskaming (34 and 27 mg.L_l, respectively). Comparable
concentrations (26 - 33 mg.Lnl) occurrred downstream at Chenaux Dam
(Station 4), Masson (29 u@.Lwl) and Carillon Dam (31-37 mg.L_l)
(OWRC, 1972). Al Petawawa, during the 1959 to 1961 period, the
hardness ranged from 26 to 37 mg.L_l (Thomas, 1963). All of these

earlier vélues are comparable to the values Found in this study.
In conclusion, the total hardness values calculated in this study,
from Lake Timiskaming to Carillon Dam, did not significantly differ

from previous studies in 1947, 1959-1961 and 1969-1970.

Seasonal Variation

Seasonal total hardness concentrations are summarized in Table 2.7.
The largest differences between the seasonal means were at Masson and
Carillon Dam where the summer values were lower than the means for the

other seasons.
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The annual mean total hardness for six Quebec tributaries are listed
in Table 2.8. The Kipawa River's (Station 11) hardness levels were
the lowest amongst the six tributaries. The highest values occurred
in the Petite Nation River (Station 21).

The lack of Ca+2 and Mg+2 contributions from the granitic shield
area explain the low hardness values recorded in the Kipawa River.
The high hardness concentrations observed in the Petite Nation River
may be the result of the marine clay dominating the mouth of this
tributary. This station location may not be representative of the
ambient water quality conditions prevalent in the headwaters of this

tributary.

Total hardness concentrations recorded in 1969 and 1970 from the
Rouge, Lidvre and Gatincau Rivers ranged from 14 Lo 48 n\.g.L—1 (OWRC,
1972). These mean levels were slightly higher than the values

reported in Lhis study.

The low hardness levels of the upper Ottawa River (Notre-Dame-du-Nord)
and a number of Quebec tributaries (e.q. Kipawa River) could be

detrimental to aquatic life.
Alkalinity

Alkalinity reflects the combined concentrations of carbonate

(Cog—) and bicarbonate (Hco;) ions. These two ions

contribute to the buffer capacity of the aquatic system. Atmospheric
deposition of strong acids and strong acid precursors on the Ottawa
River (median rain pH = 4.0) can alter the chemistry of low buffered

waters.
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The change in the buffer capacity may have direct effects on the
aduatic biota and indirect effects on organisms dependent upon aquatic
biota. Some of the effects of acidification on the aquatic biota are
the result of H toxicity and of the toxicity of metals leached from
the sediments due to the increased H+ concentration. Bacteria,
macrbphytes, benthic algae, phytoplankton, zooplankton, benthic
macroinvertebrates and fish can bhe effected by this acidification

process (Dillon et al. 1983).

Mainstem

Spatial Variation

Annual mean alkalinity values are summarized in Table 2.9. The
alkalinity values were significantly different at some of the 10
mainstem stations during the 5-year period. The results of the

Duncan's Multiple Range Test are shown in Figure 2.1.

The S5-year mean alkalinity level increased in a downstream direction

from Notre-Dame-du-Nord (Station 1) reaching a maximum at Chenaux Dam
(Station 5) then decreasing to Carillon Dam (Station 10). Because of
their low alkalinity, the upper reaches of the Ottawa River are :
considered moderately sensitive to acid rain. The lower Ottawa River

was the least sensitive to acid rain.

The Chenaux Dam's high alkalinity and high variability may relate to a
ntimber of natural (eg. seasonal Flow) and anthropogenic (eg.
impoundment discharge) influences. The frequency of sampling in this
reach of the OllLawa River was inadequate Lo determine the exact cause

of the high variability.

The rise in alkalinity in a downstream direction may be attributed to
a series of environmental factors, including an increase in the number
of alkaline tributary sources, urban centres, rural developments and

impoundments located along the length of the lower Ottawa River.



Temporal Variation

The data shows significant changes from 1979 to 1983 at three
monitoring stations, Masson (Figure 2.3), Chenaux Dam discharge
(Figure 2.4) and headpond (Figure 2.5). At Masson, the alkalinity
increase, by 44% from 1979 to 1983. This increase may be related to
weathering of the limestone bedrock, loading from alkaline tributary
sources located in Ontario and urban point and non-point source
runoff. There is no ready explanation of why the values and the
trends at the Chenaux Dam headpond (Station 5) and discharge
(Station 4) sampling points are so different. The fact that the 2
sites were sampled and analysed by different agencies can be a
significant factor in this apparentc%4&gg%5;§-ﬁ'1o confirm this
dlffurﬂncgg/and to be able to say whether or not physical, chemical
and biological phenomena contribute to tha—d+££e+eﬁée and by how much

alse Ye7 e
44*%H#€7;dd1t10na1 intensive survey\r— ; —

i~£&¢wwuuu;4xuxnwxxkvyﬁ-the~headpond~veﬁeﬁsvthe-i
rel—and-tecreased ~tn-the

dam—sﬂdfsthargéy' The neﬁ—%+9ﬂ+4ﬂﬁﬁﬁﬁ71ﬁﬁﬁwdjaOcredse in alkalinily in

the upper recaches of the OLtawa River could ke due to Lhe contribution

of acidic deposition depressing available buffering agents.

Seasonal Variation

Significant seasonal variation occurred at the headpond of Chenaux Dam
(Station 5) and discharge of Chats Falls Dam (Station 6). These
stations are affected by dam flow regulation and not greatly
influenced by industrial pollution.

Spring and winter values determined in the headpond of Chenaux Dam
were unusually high and alkalinity data at this site were highly
variable (Table 2.10). The sampling frequency at this station was
inadequate for explaining the unusual alkalinity results determined by
OoMOoL..



-A N - .-’

2.4,

Although not always statistically significant, the summer alkalinity
values at the stations below Chenaux Dam were lower than the values
for the other seasons of the year. This was probably due to the
reduced flows from the alkaline Ontario tributaries during the summer
period and the precipitation of CaCO3 during the summer period

related to active photosynthesis.

Annual mean alkalinity concentrations for the Ontario and Quebec
tributaries are sumnariced in Tables 2.11 and 2.12. 7The Quebec
tributaries' alkalinity values were significantly lower than the
values recorded for the Ontario tributaries, with the exception of
Mattawa River (Station 12) and Petawawa River (Station 13). The
Quebec tributaries and the Mattawa and Petawawa Rivers dfain primarily
granitoid bedrock of the Canadian Shield. Their annual mean
alkalinity range was 1.67 - 23.57 mg.L—I. These rivers can be
classified as extremely sensitive (e.g. Kipawa River) or moderately
sensitive to acid rain according to the criteria used by the Quebec .

and Ontario governments (See section 2.4.3).

The remaining Ontario tributaries (Bonnechere, Madawaska, Mississipi, .
Rideau and South Nation Rivers) drain limestone, marble and dolomite
bedrock, including marine clay overburden in the vicinity of the South
Nation River. Annual mean alkalinity values for these tributaries
ranged from 34.2 to 186.0 mglL—l. These rivers are classified as

not sensitive {o acid rain.

Kipaws River (Station 11) was the only tributary showing a consistent
downward trend in the mean alkalinity From 1979 to 1983 (Figure 2.6).
This might reflect an ongoing acidification process in the river and

its heacdwatlers.

s\



2.4.3 Sensitivity to Acid Rain

The Ontario and Quebec governments classify the sensitivity to acid

rain of surface waters based on the lFollowing classification:

Sensitivity to Acid Rain

Alkalinit
(as mg.L™! CaCoO3)

Acidified

Extreme Sensitivity
Moderate Sensitivity
Low Sensitivity

Not Sensitive

< 0

0-20
> 2.0~ 10.0
>10.0 - 25.0
>25.0

Given this classification, only the Kipawa River would fall into the

category of extreme sensitivity to acid rain. The remaining monitored

tributaries and mainstem stations can be considered moderate

(Notre-Dame-du-Nord and the Coulonge River) to not sensitive to acid

rain.

Lt
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Table 2.3: Ottawa River Mainstem pH Values recorded at Hawkesbury -
Perley Bridge - Station 8 (OMOE data)

- — YEAR

1981 1982 1983 1984
July NS 7.13 7.14 7.46
August NS 5.87 8.70 7.18
September 7.00 6.00 6.90 7 .40
October 7.00 5.94 7.40 NS
November NS 7.30 7.20 7.24

'K

w
i

= not sampled
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Figure 2.1: Duncan's Multiple Range Test (P<0.05) for Alkalinity and pH at

the 10 Mainstem Stations, Ottawa River Basin, 1979-1983.
Parameter Station

1 2 3 4 5 6 7 8 9 10

Alkalinity 6.4 15.4 16.3 13.8 43.0 28.9 20.9 25.7 32.2 23.1
mg.lY _
Cac03) L - o
pH 6.60 7.05 7.00 6.90 7.70 7.6 7.05 7.10 7.25 7.05
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pH values

Figure 2.2 pH values at Chenaux Dam, 1981-1983,
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Figure 2.3 Total Alkalinity Values at the Masson Sampling
Location, 1979-1983,
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Figure 2.4 Total Alkalinity at the Chenaux Dam Discharge
Sampling Location, 1979-1983.
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Figure 2.5 Total Alkalinity at the Chenaux Dam Headpond
Sampling Location, 1979-1983.
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Doc. No. 1939h

and Doc. No. 1940h

HEAVY METALS

Data Sources

¢At»“);~
Extractable copper, nickel, iron, zinc and lead,were monitored by MEQ
at Stations 1 (Notre Dame du Nord), 2 (Timiskaming), 4 (Portage du
Fort), 7 (Masson), and 10 (Carillon Dam). The total form of these
metals was measured by OMOE at Stations 3 (Otto llolden Dam), 5
(Chenaux Dam), 6 (Chats Falls), (Hawkesbury-Perley Bridge), and 9
(Hawkesbury Channels 1 & 2). The same melals were also measured in
water samples as "extractable" from six Quebec and as "total" from

seven Ontario tributaries.

The statistical analysis of the analytical results was conducted as

described in section 1.

Copper

Copper is considered as an essential micronutrient, and is readily
accumulated by plants and animals. Whole body concentrations tend to
decrease with increasing trophic level, presumably due to organ
specific accumulation and metabolic regulation in most consuming
organisms. Copper is not biomagnified to any great extent (50). At
high concentrations it becomes toxic to aquatic life. The proposed
objective for the protection of aquatic life in the Ottawa River is

5 ug.L—l.

Mainstem

The extractable copper concentration median values and ranges are
shown in table 3.1. 1he concentration increased from
Notre-Dame-du-Nord to Portage du Fort, where it reached a maximum, and

then decreased in the Masson to Carillon Dam stretch of the river (sece

am e e
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Figure 3.1). The upper part of the river was also characterized by a
wider range of values. Downstream at Carillon Dam, sedimentation
processes, alkaline water, low copper contributions from low flow
tributaries and biolcgical assimilation contributed Lo the narrower

, -1 . .
concentration range (3-10 ug.L ) during most of the year.

The total copper results are summarized in table 3.2. They confirm
the high extractable copper concentrations fourd at the Chenaux Dam
discharge. The total copper concentrations recorded from the headpond
of Chenaux Dam (Station 5) were significantly higher than the other
mainstem stations. Ninety-five percent of the copper values
determined at this station were above the detection limit, and 87%
were exceeding the 5 u<_:1.L_'1 objective for the protection of aquatic
life (Figure 3.2).

The origin of the high copper levels at Chenaux Dam may be the result
of a series of cumulative effects over a number of years. In 1982,
the sediments upstream from the dam were found to have high
concentrations of heavy metals, including copper (Table 3.3). The
metals may have originated from the Canadian Shield drainage area and
point sources. OLher environmental int'luences partially contributing
to the metal content in this reach of the Ottawa Rivér include the
leaching ol melals From sediments and soils in the slightly acidic
walers of the Shield area; the reduction in dissolved oxygen resulting
from the nutrient loading from the sulphite mill in Timiskaming; the
BOD loading from Conscolidated Bathurst Ltd. at Portage du Fort; the
runoff from the communities located in the area (e.g. Petawawa); and
the sedimentation processes caused by the retention characteristics of

Chenaux Dam.

Temporal Variation

Significant increases in the extractable copper concentrations were
observed starting in 1982 at Notre-Dame-du-Nord and in 1981 at Portage
du Fort (Figure 3.3). A significant increase in total copper



QN
A,

concentration was observed only in the headpond of Chenaux Dam
(Station 5), starting in 1982. Mobilization of copper from sediments

combined with local influences probably caused these changes. The
increases observed at other stations, in certain years, were only
temporary, the values returning to their previous levels in the

subsequent years.

In a previous study (1969-1970) most copper levels determined at

4 sites along the river were below the detection limit, with the
exception of Brittania in 1970 (range 20 - 70 ug.L_l) (OWRC, 1972).
The other 3 stations included Olto Holden Dam (non-detectable = ND),
filexandria Bridge (ND-20 ug.L_l) and Carillon Dam (ND-30 ug.L_l)
(Task Force, 1980). The detection limit during the 1972 to 1977

. -1
period was 10 ug.L .

In this study (1981 - 1984) samples were preconcentrated to decrease
the detection limit to 1 ug.Lml. During this period, most total

. -1 .
copper concentrations (<1-280 ug.L ) observed at all mainstem

stations were higher than the 1969-1970 values.

Seasonal Variation

Seasonal concentration ranges and medians are given in table 3.4.
Seasonal percent exceedance of the objective for the protection of
aguatic life are shown in figure 3.4 for extractable copper and figure

3.5 for total copper.

The extractable copper seasonal median concentrations determined at
all the mainstem stations were at or exceeded the tentative total
copper water ¢quality objective set for the Ottawa River (5 ug.L_l).
At four of the five locations the greatest percent exceedance took
place in Lhe spring or winter periods. At Masson the highest percent
exceedance of the objective occurred during the summer. This high
summer exceedance of the objective For the protection of aquatic life
may be related to the low flow during that period combined with the
anthropogenic influences from industrial and urban inputs from the

Ottawa-Hull region.
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Total copper seasonal variation was simmilar. Most seasonal total
copper median values recorded at the 5 mainstem stations exceeded the

water quality objective for the protection of aquatic life

(5 ug.L-l) (Table 3.4). The highest percent exceedances occurred in
the headpond oF Chenaux Dam, during the winter and spring. 1lhe lowest
percent exceedance of the objective occurred at the discharges of Olto
Holden Dam and Chats Falls Dam. Chenaux Dam is located belween these

stations (Figure 3.5).

The high copper values in water samples collected during the winter
and spring at the Chenaux Dam sampling station could be related to the
flow regime and the re-suspension of solids into the water column and
the copper content of the Kipawa and Coulonge Rivers. The water
quality aspects of this monitoring site warrants further study.

Tributaries

Tributary concentration ranges and medians are given in table 3.5 for.

extractable copper and table 3.6 for total copper.
Quebec

Median values were similar for all Quebec tributaries, but in the
Kipawa, Coulonge and Catineau Rivers the data showed greater
variability. The percent non-compliance of the objective for the
protection ol aquatic life was also higher in these tributaries
(Table 3.7). The high copper values in the Kipawa and Coulonge may
explain the source of the high concentrations of metals in the

sediments and water column of the Ottawa River at Chenaux Dam.

1O
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Total copper concentration ranges were wide at the Bonnechere and
South Nation Rivers. The percent exceedance of the objective
recommended for the protection of aquatic life was over 80% for both
tributaries. The lowest total copper concentrations and the lowest
percent exceedances of the objective were found in the Madawaska and
Mississippi Rivers (Table 3.7).

Sediment

Copper concentrations in the bottom sediments from Quinze Lake to
Petawawa accounted for 40% of the 43% exceedance of the recommended
guideline for open-water disposal of dredged materials (25 mg/kg)
(Table 3.8). rhese high copper concentirations paralleled the high
ma2tal levels, including copper, ohserved in the water column of the
Ottawa River especially at Cheraux Dam. ‘The Quebec contaminant
surveys confirmed these findings and in addition they indicated that
non-compliance of the above objective also occurred in the lower
Ottawa River, at Carillon Dam.

|

The suspended sediment analytical results show a 94% exceedance of the

25 mg/kg criteria set by OMOE (Table 3.9). The transport of copper
via the suspended sediment load seems to play a major role in copper
distribution in the Ottawa River. This distribution may be a direct
result of impoundment discharge characteristics along the length of
the Ottawa River. Further investigation should be conducted in light
of this finding.

Fish

The results of fish tissue analyéis are summarized in table 3.10.
Copper concentrations in whole Fish samples were below or at the
recomnended level for human consumption. Only 17 percent of the
piscivoious fish exceeded the recommended guideline for human

consumption.
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Nickel

The information on the sublethal toxicity of nickel to aquatic life is
sparse, but it appears that nickel is less toxic than other metals,

e.g. copper and zinc.

-The recommended objective for the protection of aguatic life in the

. . -1
Otlawa River is 29 ug.L .

Spatial Variation

Extractable nickel median levels were similar for the five Quebec
mainstem sampling stations (Table 3.11). All of the annual
extractable nickel median values were below the tentative water
quality objective set for total nickel (25 ug.L_l) but some
individual values exceeded this objective (Figure 3.6).

Total nickel levels recorded at Chenaux Dam headpond were
significantly different from the other Ontario mainstem stations
(Table 3.12). The only ron-compliance total concentrations occurred
at this station (Figure 3.6). The source of the high nickel
concentrations has not been determined, but a 1982 sediment survey
showed that the concentrations in the Petawawa area were high (7-20
wy/kg) (ltable 3).

Temporal Variation

Nickel concentrations were below the detection limit at Britannia,
upstream from Ottawa-Hull, in a 1969-1970 study (0.W.R.C., 1972), hut
they were high at Alexandria Bridge (100 ug.L_l) in the heart of the
Ottawa-Hull area in an earlier investigation (Thomas, 1963).
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There were no signilicant changes in either the extractable or total
nickel levels over the 1979-1983 or 1981-1984 period, respectively.
Most extractable nickel concentrations were below the detection limit
of 2.0 u<_:1.L_1 throughout the monitoring period. The only change
was a decrease in the high total nickel concentrations in the headpond
of Chenaux Dam. These values were highly variable (Table 3.12). At
the other mainstem stations total nickel concentrations ranged
consistently between 2-3 ug.L_1 during the 1981-1984 study period.

Seasonal Variation

The seasonal extractable and total nickel concentration ranges and
medians are summarized in Table 3.13. The seasonal percent exceedance
of the objective for the protection of aquatic life are presented in
figure 3.7, for extractable nickel and figure 3.8 for total nickel.
Most of the extractable nickel seasonal values were at or below the
delection limit (20.0 ug.Lml) and all seasonal medians were below

Lthe Lentative objective of 25 ug.L_1 for the protection of aquatic
life . A Few results exceeded this objective during the fall at
Portage du Fort (40 ug.L—l), Masson and Carillon Dam (28 ug.L_l)
(Figure 3.7).

The sampling frequency and number of samples collected were low for
the proper assessment of the total nickel concentrations in the Ottawa
River. Some unusually high total nickel concentrations were found in
the headpond of Chenaux Dam, especially in winter (up to

2700 ug.L_l) and spring (up to 1700 ug.L—l). As mentioned hefore
exceedances of the guideline for the protection of aquatic life

occurred at this location, especially during high flow periods.

Tributary concentration ranges and median values for both extractable

and total nickel are given in tables 3.14 and 3.15, respectively.

. .
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Quebec

Extractable nickel median levels were not different for the six Quebec
tributaries. Less than 5% of the nickel results exceeded the
objective for the protection of aquatic life in all the Quebec
tributaries (Table 3.7).

Total nickel was intensively sampled only in 1984, All medians were
at or below the detection limit of 2 ug.L"l. Only one result) in
the Bonnechere River in 1982, exceeded the objective for the
protection of aguatic life (lable 3.15). It appears that this value

is an outlier.

The nickel concentrations in bottom and suspended sediment samples are

summarized in table 3.8 and 3.9.

Nickel concentrations in sediment are usually higher than those in
water, with sorption playing a relatively minor role. The OMOE
criteria of acceptability for open-water disposal of dredged materials
is 25 mg/kg. This quideline was exceeded in 7 of the 13 samples,

primarily in the Templeton and Thurso locations (Table 3.8).

The nickel concentration range of the suspended material was similar
to the bottom sediment ranges. The nickel levels exceeded the
criteria of acceptabilily For open-water disposal of dredged materials
in 10 of the 18 samples (Table 3.9). These samples were collected at

Lemieux Island, located in the Ottawa-Hull area.
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Fish

Nickel is bioaccumulated by some aguatic organisms; however most
concentration factors are less than-lo3 (51,592). Bioconcentration
factors are highest in aquatic plants, intermediate in invertebrates
and lowest in fish (50). Whole fish concentrations for both

benthivore and piscivore species were well below recommended

guidelines for the protection of human consumers of fish (Table 3.10).

:
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Nickel is hioaccumulated by.some aqualic organisms; -however most/
concentration factors are less Lhan 103 (51,52). Bioconcentration
factors are highest in aquatic planis, intermediate in invertebrates
and lowest in fish (50). Whole fish concentrations for both
benthivore and piscivore species were well below recommended

guidelines for the protection of human consumers of fish (Table 3.10).

Iron

Iron is a micronutrient to plants and animals. The recommended

objective for the protection of aquatic life is 300 ug.L—l.

The extractable and total iron concentration ranges and medians are
shown in Lables 3.16 and 3.17, respectively. Compliance analysis of
the iron data ié shown in figure 3.9. The highest extractable iron
percent exceedance of Lhe objective occurred at Notre-Dame-du-Nord

(66.2%) .

During the 1981-1984 study period very high total iron concentrations
(1103900 ug.L_l) with very high variability were observed in the

head pond of Chenaux Dam. These very high iron levels occurred during
the spring period, at high flows and turbidities (5.6 - 45.0 FTU).

The lowest percent of non-compliance occurred at Chats Falls Dam,

40 km downstream from Chenaux Dam (Figure 3.9). Sedimentation of the
metal probably occurs between the Chenaux and Chats Falls Dams and
some dilution also occurs from the three major tributaries located in

this reach of river.



Temporal Variation

During the 1979-1983 period there was an apparent slight downward
trend in the extractable iron concentration at Notre-Dame-du-Nord,
Portage du Fort and Masson. The data scatter, however, is too large
to draw any definite conclusions. Fiqures 3.10 and 3.11 illustrate
the situation at Notre-Dame-du-Nord and Portage du Fort.

The total iron median values from both Hawkesbury sampling locations
showed marked declines from 1981 to 1984 although the concentration
ranges were similar throughout the period (Vable 3.17). The median
values recorded at Hawkesbury (383-750 ug.L— ) were similar to the
total iron concenlralions observed in the lower Ottawa River

(200900 ug.L_l) during 1972 to 1978 study period (Task Force, 1980).
Seasonal Variation

Seasonal concentration ranges and medians are summarized in
table 3.18. Seasonal percent exceedance of the objective for the
protection of aquatic life is shown in figure 3.12 for extractable

iron and fiqure 3.13 for total iron.

The summer median extractable iron concentrations observed at most
stations were lower than the medians for the other seasons. The
formation of stable complexes of iron with organic compounds and the
biological accumulation of iron as a micronutrient during the
productive summer months might have contributed to the lower iron

concentrations in water.

The spring median levels of extractable iron were generally higher
than the medians of all Lhe other scasons, especially in the lower
Otlawa River, at Masson and Carillon Dam. These high spring
concentrations result From Lthe spring runoff originating from the
highly urban and industrialized section of the lower Ottawa River.
Increased soil loss from the Ontario tributaries draining agricultural
areas also contributed to the high iron concentrations observed during

the springmelt.
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The exceedances of the objective recommended for the protection of
aquatic life were most Frequent during the spring or fall periods at
all stations (Figure 3.12). The highest number of seasonal

exceedances vccurred at Notre-Dame-du-Nord.

In the headpond of Chenaux Dam, ihe Lotal iron median value for the

spring (585_ug.L_1) was much higher than the other seasonal median
, -1 . . . .

concentrations (155-237 ug.L ). This high spring concentration

paralleled the other metal seasonal characteristics at this station.

At Otto Holden Dam the total iron median levels were similar for all
seasons. This consistent iron concentration was probably partly
related to the excessive BOD loading that occurs throughout the year
from Tembec Forest Products Ltd., Temiscaming, Quebec. Iron levels in
the water column were in part, governed by the redox conditions of the
site. The BOD loading, including the ammonia from the mill, and Lake
Timiskaming influenced the dissolved oxygen regime at Otto Holden Dam,
especially during the ice covered winter period. Some high iron

results were obtained in the winter at this station.

The iron concentrations in waler samples colleclted at Chats Falls Dam,
also had no seasonal paltern although the summer median was slightly
lower than the winter value. The biological uplake and complexing of
iron with organic compounds during the summer months could account for
this. Sample sizes were small, but the highest percent exceedances
occurred during the spring period again probably as a result increased

iron input from land runoFF at that time of the year (Figure 3.13).

Tributaries

Tributary concentration ranges and median values for both extractable

and total iron are presented in tables 3.19 and 3.20, respectively.
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Kipawa River iron values were much lower than the other Quebec
tributaries (Table 3.19). The highest median levels and
concentrations were found in Petite Nation River. The highest percent

exceedance of the objective also occurred at this site (Table 3.7).

By far the highest median values and concentrations and most
exceedances of the recommended objective for the protection of aquatic
life occurred at the mouth of the South Nation River . The other
Oontario tributaries with substantially high total iron concentrations
were the Bonnechere and Rideau Rivers. The Bonnechere drains an area
of the Canadian Shicld and agricultural land and the Rideau drains
agricultural and urban land. The percenl exceedance of the objective
ohserved in Lhese two rivers was also higher than the other Ontario

tributaries, apart from the South Nation River results.

Sediment

The results of iron analysis in suspended sediment samples are

summarized in table 3.9.

In the presence of oxygen, the ferrous ion is oxidized and
precipitates as ferric ion. Subsequently, iron is usually found as
colloidal suspensions of ferric hydroxide particles (54). These flocs
remain suspended in the water column or deposit in the bottom
sediments. Under anaerobic conditions, iron is usually released back
to the water in the ferrous form, but it also may combine with

hydrogen sulfide to produce ferrous sulfide yielding black muds.

In Lthe Otltawa River, eitheir ferric or Ferrous Forms predominate
certain reaches depending on the ambhient water quality and bottom
sedimernit conditions. ‘The iron concentration in the suspended
sediments collected al Lemieux Tsland were well above the OMOE
criteria of acceptability for open-water disposal of dredged material
(Table 3.9). Two thirds of the results also exceeded the "heavily
polluted" guideline recommended by EPA (25 000 mg.kg_l).
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Zinc

Zinc is an essential element to plant and animal life and is readily
bivaccumulated thiroughout the bivtic community. Bioconcentration
factors on Lhe order of l03, for freshwaler plants and Fish, to

104 for freshwaler invertebrates have been reported (51, 55). Above
certain concentrations zinc is toxic to bhoth aquatic flora and fauna.
In the Otlawa River a maximum concentration of 30 ug.L—1 has been

recommended for the protection of aquatic life.

Spatial Variation

The extractable zinc concentrations were similar for the five Quebec
mainstem stations located in the Ottawa River (Table 3.21). The
stretch from Lake Timiskaming to Masson showed much higher
variability, probably due to the variety of inputs in this part of the

river.

The total zinc concentrations, measured by OMOE at the five Ontario
mainstem locations, paralleled the extractable concentrations, i.e. a
narrow range of median values combined with wide ranges of individual

values at and downstream From Chenaux Dam (Table 3.22).

Total zinc values were extremely high and variable in the headpond of
Chenaux Dam (2-2800 ug.L—l) during the 1981 to 1984 period. High
heavy metal concentrations were consistently observed at this
location. Twenty percent of the total zinc values in the headpond of
Chenaux Dam and 10% of the extractable results from the Chenaux Dam
discharge, were above the tentative water quality objective for the
protection of aquatic life (30 ug.L_l) compared with only 3% of the
Chats Falls total zinc values (Figure 3.14).



Temporal Variation

Total zinc concentrations in the Ottawa River between 1972 and 1977
were all below the detection limit (10 ug.L—l) (Task Force 1980).

The majority of zinc concentrations determined in the Ottawa River at
Otto Holden Dam, Alexandria Bridge, in the Ottawa-Hull region, and
Carillon Dam during the 1969-1970 survey were above the recommended
objective of 30 ug.L_1 (OWRC, 1972). Alexandria Bridge values were
the highest, ranging from non-detectable to 200 ug.L"1 (OWRC, 1972).

From 1979 to 1983 there were no significant increases of the
extractable zinc at any of the mainstem stations, but concentration
ranges were wide at Portage du Fort and Lake Timiskaming.

Substantial reductions of the tolal zinc wedian concentrations
vccurred from Chenaux Dam to Chats Falls Dam consistently from 1981 to
1984, similar Lo the patlern for copper, nickel, iron and lead. A
sedimentation zone might be present between Lhese two stations as well

as a dilukion effect due Lo the inlflow of three major Lributaries.
Total zinc concentrations in the lower Ottawa River during the 1981 -
1984 period seem to be lower than the levels found in previous

studies, 1969 to 1977.

Seasonal Variation

Seasonal concentration ranges and medians are summarized in
table 3.23. Seasonal percent exceedance of the objective for the
protection of aquatic life are shown in figure 3.15 for extractable

zinc and figure 3.16 for total zinc.

There were no seasonal patterns in the extractable zinc concentrations
with the excepltion, perhaps, of the Notre-Dame-du-Nord sampling
stakion. The spiring median level (10 ug.L_l) was lower than the
other seasonal median values (15-20 ug.L_l) at this localtion and

this variation may be related to the flow regime characteristics of

Lhis station,




L]

3.4,

2

At the Lake Timiskaming outlet, the maximum seasonal values were
greater than the corresponding results of the other mainstem
locations. These high zinc values may stem from both the Canadian
Shield drairage and the mining activity in Haileybury, located on the
northwest shore of Lake Timiskaming. The low summer concentrations
(4-80 ug.L_l) may be related, apart from the natural cycling of zinc
in the aqualic environmment by biological assimilation and sedimenting

detrilus, to the dam discharge practices.
Tributaries

Tributary concentration ranges and median values for extractable and

total zinc are given in tables 3.24 and 3.25, respectively.
Quebec

Extractable zinc medians were similar in all the Quebec tributaries.
The ranges were also similar although ocassional high values, with no .
consistent pattern, were measured in some of the tributaries

(Petite Nation and Rouge Rivers). The highest exceedances of the
objective for the protection of aquatic life occurred in the upper

tributaries Kipawa (16.2%) and Coulonge Rivers (16.4%) (Table 3.7).
Ontaric

Total zinc concentralion ranges were highly variable in tributaries
draining the Canadian Shield (Mattawa, Potawawa and Bonnechere Rivers)
(Table 3.25). The four year median value for the South Natiorn River
was tiuch higher than the medians of the remaining tributaries. The
percent exceedance of the objective for the protection of aquatic life
was also the highest at this station (28.2%) (Table 3.7). The
Bonnechere River was the only other tributary concentrations with a
relatively high non-compliance percentage (20.0%). The Mississippi
River was the only tributary with total zinc concentrations_well below

the objective (Table 3.7).
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The zinc analytical results in bottom and suspended sediment samples

are summarized in tables 3.8 and 3.9.

Zinc bottom sediment concentrations collected in the Ottawa River
exceeded the criteria of acceptability for open-water disposal of
dredged materials 38-49% of the time.

Zinc suspended sediment concentrations were high at Lemieux Island.
One hundred percent of the observed values exceeded the objective for
open-water disposal. This high non-compliance paralleled the
exceedance of the iron and manganese sediment concentrations collected
at this location. In the presence of suspended solids, much of the
zinc is sorbed onto suspended and colloidal particles (56, 57).
Coprecipitation and sorption of dissolved zinc by hydrous iron and
manganese oxides can occur where high concentrations of reduced iron
aid manganese are introduced into aerobic surface waters (58). This
in fact seems Lo be occurring al the Lemieux Island station, located

in the OLtawa-Hull area.

The results of zinc analysis in fish tissue are shown in table 3.10.

wWhole fish zinc concentrations only exceeded the recommended objective

in the piscivore species.
Lead

Lead is biocaccumulated by aquatic organisms including bacteria,
plants, invertebrates and fish. Decreasing pH increases the
availability of divalent lead, the principal form believed to be
accumulated by aquatic animals (59). Microcosm studies indicate that

lead is not biomagnified (60).

Lead is toxic to aquatic organisms. The reconmended guideline for the

. . . Ce -1
protection of agualic lilfe Is b pg.L .
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Spatial Variation

Extractable and total lead annual medians and concentration ranges are
given in tables 3.26 and 3.27, respectively. The Lake Timiskaming to
Portage du Fort reach and Carillon Dam sampling station show higher
median values for the 1979-1983 period than the other locations, where
extractable lead was measured. This is not reflected, however, in the
total lead results. The large discrepancy between the two sets of
results, from two differenL agencies, is not easy to explain.
Different Field and laboratory methods are most likely lthe main
factors contributing to this situation. Without qualily control data
it is impossible lo say whether or nol any other factors were involved

or to establish any relationship between the two sets of results.

The reach of the Ottawa River located downstream from the Ottawa-Hull
region, including Masson and Carillon Dam, shows some high
concentrations of extractable lead. The greatest exceedance of the
objective recommended for the protection of aquatic life (5 ug.L—l)
occurred at Carillon Dam (77.8%) (Figure 3.17). These high values are
probably caused by point and non-point lead inputs from the urban

centres predominating this reach of the river.

The highly variable total lead levels at Chenaux Dam paralleled those
of iron, copper, nickel and zinc. Forty-six percent of the total lead
values determined at Chenaux Dam from 1981 Lo 1984 excecded the water
quality objective recommended for iLhe protection of aguatic life
(Figure 3.17). Possible explanalions for this exceedance are given in

seclion 3.1.1.



Temporal Variation

Changes in analytical methods through the study period make it
difficult to determine Lemporal trends for lead. The results from
samples collected al Carillon Dam are the only ones showing some
increase during the same period. The 1984 maximuin resulls, however,
show substantial increases at all stations, with the exception of
Carillon Dam where the results decreased from the previously high
levels. There is no immediate explaination. The frequency of
sampling at the monitoring stations does not provide the information
for an adequate assessment of the variability of lead in the Ottawa

River.

The number of total lead determinations were sparse for most of the
mainstem stations. Total lead median value at the Chenaux Dam
sampling station decreased from 1981 (20 ug.L—l) to 1983

(<3 ug.L—l). The remaining mainstem stations did not show any
significant change. The data, however, are inadequate for a proper

evaluation of the temporal variation.
Seasonal Variation

Seasonal concentration ranges and medians are summarized in
table 3.28. Seasonal percent exceedance of the objeclive for the
protection of aquatic life are presented in figure 3.18 for

extractable lead and figure 3.19 for total lead.

The dilution during the spring period reduced the extractable lead
concentrations at all of the Quebec mainstem stations. This may
explain, in part, the 300% rise in the extractable lead mean value
from spring to fall at Carillon Dam. The extractable lead median
values for all seasons recorded at Carillon Dam exceeded the

. , . -1
recommended water quality objective for total lead (5 ug.L 7).
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The objective was also exceeded at other stations in different seasons
(Figure 3.18). The total lead median values exceeded the objective
only at Chenaux Dam during the summer and fall. The seasonal
concentration ranges of total lead were higher at the Chenaux Dam site
than the lead levels determined downstream from the Ottawa-Hull area,
in the centre channel of the river, in the vicinity of Hawkesbury,

Ontario (Figure 3.19).

Tributary median values and concentration ranges for extractahle and

total lead are given in tables 3.29 and 3.30.

Extractable lead values were different among the tributaries. Higher
concentrations were found in the Gatineau and Rouge Rivers than in the
other tributaries. This was attributed to the urban runoff. The
highest non-compliance of the objective recommended for aguatic life
occurred in the Gatineau River (66.7%). The Rouge River

non-compliance level was also high (59.3%) (Table 3.7).

There were no differences in the total lead medians amongst the
Ontario tributaries, with the exception of the Bonnechere River which
had a higher value. The percent exceedance of the recommended
objective, however, was low in this river (5.3%) and relatively high
in the Petawawa (15.8%), Rideau (18.6%) and Soulh Nation Rivers
(36.7%).

Sediment

The bottom and suspended sediment analysis results are summarized in

tables 3.8 and 3.9.
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Only 17% of the bottom sediment samples of the Ottawa River exceeded
the criteria of acceptability for open-water disposal of dredged
materials. These exceedances occurred in the upper Ottawa River, near
Potawawa, Ontario. 7The MEQ measured exceedances (8%) were found

upsiream of Notre-Dame-du-Nord in the Quinze Lake area.

Eighty-three percent of the lead in suspended sediment samples from
the Lemieux Island site exceeded the criteria of acceptability for
open-water disposal of dredged materials. The source of this lead is

considered to be the urban runoff.

The fish tissue analysis results are shown in table 3.10. Lead
concentrations in whole fish samples exceeded the recommended

objective in the piscivore species, but not in the benthivore species.

Other Metals

Water

Waler samples were also analyzed for arsenic, cadmium, mercury and
chromium.  1he results were almost always below detection limils and
below quidelines, bul high concentralions were found in fish tissue

and sediments (see below).
Sediment

Arsenic, cadmium, chromium and mercury concentrations in bottom
sediment samples are summarized in table 3.8. Sediment concentrations
of arsenic exceeded the criteria of acceptability for open-water
disposal of dredged materials 66% of the time. The highest
concentrations occurred in Lake Timiskaming sediments. Arsenic has
previously been reported (4) in water in Farr Creek, which discharges
into Lake Timiskaming on the Ontario side. This loading may be
affecting the high concentrations found in the bottom sediments of the

immediate area.
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MEQ bottom sediment analysis showed 69% of the chromium and 15% of the
mercury values above the criteria recommended for open-water disposal
of dredged material. In the Environment Canada special studies there
were no exceedances of the objective for these 2 metals. The chromium
non-compliance values were widespread and the high mercury
concentrations were isolated in the Templeton and Thurso areas. High
concentrations of many other contaminants were also found in this area.

Cadmium bottom sediment concentrations were also found to exceed the
objective for open-water disposal of dredged materials by both
Environment Canada (EC) and Environment Quebec. The hajority of the
exceedances found by EC were observed in the upper Ottawa River and in
the Oltawa-Hull area. The MEQ non-compliance values occurred al Chats

'alls and Carillon Dams.

Fish
Arsenic, cadmium, chromium and mercury concentrations were determined
in whole fish collected from various locations in the Ottawa River by

MEQ. Both benthivorous and piscivorous tissues were analyzed.

There were no exceedances of the recommended arsenic objective for the
protection of human consumers of fish, but 46% of the cadmium
concentrations in benthivore species exceeded the criteria

(Table 3.10). Twenty-nine percent of the piscivores, most of them
caught in the Templeton and Thurso areas, also exceeded the cadmium
objective. Both the chromium and mercury concentrations in piscivores
exceeded the respective objectives recommended for the protection of
human consumers of fish (Table 3.10).

The mercury exceedances occurred at stations downstream of Ottawa-Hull
(Gatineau/Templelon, Thurso and Carillon). There were no exceedances
Tfound al the Ottawa stalion, upsiliream of the Chaudiere Falls. This
suggests that mercury remains an environmenlal concern in the Oltawa
River, especially in the downstream seclion from Ottawa to Carillon.
However, fish collected from an upstream section between, Rolphton and
Petawawa, in 1983, also showed exceecdances of the guideline. MEQ data
on whole fish samples show a decrease in the exceedance of the
guideline from 1978 to 1980.

8
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Conclusions

Within the Ottawa River basin, the most troublesome location because
of metal concentrations is in the reach upstrcam from Chenaux Dam and
immediately below. Most heavy metal concentrations, both extractable
and total forms, were highost at Lhis point in the river, bhoth in the
leadpord ard immediately downstream from the dam. These high levels
are probably a resull of the accumulation of Lhese metals, originating
{from the Canadian Sheild drainage, in the sediments upstiream from
Chenaux Dam. Their mobilizalion and leaching to and from the
sediments may be induced by low dissolved oxygen levels brought on by
winter ice cover, nutrient and BOD loading from two pulp and paper
mills, located upstream from this site, and the soft water nature of
the river at this site. Sediment resuspension as a result of
operational changes of the dams discharge characteristics may release
metals into the water column in the form of suspended solids. In some
cases, turbidity values were high when metal concentrations were high.

The high concentrations recorded at the Chenaux Dam headpond and
discharge were reduced by up to 90% 40 km downstream, at the Chats
Falls dam discharge. This is the other area that requires further
investigation. Although the water concentrations are low, due in part
to Lthe dilution from the tributaries, there may be high sediment
levels of zinc, copper, iron, nickel and lead in this reach of the

OLtLawa River.

Another area of concern is the urban runoff from Oltawa-Hull, which
probably contributed to the high lead values observed occassionally
downstream from these municipalities. Metal (Cd, Cr, Cu, Pb, ZIn and
Hg) levels in fish tissue exceeded the recommended levels for human

consumption in the Ottawa River downstream from Ottawa-Hull.



iable 3.1;

Annual Extractable
Mainstem Stations,

wa River Basin,

Concentration Ranges and Medians at Five
1979 to 1984,

[0

-

Station
'l 1 2 4 7 10
Notre Dame Lake Portage Carillon
‘ear du Nord Timiskaming du Fort Masson Dam
d%
1979 5.95 10% 5.00 10 3.00 4,00 11
! {(2.0-20.0) (2.0-9.0) (1.0-25, 2) (1.0-47. 0) (1.0-9.5)
980 4.00 9.50 4.50 6.00 5.00
_ (1.0-24.0012  (3.0-30.0)16  (1.0-25.5)1%  (1.0-12.0!!  (1.0-13.0)1°
l981 4,50 16 5.00 10.00 17 2.50 12 4.00
(3.0-36.0) (1.0-12. O) (1.0-19.0) (1.0-7.0) (1.0-10. 0)
'982 8.50 5.50 16 13.00 16 6.00 15 4.25
(2.5-38. O) (2.5-25.0) (2.5-59.0) (2.5-25.0) (2.5-30. O)
I983 8 00 13 7.00 11.50 16 2.50 17 5.00 17
(2.5-13. 0) (2.5-25. O) (2.5-37.0) (2.5-11.0) (2.5-18.0)
'984 6.00 6.00 17 8.00 7 3.80 16 2.50 17
(2.5-12. O) (2.5-9. 0) (2.5-273.0} (2.5-10.0) (2.5-16.0)"" -
979~ 5.40 83 6.00 8.90 93 4.00 80 4.00
984 (1.0-38.0) (1.0-30. 0) (1.0-273.0) (1.0-25.0) (1.0-30. 0)
range

Gl SR 6N U SN N R .E.
S

number of results
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Annual Total Copper Concentration Ranges and Medians at Five Mainstem {[{

Table 3.2:
Stations, Ottawa River Basin, 1981-1984 =
éfé (35vL41x/u»Lo Dolke
Station
3 5 6 8 9
Otto Holden Chenaux Chals Hawkeshury Nawkesbury
Year: Dam Dam Falls Perley Bridge Channel 16&2
7 — e e _
1981 5 6 3 8 8
»*

(1-210) 1° (4-18) 10 (<1-62)10 (3-17)° (4-8)°
1982 4 79 2 21 47

(2-710 (2-240)12  (c1-9)1! (9-57)8 (10-57)7
1983 3 76 12 6 14

(2-6)° (5-150) 12 (1-29)10 (<1-69) © (6-280)°
1984 2 62 2 3 3

(1-10)10 (2-86)° (1-3)° (2-4)7 (2-4)7
1981-1984 3 60 3 9 8

(1-10)3? (2-240)3° (<1-62)36 (2-69)26 (2-280)2%
( ) = range .
* = number of results



Table 3.3: Average and Range of Trace Mctals Concentration in Bottom Sediments of the Ottawa River At Petawawa, Ontario, 1982.

As Cd Cr Cu Pb Hg Ni n
ng. .6-—
45.2 1.9 9.4 36.4 59.0 0.17 14.0 156
(21.6 - 96.4) (0.9 - 2.3) (5.0 - 13.0) (16.0 - 47.0) (26.0 - 78) (0.10 - 0.19) (7.0 - 20.0) (79 - 300)

Note: »<mwm.om and range calculated from 5 transect values

O

;
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Table 3.4; Seasonal Copper Concentration Ranges and Medians at 10 Mainstem Stations, ”
Ottawa River Basin. {
Season
Metal Station Winter Spring Summer: Fall
Form Number ((ug.L~1) O
Period T
and )
Agency ya
// .......
y s
Extractable 1 8.0 . 7.0 8.0 6.5
1979 - (3-36)15% (5-11)8 (2-20)14 (3-38)15
1983
MEQ 2 8.0 7.0 9.0 6.4
(3-30)15 (4-22)11 (5-22)16 (4-20)18
4 11.0 10.0 7.0 8.4
(2-37)19 (5-36)13 (4-29)19 (2-42)16
7 6.5 5.0 7.0 7.0
(2-25)13 (3-8)8 (2-47)11 (2-17)15
10 8.0 6.0 5.0 4.6
(2-18)17 (2-9)° (3-10)13 (2-30)18
Total 3 4.0 4.0 3.0 3.0
1981 - (2-6)5 (1-180)8 (2-130)13 (1-120)13
1984
OMOE 5 65.0 76.0 8.0 8.0
(5-240)9 (10-94)6 (2-150)9 (2-20)14
6 3.0 2.5 2.0 2.0
(1-62)13 (<1-8)4 (<1-29)11 (1-22)9
8 5.0 10.5 6.0
(57)1 (<1-69)7 (<1-30)9 (2-50)9
9 7.0 8.0 6.0
(47)1 (<1-280)7 (3-57)8 (2-57)9
( ) = range
* = number of results

d

)
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able 3.5:

Annual Extractable Copper Concentration Ranges and Medians for Six Quebec”

Tributaries, Ottawa River Basin, 1979-1983.

|
1
i
|

Station
11 14 19 20 21 23
Petite
ear Kipawa Coulonge Gatineau Lievre Nation Rouge
(ug.L-1)
.979 4.5 2 Q2 2 <2 <2
(<2-8)8*% (<2-7.4)7 (<2-10)11 (<2-4.7)7 (<2-11)10  (<2-5)9
980 7 ‘ 3 4 9.5 4.8 5
(<2-45)17 (<2-33)15 (<2-24)16 (<2-124)9 (<2-14)12 (<2-15)14
981 4 3.5 2.5 2 3 4
(<2-12)13 (<2-9)18 (<2-10)16  (<2-8)13 (<2-23)16  (<2-7)17
982 8 7.5 8 7.5 5.5 12
(5-12)9 (5-62)12 (7-41)12 (5-14)6 (5-9)6 (8-32)4
983 12 12.5 7 ’ 6 12 8
(5--49)4 (5-38)10 (5-10)5 (5-14)4 (5-16)5 (5-22)6
979-1983 6 ] 6 5 5 4 4.5
(¢2-49)°1 (¢2-62)62 (<2-41)60 (<2-124)39  (2-23)49 (<2--32)70
) = range

= number of results

[y



Table 3.6: Annual Total Copper Concentration Ranges and Medians for Seven Ontario '{é;
Tributaries, Ottawa River Basin, 1981-1984.

Station
12 13 15 16 17 18 22
Missi- South
Year Mattawa Petawawa Bonnechere Madawaska  ssippi Rideau Nation
(ug.L-1)

1981 4 5 6 1 2 4 10

<1-1100%  (1-60)10  (2-2)11 -9l (- «-)1° (5-510)1°
1982 3 3 89 2 L3 4 68

(2-15)° <1-18)°  (4-130012  (a-1n? (2-81)'?  (1-200'!  (16-480)1°
1983 3 1 67 1 6 7 27

(1-130)Y  «1-n?  -18012 (-l a-ant? «a-16)!t -a0!?
1984 2 7 69 1 2 3 9

(<1-3)° (<2-3)10  (3-89)° (<1-3)7 (2-3)8 (1-5)11  (6-420)°
1981~ 2 5 50 2 2 A 24
1984 (<1-130)30  (<1-60)38 (2-180)*°  (<c1-21)*°  (<1-81)3%  (<1-200*? (3-510)%°

number of results
range



.._Table 3.7: -‘Percent Exceedance of the Water Quality Objective Recommended for the iﬁﬁ@
Protection of Aquatic Life.

Metal and Objective

tation No. and Copper Nickel Iron Zinc ' lLead
ributaries 5 ug,.L"1 25 ug.L‘1 300 uc_:j.L‘1 30 ug.L"1 5 ug.L’1
'uebec (1979 - 1983) ' % Exceedance
11 Kipawa River 64.7 4.5 0.0 16.2 5.3
4 Coulonge River 56.5 4.7 39.1 16.4 25.9
9 Gatineau River 53.3 4.4 28.6 11.8 66.7
0 Lievre River 48.7 3.3 27.3 12.0 20.0
21 Petite Nation River 44.9 2.6 58.5 15.5 37.5
3 Rouge River 50.0 5.1 43.3 6.8 59.3
‘ntario (1979 - 1984)
2 Mattawa River 30.6 0.0 NA 5.7 2.9
3 Petawawa River 39.5 0.0 10.0 5.3 15.8
5 Bonnechere River 82.5 14.3 42.1 20.0 5.3
6 Madawaska River 25.0 0.0 5.6 4.9 2.4
7 Mississippi River 28.9 0.0 13.5 0.0 2.6
8 Rideau River 39.5 0.0 30.8 4.7 18.6
2 Soulh Nation River 95.0 0.0 97 .4 28.2 36.7

= _Ju oy B

>

= not applicable



Table 3.8: Metal Concentrations in the Bottom Sediment of the Ottawa River [ (ﬂ
¥ Concentration Sample
Metal Agency Range Size Cuideline* Exceedance
(mg.kg~1) (No.) (mg.kg™1) (%)

Arsenic EC 1.7 - 96.4 35 3.0 91

MEQ <1.0 - 7.3 6 3.0 50
Cadmium EC 0.1 - 2.7 35 1.0 66

MEQ <0.1 - 10.7 13 1.0 15
Chromium EC 0.7 - 13.0 35 25. 0

MEQ 10.0 - 62.0 13 25, 69
Copper EC 0.9 - 47.0 35 25. 43

MEQ 7.0 - 130.0 13 25. 38
Lead EC 1.6 - 78.0 35 50. 17

MEQ 5.0 - 86.0 13 50. 8
Mercury £EC <0.1 - 0.19 35 0.3 0

MEQ 0.015 - 0.745 13 0.3
Nickel EC 1.1 - 20.0 35 25 0

MEQ 9.0 - 39.0 13 25. 54
Zinc EC 12.0 - 300.0 35 100. 49

MEQ 41.0 - 640.0 13 100. 38

¥ OMOE guideline for open-water disposal of dredged materials
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\lTable 3.9:

_Metal,Coh;entratiqné in the Susperded Sediments of the‘OttaQa

Fiver~ ‘[55 .

Exceedance

Staxtce—

‘/ . | Concehtr‘atio‘ﬁ | ‘No. 0; JCuidéline*

ariable Agency Range ‘ Samples (mg.kg~1) (%)
I (ing . kg~1) - o
Aluminum EC 1;400 - 18200 18 NA ' ‘Nh

admium e 0.9 -3.8 18 | 1.0 94

opper EC 25 - 79 18 25 94
(roh E EC 22600 - 30600 18 10000 100
lead EC 41 - 97 18 50 83
Manganese EC i11o_- 3360 18 500 100
lercur‘y EC 0.08 - 0.14 18 0.3 0

ickel EC 23 - 30 18 25 56
‘inc. EC 161 - 256 18 - 100 100

i

* OMOE guidel

ine ftor open—ﬁater disposal of dredged materials '
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Table 3.10: - Metal Concentrations in the Fish of the Ottawa River
Trophic Agency* Concentration Number of  Guideline¥¥ Percent
Variable Type and Range Results Exceedance
Year (mg.kg~1) %
Arsenic Benthivorel MEQ 78&80 <.005 - 0.08 11 3.5 0
Piscivore? MEQ 78&80 <.005 - 0.121 14 3.5 0
Cadmium Benthivore MEQ 78&80 <.005 - 0.380 13 0.03 46
Piscivore MEQ 78&80 <.005 - 0.550 14 0.03 29
Chromium  Benthivore MEQ 78 <.5 - 1.3 6 1.5 0
Piscivore MEQ 78 <.5 - 2.4 6 1.5 17
Copper Benthivore MLQ 78 0.69 - 1.19 7 1.25 0
Piscivore MEQ 78 0.28 - 1.27 6 1.25 17
Lead Benthivore MEQ 78880 <.04 - 0.34 13 0.35 ¢
Piscivore MEQ 78&80 <.04 - 1.27 14 0.35 7
Mercury Benthivore MEQ 78 0.12 - 0.37 7 0.5 0
MEQ 80 0.12 - 0.42 8 0.5 0
Piscivore MEQ 78 0.30 - 0.68 6 0.5 66
MEQ 80 0.33 - 0.85 8 0.5 12.5
Benthivore OMOE 71&83 0.06 - 0.75 77 0.5 NA
Piscivore OMOE 71&83 0.05 - 2.50 482 ‘0.5 NA
Nickel Benthivore MEQ 78 <.3 7 0.9 0
Piscivore MEQ 78 <.3 - 0.6 6 0.9 0
Zinc Benthivore MEQ 78480 11.8 - 24.4 13 25 0
Piscivore MEQ 78480 14.2 - 71.3 14 40 14
Notes: 1) Benthivore - white sucker, carp
2) Piscivore - walleye, yellow perch, pike
¥  MEQ samples based on 1-8 composited whole fish
MOE samples based on edible portion (fillet) of single specimens
¥% MEQ guideline hased on the whole fish



Table 3.11: Annual Extractable Nickel Concentration Ranges and Medians at Five [ DO
Mainstem Stations, Ottawa River Basin, 1979-1984 ;

Station
1 2 4 7 10
Notre Dame Lake Portage Carillon
ear du Nord Timiskaming du Fort Masson Dam
. . e ”ﬁ?.uﬂ e }

979 10 10 0 10 10

(10-20)10% (10-15)10 (10-40)11 (10-15)° (10-22.5)!1
980 10 10 10 10 10 ]

(10-10)12 (10-10)18 (10-10)1® (10-28)11 (10-28)1°
981 10 10 10 10 10

(10-10) 6 (10-30) %7 (10-20)16 (10-10) 12 (10-10) %7
982 0 0 0 10 0

(5-10) (5-10) (5-10) (5-10) (5-10)
983 5 5 5 5 5

(5-5)" (5-5)2 (5-5)2 (5-5)2 (5-5)2

5 5 5 5 5

3

(5)* (5)° (5! (5)° (5)
979- 10.00 10.00 10 10 10
984 (5-10)26 (5-30)°3 (5-40)72 (5-28)40 (5-28)°1

) = range

= number of results
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Annual Total Nickel Concentration Ranges and Medians at Five Mainstem

| A

Table 3.12:
Stations, Ottawa River Basin, 1981-1984 (ﬁgvt=19-
Station
3 5 6 8 9
Otto Holden Chenaux Chats Hawkeshury Hawkesbury
Year Dam Dam Falls Perley Bridge Channel 1&2
o Rl
1981 NS 8.0 9 2.0 10 2.0 5 2.0
(<€2.0-1700.0) (<1.0-2.0) (<2.0-4.0) (1.0-2.0)
1982 1.0 9% 4.0 9 1.0 11 NS NS
(£1.0-<€2.0) (<1.0-2700.0) (<1.0-2.0)
1983 2.0 9 <2.0 9 <2.0 9 NS NS
(<2.0-10.0) (£1.0-210.0) (€2.0-5.0)
1984 <2.0 10 2.0 5 <1.0 5 2.0 7 1.0 7
(1.0-3.0) (<1.0-2.0) (<1.0-1.0) (1.0-3.0) (<1.0-2.0)
1981- 2.0 2.0 ) 2.0 2.0 2.0
1984 (<1.0-10.0)2%  (<1.0-2700.0)3%  (<1.0-5.0)%°  (<2.0-3.0)%? (<1.0-2.0)'3
( ) = range
* = number of results
NS = not sampled



Table 3.13:

Stations,

-Seasonal Nickel Concentration Ranges and Medians for 10 Mainstem
Ottawa River Basin

[ 22

Metal

lEorm
eriod

and

I\gency

xtractable

' i979 -
983

MEQ

‘otal

Season
Station Winter Spring
e — ) =
1 %
(<20)12% (<20)5
2
(<20)12 (<20)9
4
(<20)12 (<20)7
7
(<20)9 (<20)°
10
(20-30)13 (<20)7
3 <2 <2
(<2)3 (<2-1)6
5 <1 6
(<1-2700)10 (2-2700)6
6 1 <2
(<1-2)11 (<1-2)3
8 NS 2
(<2-3)3
9 NS 2
(1-2)4

Summer

(<20)10
(<20)12
(<20)13
(<20)7
(<20)10
<2

(<2-3)10

8
(8-210)2

<2
(<1-<)H11

2
(<2-2)%

2
(<1-2)5

Fall

(<20)12
(€20)13
(<20-40)13
(<10-28)12
(<20-28)16

1
(<2-10)9
2
(1-120)11

<1
(<-5)10

1 .
(1-2)4%

2
(<1-2)4

981 -
984
MOE

(

*

= not sampled

) = range

= number of results



-

x
il

number of results

Table 3.14: Annual Extractable Nickel Concentration Ranges and Medians for Six Quebec
Tributaries, Ottawa River Basin, 1979-1983 ;
Station
11 14 19 20 21 23
Petite
Year Kipawa Coulonge Gatineau Lievre Nation Rouge
1 e
1979 <20 <20 <20 <20 <20 <20
(<20-<30)10%(<20-30)7 (<20-30) (€20-20)3 (<20)9 (€20-27)7
1980 <20 <20 <20 <20 <20 <20
(<20-32)17 (<20-20)15  (<20-28)16  (<20-28)8 (<20-32)11  (<20-20)14
1981 <20 <20 <20 <20 <20 <20
(<20-25)13 (<20-20)18  (<20-20)16  (<20)14 (<20)16 (<20-56)16
1982 NA <10, <20 <10 <10 <20
(<10-¢20)3 (<10-¢20)3 <10
1983 <20 <10 <10 <10 NS <10
(<10-<20)4
1979-1983 <20 <20 <20 _ <20 <20 <20 .
(<10-32)44% (<20-30)43  (<10-30)4%  (<20-28)30  (<10-32)39  (<10-56)39
NS = not sampled
NA = not applicable
( ) = range

L2



able 3. 15

Annual Total Nickel Concentrat1on Ranges and Medlans for %even 0ntar1o

(<1-3)

l _ Tr1butar1es Ottawa River Basin,: 1981~ 1984 =
.:.  - Station A '7_1 _ |
l 12 13 15 - 16 17 18 22
o . . : o S ‘ Missi- e South
Year - Mattawa - Petawawa  Bonnechere Madawaska ssippi ©~ ~ Rideau Nation
S FET
st NS NS NS 3 .. NS © 2 NS
| C(<1-¢3)1 (<2-2)10
982 <1 NS <1, 1400 NS NS NS . NS
(<1-1)8% - o '
1983 <2 NS NS - NS NS . NS NS
(<2-3)9 :
984 <2 a <1 3| <1 <2 Q'
(<1-2)9 (<1- <2)4 (<1-3)5 (<1- 2)7 (<1-a)8 (<1-8)8.  (<1-8)9
< et o« <2 1. 2 2
26 (-t (<1-1400)7 (<1-2)’ @-af s’ (<1-8)°

w
~

L — 2 P — -

ol a8 eou =m

- em gn Gm WS o

not sampled

range

number of results

/9%



Table 3.16: Extractable Iron Annual Medians and Concentration Ranges for Five Mainstem
Stations, Ottawa River Basin, 1979-1984 :
Station
1 2 4 7 10
Notre Dame l.ake Portage Carillon
Year du Nord Timiskaming du Fort Masson Dam
Fy
1979 420 1 2% 285 280 1 280 9 300 17
(320-730) (190-390) (120-630) (150--810) (210-800)
1980 450 12 200 315 16 380 11 280 15
(160-740) (70-390) (140-460) (110-230) (160-1680)
1981 265 160 220 145 200
(100-700) 16 (80-720)Y7  (50-400)%7 (70-710) 12 (90-840) 17
1982 245 155 205 190 260
(90-640)16 (70-260)16  (130-340)1° (150-710) 1> (130-920) 16
1983 380 13 220 225 16 200 17 250 17
(250-660) (120-620) (120-320) (110-330) (150-630)
1984 380 16 230 210 17 220 16 210 17
(230-680) (160-350) (140-560) (150-380) (140-640)
1979~ 360 r 200 230 210 260
1984 (90—-740)83 (70—720)99 (50-—-630)99 (70—810)80 (90—-1680)99
( ) = range
¥ = number of results

12 f}"




able 3.17:

Total- Iron Annual Medians and - Concentratlon Ranges For Five Ma1nstem

26

S =

not sampled

i' Stations, Ottawa River Basin 41981 to 1984
. | Station‘ .
I' ' 3 5 6 8 ‘ ‘ 9
_ - Otto Holden Chenaux Chats. Hawkesbury - Hawkesbury
Year * Dam "~ Dam ‘Falls : Rerley_Bridge © . Channel 1&2
l | - . | .
1981 210% 350 7 300 8 450 . 750 3
. } ‘ (200--1900_) (.150—350)_ . (400~ 1400) (700-1150)
1982 285 o 200 g 215 | 1 NS NS
(150-350) (150-620)° (125-260)"“ '
l983 303 4 165 1 218 o NS NS
(190-378) (110-3900) " - (165-365)"" ' e
.984 313 - o 243 o 205 6 383 '7 410 .
(215-870) (130-1900) (160-250) (265-985) (315-1200)
l981—-1984 300 28 205 36 215 36 ,393 . 10 ‘52’
. (150- 870) (110-3900) (125—365) : (265-1400) (315- 11..)0)
% = number of results



~

Seasonal Iron Concentration Ranges and Medians for 10 Mainstem Stations, /;~

( ) = range

number of results

P
Table 3.18: ) 2 '
Ottawa River Basin (ugvt=lﬁ7- \q78-148y.
Season
Metal '
Form
Period
and
Agency Station Winter Spring Sumner Fall .
Py
Extractable 1 380 360 330 400 '
1979 - (90-530)21* (110-700)12 (100-500)16 (180-740)17
1983
MEQ 2 250 260 185 165
(80-720)23 (90-390)18 (70-290)20 (120-390)18 ||
4 260 240 190 290
(150-500)24 (50-630)19 (100-290)20 (150-400)17 '
7 195 250 195 230
(90-810)16 (70-2300) 13 (100-310) 16 (90-530)17 l
10 245 305 235 270
(130-380)24 (90-168)18 (140-330)16 (150-580)21 ll
Total 3 330 300 ] 288 270
1981 - (310-870)3 (244-350)° (150-378)10 (185-335)10 I'
1984
OMOE 5 155 585 210 237
(£50-605)12 (400-3900)0 (165-410)9 (150-1900)10 l
6 247 212 177 185
(195-400)12 (175-300)4 (130-365)10 (125-350)10 l
8 NS 684 360 340
(383--985)2 (265-1400)4 (280-455)4
9 NS 868 463 540 l
(536-1200)2 (325-1100)4 (315-750)4
NS = not sampled '




'lable’ 3.19:

Annual . Extractable Iron Concentrat1on Ranges and’ Modlans For Six Quebec

2%

N

Tr1butar1es Ottawa River Basin, 1979- 1983 4ug—t=13P
, . Station = -
1 - 14 19 20 o 23
o K ’ : : . Petite '
ear Kipawa Coulonge '-Gatineau Lievre Nation Rouge
. e N _ o
979 . - 40 ox 295 o 280 L5 300 g 480 14380
(30-100)°% - (180-420)10 (150-900)17  (180-430)°  (120-2260)™* (50-960)*
980 50 9 1330 15 280 16 210 g 585 3105 14
(30-80)° (100-410)'°  (100-790)'°  (<30-1600)" (200-65 500) 12 (50-1330)
981 40 200 240 180 205 170
(30-120)% - (<30-360)'8  (<30-560)!6 (50-720)'*  (110-2880)1® (30-640)17
982 30 14 29 14 200 200 [, 300 3 335 o
(<20- 130) (190-1290) % (140-560)7  (160-260)'!  (20-1040)'°  (200-950)
983 30 260 220 210 385 270
(<20-60)12  (40-790)1% = (160-240)! <1sofaeo)13 (190-2100) 10 (190-740)*!
981- 40 270 240 210 400 280 -
983 (<20-130)*°  (<30-1290)%7 (<30-900)!!  (<30- 1600)55 % (30-1330)

(20—6500)

R T S o -G S I SN B0 G i s

L

range
number of results



Table 3.20: Annual Total Iron Concentration Ranges and Medians for Six Ontario %515%
Tributaries, Ottawa River Basin, 1979-1984 - :
Station
13 15 16 17 18 19
South
Year Petawawa Bonnechere  Madawaska Mississippl Rideau Nation
FE
1981 300 3 300 9 150 5 250 6 350 7 1260 7
(150-300) (<50-500) (130-350) (100-500) (250-450) (820-4400)
1982 198 255 185 175 200 1050
(105-290)10  (150-610)'1  (100-780)12 (170-480)'% (50-710)!C  (540-3525)'°
1983 135 7 178 12 145 11 200 11 255 11 2050 11
(78-225) (115-3775) (100-260) (120-735) (90-5100) (550-5350)
1984 185 10 200 6 215 8 180 8 185 11 1680 10
(145-770) (105-2000) (150-215) (160-285) (120-1125) (145--4850)
1981- 187 240 175 200 250 1600
1984 (78-770)%%  (<50-3775)38 (100-780)38  (100-735)37  (50-5100)3% (145-5350)°°
« ) range

¥ = number of results
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Table 3.21: Annual Extractable Zinc and Concentration Ranges and Medians for Five /
' Mainstem Stations, Ottawa River Basin, 1979-1984 eug—l::L)-
Station
ll 1 2 4 7 10
Notre Dame Lake Portage Carillon
Year du Nord Timiskaming du Fort Masson Dam
. r9
1979 15.30 10% 6.70 7.0 6.00 9 9.40 11
' (2.0-29.0) (2.5-18. 3) (2.0-19. 0) (2.5-46.8) (2. 5)
1980 14.75 14.00 10.00 8.00 11.50
(8.0-33.0012  (2.0-124.006 (2.0-71.5)1%  (2.0-172.00}}  (2.0-31.0)"°
.981 10.00 15 5.00 17 10.00 16 7.50 12 5.00 16
(20.-40.0) (2.0-40.0) (2.0-50.0) (2.0-20.0) (2.0-20.0)
.982 20.00 16 10.00 16 10.00 16 10.00 15 10.00 16
(5.0-80.0) (5.0-16.0) (5.0-0620. O) (5.0-100.0) (5.0-30.0)
l983 5.00 10.00 10.00 5.00 10.00
5.0-50.0013  (5.0-330.007  (5.0-320.0)1%  (5.0-40.0)"" (5.0-40.0) %7
'984 5.00 16 5,00 5.00 5.00 16 5.00
(5.0-40.0) (5.0-30. O) (5.0-20. 0) (5.0-10.0) (5.0-20. O)
979- 10.00 10.00 10.00 8.00 10.00
984 (2.0-80.0)82  (2.0-330.0)%3 (2.0-620.0)%2  (2.0-172.0)’®  (2.0-40.0)”?
) = range

= number of results
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Table 3.22: Annual Total Zinc Concentration Ranges and Medians for Five Mainstem
Stations Ottawa River Basin, 1981 #eo 1984 .
Station
3 5 6 8 9
Otto ilolden Chenaux Chats Falls Hawkesbury- Hawkesbury
Year Dam Dam Dam Perley Bridge Channel 1&2
S O  — —_
1981 7.5 10.5 3.0 1= ~15.0 13.0
(4-17)10 (4-150)1° (1-8)1° (10-20)° (6-30)11
1982 6.5 8.0 5.0 17.0 7.9
(4-12)1° (5-590)12 (<1-110)12 (9-68)° (9-115)°
1983 4.0 7.0 4.0 4.5 5.0
(1-10)° (2-2800)12  (2-6)° (<1-24)* (<1-66)*
1984 6.0 8.0 4.0 6.0 5.0
(3-18)1° (5-13)° (1-24)° (4-19)7 (4-9)
1981- 6.0 9.0 4.0 10.5 6.0
1984 (1—18)39 (2—2800)39 ((1—110)36 ((1—68)24 ((1—-115)23
( ) = range
¥ = number of results



_Table 3.23:

Seasonal MEQ Extractable and OMOE Total Zinc Concentration Ranges and
Medians for 10 Mainstem Stations, Ottawa River Basir

1979- 1986‘(MEQ%—ﬂﬁd—4984—+984—{€*

1, for—the—Perdiad

l Seasoh
etal
Form
leriod
gency Station Winter Spring Summer Fall
lxtractable 1 15 10 20 18
979-1983 (¢4-22)16% (<5-30)13 (6-80)15 (<4-50)15
MEQ .
l 2 10 10 10 10 _
(<4-330)18 (<5-160)1° (4-80)20 (5-124)15
4 10 10 10 10 ]
l (<4-20)17 (<4-30)17 (<4-72)18 (<4-50)15
7 10 10 10 10
l (<4-172)15 (¢5-20)12 (<4-60)19 (4-100)14
10 10 10 ) 10 10
' (<a-31)17 (<5-30)1% (<4-40)16 (<4-30)18
otal 3 11 7 5 6
981-1984 (5-18)7 (1-13)8 (3-11)13 (3-17)13
MOE ‘
5 6 9 . 9 10
(3-590) 11 (4-150)7 (5-2800)9 . (4-570)12
6 5 3 3 2
(2-16)12 (<1-24)4 (1-110)11 (1-8)10
8 11 12 10
(1)1 (<1-68)7 (<1-19)7 (3-20)9
9 , 23 10 10
(20)! (<1-115)7 (9-17)° (<1-60)9
= range

G S GR BN Gn EE SN M on

= number of results
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Table 3.24: Annual Extractable Zinc Concentration Ranges and Medians for Six Quebec i
Tributaries, Ottawa River Basin, 1979-1983 = /J.
Station
11 14 19 20 21 23
Petite
Year Kipawa Coulonge Catineau Lievre Nation Rouge
/u?.l.d
1979 11.9 13.2 /7.1 6 6.9 8.5
K

(5-36.0)1%  (5o18)] (a-21. M (ca-12.57 @m0 (¢s-12.5)°
1980 9 12.5 10.3 16.5 10.3 8.0

(<1-280.00Y7  (ca-a5)'®  (a.5-38.5)'C (9-25000%  (<a-em)'?  (<a-20.5)"
1981 10 <20 <20 <10 6.0 <10

(¢5-20) 12 (a-<30}8 (420013 (20! (a0t (ca-130)16
1982 20 10 15 10 10 10

<10-40)18  (<10-300)1%  (<10-600)17 (<10-40)'t  (<10-30)1%  (<10-30)°
1983 10 10 10 10 10 20

(<10-30)12  (<10-130)12  (<10-610011  (<10-20)1%  (<10-40)10 (<10-30)13
1979- 12 10 10 10 9.0 <10
1984 (<10—28O)68 (<4—3OO)68 (<4~-610)68 (<4—2500)50 (4—64)58 (<4—130)59
( ) = range
* = number of results



able 3.25:

Tributaries, Ottawa River Basin, 1981-1984

Annual Total Zinc Concentration Ranges and Medians for

Seven Ontario b

/
5>

g

|
i
I
I

Station
12 13 15 16 17 18 22
Missi-~ South
ear Mattawa Petawawa Bonnechere Madawaska ssippi Rideau Nation
-l
14
981 8 3 7 2 1 5 9
l (4-26)8 (2-29)10  (4-3n11 <1-10001!  (c1-1)8  (2-63)10 (5-100)°
982 8 2 14 3 2 4 16
lI (1-84)° (<1-1900)° (4-2200)12  (<1-28)12  (<1-6)12  (<1-23)11 (2-570)1C
1983 7 2 4 2 3 5 25
(<1-6000)°  (<1-22)%  (4-5200)12 (1-5)11 -2 (a-3ntl (1-53)i!
1984 5 5 8 3 4 A 10
(2-22)° (2-17)10  (5-9)3 (1-36)7 (2-20)%  aan!t (2-120)°
981- 7.5 3 9 3 3 4 23
984 (<1-6000)3% (<1-1900)38(4-5200)%°  (<1-100)*?  (<1-24)38  (<1-63)*3 (<1-570)%°
) range

-----—!-_,_.-

it

number of results



Table 3.26: Aannual Extractable Lead Concentration Ranges and Medians for Five
Mainstem Stations, Ottawa River Basin, 1979-1983 =
Station
1 2 4 7 10
Notre Dame Lake Portage Carillon
Year du Nord Timiskaming du Fort Masson Dam
;L%.l_-‘
1979 7.5 10% 7.5 10 7.5 11 7.5 9 7.5
(7.5-15.0) (7.5-7.5) (7.5-7.5) (7.5-7.5) (7.5-30.0)
1980 7.5 g 75 6 75 7.5 7.5
(7.5-20.0) (7.5-20.0) (7.5-20.0)1¢ (7.5-110.0) 1 (7.5-20.0)
1981 2.5 2.5 17 2.5 2.5 12 7.5
(2.5-10. O) (2.5-20. O) (2.5-26. O) (2.5-24.0) (2.5-36. 0)
1982 2.0 3 7.0 11 2.0 11 2.0 11 8.0
(1.0-14.0) (1.0-21.0) (1.0-9.0) (1.0-42.0) (1.0-248. O)
1983 1.0 13 1.0 1.0 16 1.0 17 8.0
(1.0-6.0) (1.0-14. 0) (1.0-6.0) (1.0-6.0) (1.0-124. O)
1984 7.5 7.5 7.5 7.5 16 7.5
(1.0-58. O) (1.0-28. O) (1.0-17. O) (1.0-7. 5) (1.0-37. O)
1979~ 3.5 70 7.5 88 6.0 88 3.0 7.5
1984 (1.0-58.0) (1.0-28.0) (1.0-26.0) (1.0-110. O) (1.0-248. O)
( ) = range

» =

number of results

\\}J
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Stations, Ottawa River Basin, 1981-1984 += N

rd

Table 3.27: Annual Total Lead Concentration Ranges and Medjans for Five OMOE Mainstem [ﬁ q

Station
3 5 6 8 9
Otto tolden Chenaux Chats Hawkesbury Hawkesbury
ear Dam Dam Falls Perley Bridge Channel 1&2
_ /Aca P
1981 <3 20 3 50 10
2 3
Il (¢3-5)1° (¢3-72)1° (¢3)10 (<3-87)° (3-51)°
982 3 4 <3 3 7
(¢3-5)10 (<3-130) 12 (¢3-6)12 (¢3-8)8 (4-7)3
l983 <3 <3 3 <3 7
«3) (<3-190)12 (<3-4)10 (<3-3)6
l984 3 3 - a3 3 <3
(¢3)10 (<3-24)° (<3)° (<3-7)7 (<3)’
‘981— <3 4 <3 <3 3
984 (<3-5)4° (<3--19o>39 (<3—6)37 (<3--87)26 (<3-51)17

) = range
= number of results
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Seasonal Lead Concentration Ranges and Medians for 10 Mainstem Stations,

E

Table 3.28:
Ottawa River Basin
Season
Metal
Form
Period
and
Agency Station Winter Spring Summer Fall
a
Extractable 1 2.5 4:.8 <2 4
1979-1983 (€2-3)4% (€2-4)% (<2-11)6 (<2-20)8
MEQ
2 5.5 2 6.5 2.5
(£2-20)5 (<2-10)5 (2-21)10 (<2-20)8
4 2.0 <2 <2 5.5
(<2-16)° (<2-4)6 (¢2-9)6 (<2-26)8
7 6.0 <2 . ¢ 2
(<2-110)7 (<2-3)6 (<2-2)7 (<2-24)8
10 8.0 5 12 20
(<2-30)7 (<2-40)7 (<2-124)9 (<2-248)13
Total 3 <3 <3 <3 <3 ‘
1981-1984 (<3-5)° (¢3-5)8 (¢3-5)14 (¢3-5)8
OMOE
5 3 3 13 21
(¢3-66)11 (<3-72)7 (10-190)9 (¢3-50)12
6 3 <3 3 3
(¢3)12 (<3-6)4 (<311 (<3-4)10
8 NS 3 Q3 3
(¢3-67)6 (<3-87)7 (<3-8)7
9 NS 5 3 3
(<3-51)6 (<3-10)7 (<3-7)7

range

~
~
n # un

not sampled

number of results

%



‘able 3.29:

Annual Extractable Lead Concentration Ranges and Medians for Six Quebec
Tributaries, Ottawa River Basin, 1979-1983 :

R BN

Station
11 14 19 20 21 23
Petite
Yeair Kipawa Coulonge Catineau Lievre Nation Rouge
l Py
1979 NA NA 28 , NA 15 15
l (17-50)
1980 20 20 20 30 20 25
* b
(17-23)° (20)2 (15-24)7 (20,40)2 (20)3 (20-138)%
l981 16 5 12 14 ; 12 , 22
(8,24) (6-33) (12-18) (<2-140) (8-25)
'1982 2 2 3 2 2 3
(<2-1)11 (<2-6)12 <2-90)%  (<2-3)8 (<2-6)7 (¢2-76)8
I1983 3 <2 15 <2 <2 3
(<2-84)12 <2-21)12  (2-163)1 ()!? (<2-12)10  (c2-usyt!
979- 7 <2 17 <2 2 8
983 (¢2-84)30 (-2 (2-160)%2 (21002 («2-140)2*  (c2-130)%

lt ) = range

= nuinber of results

*
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Table 3.30: Annual Total Lead Concentration Ranges and Medians_ for Seven Ontario
Tributaries, Ottawa River Basin, 1981-1984 =
Station
12 13 15 16 17 18 22
Missi- South
Year Mattawa Petawawa Bonnechere Madawaska  ssippi Rideau Nation
A
F9 -

1981 <3 \ <3 20 <3 <3 <3 <3

(3-8 (3-960)10 (¢35t (! (2<% (a-1)10 (3-77)1°
1982 <3 <3 7 <3 <3 3 6

(¢3-5)° (3-20)?  (3-2200'2  (G3-1!2 (392 (3-10)1T (¢3-55)1°
1983 <3 a3 3 <3 <3 <3 3

(<3-4)° (<3)° (-a80)12 (G- (a-nl? (@ant! (G-t
1984 {3 3 4 3 {3 3 3 ]

-0 (- (-5 @) «3)° @-» «®?
1981~ <3 <3 7 {3 <3 <3 <3
1984 (3-5)3%  (3-960)38 (3-480)%°  (3-5)%1 (-3 (@ (¢3-77)39
« ) range

number of results

10
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igure 3.1: ‘Duncans Multiple Range Tests for Extractable Metals, 1979-1983.
(Mean values, in pg.L~1, included)
A Surveillance Stations
Notre Dame Timiskaming Portage+ Carillon
Saipling du Nord Dam du Fort " Masson Dam
itation 1 2 4 7 10
Jdron
Ia ug.L-1)* 352 221 251 303 283
.ead
5 ug.L-1) 8 10 9 11 23
Copper
5 ug.L-1) 9 9 13 7 7

. .-

Objective for the proteciion of aquatic life
Portage du Fort = immediately downstream from Chenaux

uncans Multiple Range test described in Section

Dam discharge



(50)

(51)

(52)

(53)

(54)

(56)

(57)

(58)

(59)

(60)
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Extractable Cooper Concentration (mg.L']*lo )

Figure 3.3 Extractable Cooper Concentrations at the
Portage du Fort Sampling Location (MEQ Data),

1979-1983 .
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Extractable Iron Concentration (mg.L-1)

1979-1983.
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Figure 3.10 Extractable Iron Concentration at the
Notre Dame du Nord Sampling Location,
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Doc. No. 1940h
Toxic Organic Substances

Introduction

Studies on the presence of toxic organic substances in biota, water
and sediment samples from the Ottawa River have been carried out for
the past seven years by the ministries of the environment for Quebec
(MEQ) (6) and Ontario (OMOE) (5) ard the federal departments of Health
and Welfare (8) and Environment (4, 7). Over the years new analytical
technigues and improved collection procedures have expanded the listl
of toxic organic compounds found in the Ottawa River. Polyaromatic
hydrocarbons (Palls), polychlorinated biphenyls (PCBs) and
organochlorine pesticides (e.g. DDT) predominate the list of organic
substances found in the biota, water and sediment of the Ottawa River
(Tables 4.1 - 4.4). Of the over seventy compounds analyzed in the
water, sediment or fish samples 29 were not detected and 49 were
detected in various concentrations. Two exceeded the Canadian
guidelines for consumption of fish (PCBs and DDT) and one,
1,2-dichloroethane, exceeded drinking water guidelines (Tables 4.1 and
4.2). Seven compounds exceeded the recommended OMOE guidelines for
aquatic life (Table 4.2).
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4.2

Fish | 13

Both OMOE and MEQ have:carried out fish tissue analysis for PCBs and
CDT. in the OlLtawa River. The results of these studies are summarized
in table 4.1. The MEQ results represent concentrations obtained from
whole fish samples while the OMOE data were based on samples of fish
fillet (edible portion). The concentration of contaminants in fish
tissues might not represent a contamination problem at the location of
capture because of the migratory habits of the sport fish, especially
those of northern pike, walleye and suckers. Fish migration may
extend several kilometers in either direction from the point of

collection.

The results show that PCBs and DDT concentrations in fish from the
Ottawa River exceeded in a few cases the Canadian guidelines both for
humén consumption of fish and the protection of fish-eating birds
(5,12). T7This contamination occurred primarily downstream from the
Ottawa-Hull area in the tributaries of the Liévre River, at Masson and
the Catineau River in the Hull area, as well as on the mainstem of the
Oltawa River at Templeton. Trace amounts of PCBs and DDT were found
in fish in the Thurso and Carillon Dam sections of the Otlawa River.
Alihough, Lissues from both Lhe benthivorous and piscivorous fish
species collected by cach agency conltained similar concentrations,
maximum PCBs levels measured in fish fillets collected by Ontario were

slightly higher (25%) than the whole fish PCBs levels, obtained by MEQ.

DDT was higher in the piscivorous fish species (walleye, northern
pike) than the benthivorous species (white sucker). This was true for

both the whole fish and fillet.



4.3

Water ’Q

Environment Canada and Health and Welfare Canada have been monitoring
Ottawa River water for the presence of organic contaminants. Studies
carried out by Environment Canada have been focused in the National
Capital Region, upstream of Ottawa, at Fitzroy Harbour (Chats Falls
Generating Station), and downstream of Ottawa, at the Quebec-Ontario
border (Carillon). Health and Welfare Canada has conducted studies at
water treatment facilities (Britannia and Lemieux Island) in the City
of Ottawa.

Table 4.2 shows Lhe wide variety of substances that have bheen
analysed: five classes of organic compounds, including organochlorine
pesticides, PCBs, mono and polycyclic aromatic compounds, phthalate
esters and halcgerated aliphatics. Organochlorine pesticides and PCBs
have been the most frequently analyzed e4assas_o£_gompound§7&ith 85
samples collected. 1In this group there was a high frequency of
detection for a number of compounds, but no compound exceeded the
recommended guidelines for drinking water. Only PCBs could be
considered to be a problem, with a 29% exceedence rate of the
guideline for the protection of aquatic life. Dieldrin has the next
highest frequency of exceedence, 6%, of the guideline for the
protection of aquatic life. Over half of the samples analysed for
organochlorine compounds and PCBs were unfiltered. It is not known
what portion of the contaminants was absorbed onto the particulate
phase of the sample nor what portion was available for biological

uptake.

Ihe_monocchicmaromaticfﬁ?‘ghlorobenzenézgroup was the next highest in
terms of sampling frequency. Although the compounds in this group
were detected frequently, Lhe concentrations were very low, posing no

enviromiental concern.



4.4

Very few samples have been collected for PAHs, phthalate esters,
aromatic hydrocarbons, and halogenated hydrocarbons. Although the
frequency of detections is high, where a guideline exists there was
only one exceedance - 1,2 dichloroethane. Thus the limited available

data suggest that these parameters are not of concern.

In sumnary, although trace organic substances have been fourd in the
water of the Ottawa River, when compared with the available guidelines
for the protection of aquatic life there were few exceedances for some
compourds, PCBs being the most frequent. Continued monitoring and
source identification for this group of compounds is recommended so
that remedial actions may be taken to resolve this issue.

Sediment

Bottom Sediment

PCBs, DDT isomers, seven chlorobenzenes and one PAH were detected in
the bottom sediment of the Ottawa River (Table 4.3). There are no
guidelines for concentrations of toxic substances in sediments as
there are in the case of water. The guidelines for open-water
disposal of dredged materials, although not the most appropriate, are
presently the only available reference levels one can use to compare
Lthe sediment concentrations found in this study. The only organic
compounds included in these guidelines are the PCBs and the p,p'-COT.
The PCBs exceeded the criteria of acceptability for open-water
disposal of dredged materials. The exceedances occurred from La Cave,
near Mattawa, Ontario, through to Carillon Dam (approximately 400 km
stretch). The PCBs in the bottom sediments could originate from a
number of sources including atmospheric deposition, hydroelectric
facilities, urban surface runoff, treatment plant effluents and

industrial point source discharges.



suspended Sediment

Alpha-BHC, PCBs, eight chlorobenzenes and three PAHs were detected in
the suspended sediments collected from Chats Falls, Lemieux Island and
Carillon Dam (Table 4.4). The PCBs exceeded the objective for
open-water disposal of dredged materials. Most of these exceedances
occurred at the Chats Falls hydroelectric facility; the remaining
occurred at Carillon Dam. As in the case of bottom sediments, it must
be noted that this objectives is not the most appropriate for
comparing suspended sediments concentrations. It is, however, the
only sediment-related guideline currently existing in the scientific

literature.
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Doc. No. 0400D

NUTRIENTS

Introduction

The "nutrient" water quality parameters consist of various chemical
and physical forms of phosphorous, nitrogen and carbon. The term
"nutrient" reflects their importance in the growth of aquatic life.
If any of these three elements is absent, the growth of aquatic life

is hindered.

Nutrient inputs into aquatic systems originate from a number of
natural and anthropogenic processes, including weathering, urban and
rural surface runoff, especially from fertilized agricultural lands
and livestock operations, atmospheric wet and dry deposition,
biological assimilation and degradation, industrial activities (e.g.
pulp and paper mills) and forestry practices. Other influences on the
nutrient concentrations, especially in the Ottawa River, are the

impoundments and seasonal discharge characteristics.

The concern for phosphorous loading in the Ottawa River was already
addressed by modifying certain sewage treatment plants (STPs) to
reduce the phosphorus contribution to the recipient waters. This
action of Ontario Ministry of Environment (OMOE) together with the
implementation of the phosphorus reduction measures of the Canada
Water Act of 1970 have contributed to lowering levels of total

phosphorus throughout the interprovincial section of the river (Task

Force Report, 1977).

This chapter reports on spatial, temporal and seasonal variations of
the nutrient data collected by OMOE and MEQ from the mainstem stations

and thirteen major tributaries entering the Ottawa River.
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Data Sources and Analysis

The agency and the type of nutrient data collected are shown in
table 5.1.

Table 5.1 Agency and the Type of Nutrient Data Collected.

AGENCY NITROGEN AGENCY PHOSPHORUS
OMOE Total Nitrogen OMOE, MEQ Phosphorus - Total
OMOE, MEQ Total Kjeldahl Nitrogen

OMOE Dissolved Ammonia (Filtered)

MEQ Total Ammonia (Unfiltered)

OMOE Nitrogen -Nitrite Other

OMOE Nitrogen -Nitrate OMOE, MEQ Dissolved Oxygen
MEQ Nitrogen -Nitrite + Nitrate

The frequency of sampling at some of the monitoring stations during
the course of the study period was inadequate for interpreting the
data collected. Changes in analytical methods in 1982 for the
phosphorus-dissolved and particulate added to the difficulties of
analyzing and interpreting the data. As a result the total phosphorus
was the only one considered in the statistical assessment of the
phosphorus data base. Statistical analysis, including one-way RNOVA,
Duncan's Multiple Range Test, Students' t-Test, hean and standard
deviation, was limited to nutrient data that had adequate sample sizes
and frequencies of collection during the study period 1977 to 1984.
The data analysis also included comparisons with the 1971-1977 of
results as reported in the Task Force Report (1977).



5.2

5.2.

1

5

Total Nitrogen
Mainstem
Spatial variation

The spatial variation of the total nitrogen concentrations is shown in
figure 5.1. (The total nitrogen analysis was discontinued after
1981.) High concentrations and variability occurred at Otto Holden
pam (Station 3), Hawkesbury-Perley Bridge (Station 8) and
Hawkesbury-Channel 1 and 2 (Station 9). These stations were located
downstream from sulphite process pulp and paper mills. The Tembec
Forest Products mill effluent discharge directly affected the total
nitrogen levels at Olto Holden Dam, 40 km downstream. The
CIP-Hawkesbury mill and Hawkesbury sewage treatment plant directly
influenced the nearshore total nitrogen concentrations recorded at
Station 9 and indirectly influenced the mainchannel Station 8. The
gradual decline in total nitrogen mean values in a downstream
direction, from Otto Holden Dam to Chats Falls Dam, was probably due
to the nitrification process, i.e. the oxidation of various nitrogen

forms to nitrates, taking place in this stretch of the river.

The increase from Chats Falls to Hawkesbury was attributed to the
nutrient sources originating from the Ottawa-Hull region, Ontario
tributaries, draining primarily agricultural land, and two sulphite

process pulp and paper mills operating in Masson, Quebec, and

Hawkesbury, Ontario.
Temporal Variation

The total nitrogen concentration temporal variations at the various
mainstem stations are shown in figure 5.2. Otto Holden Dam annual
mean values declined from 1971 to 1973 as a result of the sulphite
pulp and paper mill shutdown, but then went back up after start-up of



Tembec Forest Products Ltd. mill located at Timiskaming, Quebec. The
last available value, in 1981, seems to indicate lower values again.
More data are needed to confirm this. There were no significant
changes in the levels of total nitrogen at the Chats Fall and Chenaux

Dams stations over the 1971-1981 period.

The high variability at Hawkesbury-Perley Bridge, the coefficient of
variance ranged from 40 to 102% throughout the study period (1971 to
1981), makes any long-term trend in the total nitrogen concentration
at this location difficult to detect. This high variability was
probably due to the combination of flow and direct point sources
located in the area, i.e. Hawkesbury STP and CIP sulphite process
discharge. The temporal changes at the nearshore station
Hawkesbury-Channel 1 and 2 were similar to the mainchannel temporal

variations (Figure 5.2).
Seasonal Variation

Total nitrogen concentration data arranged by month are shown in

~J

figure 5.3. Total nitrogen summner mean concentrations were lower than

the other seasons at all sampling locations, except Otto Holden Dam.
At this station the winter and spring mean values were lower than the
summer and fall values. The low flow period during the summer
governed, in part, by the flow regulation of the Lake Timiskaming
impoundment discharge, combined with the continual discharge of
nitrogen constituents into the Ottawa River by tHe sulphite process
mill in Timiskaming, may have contributed to the high summer nitrogen

concentrations at Otto Holden Dam.

The high late fall and winter values at the other locations are

probably due to low biological activity in the river during that

period of the year.
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5.2.2

Tributaries

g - . : Fa

Ontario

‘The total n1trogen concentratlon annual means and the correspondlng

_standard dev1at10ns are summarized in table 5.2. ~The South Nation

River had the’ hlghest concentrat1ons and they were accompanied by high
var1ab111ty of the results. This. river was considered to. impair the

water quallty at its confluence wlth the Ottawa River (Task Force,

1977).

There were no significant changes in. any of the tributaries in the

1977—1981 period. The high single value in 1981 at Petawawa must be  _

confirmed by additional data, before it can be said that an increase

has occurred at this location.

N 1
S . J



5.3

5.3.

1

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen (TKN) measures both ammonia and organic

nitrogen. Both of these forms of nitrogen are present in nitrogenous
organic detritus from natural biological activities. Elevated levels
of TKN will contribute to the overall abundance of nutrients in water

and subsequently eutrophication.
Mainstem
Spatial variation

Total Kjeldahl Nitrogen annual mean concentrations are presented in
figure 5.4. The lowest annual mean values occurred at the lLake
Timiskaming outlet (Station 2). The impoundment characteristics of

Lake Timiskaming may have influenced the TKN mean values.

Both the Otto Holden Dam (Station 3) and Hawkesbury stations (No. 8
and 9) are downstream from pulp mills that introduce high levels of
nitrogen constituents into the waters of the Ottawa River. This
explains the peaks of figure 5.4 at these locations. The maximum
annual mean of TKN concentration were recorded at Hawkesbury-Perley
Bridge (Station 8). The TKN levels observed at this station were, in
part, directly affected by the CIP-Hawkesbury mill plume and nutrient
sources upstream and they were significantly higher than any of the

other mainstem station TKN values.

Temporal Variation

There were no significant TKN changes during the 1977-1984 period at
any of the ten Ottawa River mainstem locations sampled (figure 5.5).
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Seasonal Variation

rences at any of the mainstem
The summer TKN

There were no significant seasonal diffe
locations except at Station 4 - Chenaux Dam discharge.
concentrations at this station were significantly lower than the

values during the rest of the year (figure 5.6).

It was evident, during this study, that the placement of sampling
stations immediately downstream from impoundment discharges influenced
seasonal and temporal nutrient variations. Seasonal fluctuations
would be primarily aftected by the management of the flow regime

governed by the responsible regulatory agency (ie. Ontario or Quebec

Hydro) .

Quebec

The Quebec tributaries' TKN concentrations were lower than the Ontario
tributaries' TKN levels (Tables 5.3 and 5.4). The Gatineau River had

the lowest TKN levels.

Ontario

High TKN annual mean levels were recorded in the Rideau and South
Nation Rivers. The Rideau River nutrient levels were influenced by
recreational activity and the
including the City of

extensive agricultural land drainage,
runoff from a number of urban communities,
Ottawa. The South Nation River nutrient loading also stemmed from
agricultural activities and erosion from the prevelent marine clay
characteristics of the overburden dominating this watershed.
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5.4.

1

Ammonia

ammonia nitrogen, i.e. the sum of NH3 (free ammonia) and NHZ

(ammonium ion) concentrations, in surface waters originates from
industrial waste discharges and from the decomposition of nitrogenous
organic matter. Unionized ammonia is toxic to tish by reducing the
oxygen carrying capacity of the blood. Ammonia also exerts a high
oxygen demand in its conversion to nitrite and nitrate compounds .

Both these compounds promote the growth of algae and‘other aquatic
plants. The amount of unionzed ammonia present in a water body
depends on the amount of ammonium ion present, the pH, temperature and
the dissolved oxygen concentration. Within the pH range of most

surface waters the ammonia nitrogen will exist mainly as NHZ.

ammonia is rarely found in rivers and lakes in concentrations high
enough to be harmful to humans. To protect the aquatic life,
concentrations in surface waters should not exceed 0.02 pg. L~
unionized ammonia. The dissolved ammonia concentrations determined by
OMOE during the period 1971-1984 were below the proposed water quality

1 of

objective for the Ottawa River.

The data from MOE and MEQ were treated separately because the

analytical procedures for ammonia were not comparable in the two

agencies.
Mainstem

Spatial variation

Dissolved ammonia. Data collected by OMOE were summarized in

figure 5.7.

The highest ammonia values occurred at Otto Holden Dam (Station 3) and

460 km downstream, at Hawkeshury (stations 8 and 9) (figure 5.7).



Pulp and paper mills (sulphite process) were major contributors of
ammonia at these locations. Substantial amounts of nitrogen in the
form of ammonia originate from spent sulphite liquors (Fed.-Prov.
Working Group on Water Quality in the Ottawa River, 1978). The lowest
ammonia concentrations were found at Chats Falls Dam (Station 6).

The reduction in ammonia concentration trom Otto Holden Dam to Chenaux
Dam during was attributed to the oxidation of ammonia to the nitrate

form (see also section 5.7). There are no industrial nitrogen sources
of any magnitude along the 225 Km reach of river separating these two

stations.

Total Ammonia. A summary of total (unfiltered) ammonia concentrations
determined by MEQ for the period 1979-1984 is given in table 5.5. The

variation between the MEQ mainstem stations reflected the same

influences as the OMOE results. Three the five locations sampled had
higher values, viz. stations 4, 7 and 10. Two of these locations,
Portage du Fort (Station 4) and Carillon Dam (Station 10), are located
225 km and 30 km, respectively, downstream from sulphite process

discharges.

Temporal Variation

Dissolved Ammonia. The temporal variations of dissolved (filtered)

ammonia are shown in figure 5.8.

The CIP Timiskaming mill, closed down in 1971, re-opened in late 1973
by Tembec Forest Products. After its re-openning, the annual mean
concentration at Otto Holden Dam increased almost 6-fold. The
fluctuating pattern since 1979 was probably caused by production
levels and operational changes of the Tembec Forest Products mill and

the flow regime of the river.

SEN
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The changes in dissolved ammonia concentration occurring at Otto

Holden Dam together with the CIP Kipawa Mill, shut down in 1971, were
reflected in an attenuated form in the concentration changes occurring
at Chenaux Dam, i.e. a decrease to 1973, then an increase to 1980 and
a fluctuating pattern since then. The decrease in the ammonia levels
from Otto Holden Dam to Chenaux Dam points once more to the existence

of a nitrification zone in this reach of the Ottawa River.

Filtered ammonia concentrations determined at Chats Falls Dam
(Station 6) were too variable and infrequently sampled to adequately
explain the high variability of the results during the period 1971 to

1984 (Figure 5.8).

The CIP sulphite process mill located 1in Hawkesbury directly
influenced the ammonia levels at both stations 8 and 9 during its
period of operation. The concentrations at Station 9 during 1979 to
1981 were lower than the nearshore Station 8 values but followed the
same annual pattern. The ammonia data available after the
CIP-Hawkesbury Mill closure, in 1982, was collected in 1984. While
they show approximately the same or slightly reduced concentrations at
Station 9, in the mainchannel of the Ottawa River, the levels have
increased significantly at the nearshore location (Station 8). There

is no explanation for this at this time.

Total Ammonia. An increase in the total ammonia levels from 1979 to

1984 was observed at Masson and a decrease, after 1981, at Carillon

Dam reflecting the closure of the Hawkesbury mill in 1982.

Seasonal Variation

Only total ammonia data from MEQ were in sufficient number to assess
seasonal differences (Table 5.6). As a rule, downstream from Lake
Timiskaming the winter (December to March) means were higher than the

means for the other scenarios. In most cases, however, the seasonal

differences were not significant.
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Ontario

Dissolved (filtered) total ammonia mean values and concentration

ranges are summarized in table 5.7. The Mattawa, Rideau and South

Nation Rivers had higher total ammonia concentrations than the other
tributaries. There is no consistent temporal pattern in these data.

Quebec

The total ammonia results are summarized in table 5.8. The
concentrations in the various tributaries were similar hut the
variability of the data was high with the exception of the Kipawa

River. There were no temporal trends in the data.
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Dissolved Nitrate and Nitrite

Nitrate (No;) is the most stable and the principal form of

combined nitrogen found in natural waters. Nitrite (NOZ) is a

form of nitrogen that is usually found in minute quantities in surface
waters. Nitrite is unstable in the presence of oxygen. It occurs as
an intermediate torm in the nitrification (between ammonia and
nitrates) or dinitrification process (between nitrates and nitrogen

gas).

The presence of nitrates in concentrations greater than 5 mg/L may
reflect unsanitary conditions. Excessive amounts of nitrates may
result in prolific plant growth. Plants are capable of converting

nitrates to organic nitrogen.
Mainstem
Spatial variation

The concentrations of these two ions were measured by the OMOE at five
Ottawa River mainstem locations. MEQ measured the sum of the
concentrations of these two ions at five different locations on the

Ottawa River. The results are summarized in figures 5.9 and 5.10,

respectively.

The concentrations increased in a downstream direction from
Notre-Dame-du-Nord to Chenaux Dam, then decreased slightly to Carillon
pam. The increase was attributed to the high organic nitrogen and
ammonia levels contributed by natural processes and the Tembec Forest
Products Mill effluent (sulphite process). The oxidation of the
organic nitrogen and free ammonia to nitrite and nitrate, occurring in
the reach of the Ottawa River situated between Otto Holden Dam and
Chenaux Dam at approximately 225 Km, would contribute to the increased
concentrations observed at Chenaux Dam sampling location.
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For the remaining part of the river the available but limited data do

not show any significant trends.

Dissolved nitrite concentrations in the Ottawa River were similar
until one reaches the Hawkeshury area (Table 5.9). Although the CIP
mill closed in 1982 the nitrite as well as dissolved ammonia levels

have increased at this location.

Temporal Variation

After re-opening the Tembec Forest Products sulphite process mill in
1973, the dissolved nitrate mean levels, increased significantly at
Chenaux Dam (figure 5.11). This increase was also reported by a 1977
report (Task Force 1977) for the 1973-1977 period. The remaining

sampling locations showed no trend or only a slight upward trend up to

about 1979-1980.

~

Seasonal Variation

Spring mean dissolved nitrate values were significantly higher at Otto
Holden and Chats Falls dams, and the two Hawkesbury sampling

locations. In the headpond of Chenaux Dam, the fall mean yglue was

\(

signiticantly higher than the remaining seasons (Figure 5.13). This
may be a result of flow management practices at the Chenaux Dam,
nutrient loading from Tembec Forest Products Ltd. and Consolidated
Bathurst Ltd. pulp mills, and the productivity of the ecosystem
(Nitrobacter, Nitrosomonas) based on the availability of nitrogen and

ammonia in the ambient waters of the Ottawa River.

In the summer months, June-August, the concentration of dissolved

nitrate reached a minimum at all stations.

The dissolved nitrate + nitrite values, measured by MEQ, showed a
similar pattern, i.e. the lowest values were reached in the summer
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with high spring values at all sampling sites. 1In addition the

NO, + NOE also peaked during the fall months, i.e.

3
November-December, at all sampling locations with the exception of

Notre-Dame-du-Nord (Figure 5.%#5. -
3
Tributaries
In the period 1979-1984 the South Nation River had the highest mean
concentration of dissolved nitrate + nitrite reflecting the
consistently high values found in the water sample collected at the
=<

sampling site on this tributary (Figure 5.13). Relatively high

concentrations were also found in water samples from the Petite Nation

and Rideau Rivers. The dissolved No; + NOE concentrations

paralleled the patterns of the other nitrogen parameters observed in

these rivers. They drain primarily agricultural and recreational

land. Soil loss and stream bank erosion were also considered

important sources of nutrients entering the tributaries.
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Total Phosphorus

Phosphorus can occur in numerous organic or inorganic forms, and can
be present in waters as dissolved or particulate species. Phosphorus
is an essential plant nutrient and therefore in many cases a limiting
factor for plant growth. In water, the combined form of the element
is continually changing due to the processes of decomposition and

synthesis between organically bound forms and oxidized incrganic forms.

Mainstem

Spatial Variation

X

Total phosphorus annual mean concentrations are shown in figure 5.15;
Although the means and the ranges varied along the length of the
river, there was a trend of increased levels in a downstream direction
throughout the 1977-1984 period. A similar spatial trend existed from
1971 to 1977 (Task Force, 1977). Aannual total phosphorus increases
ranged from 100 to 267%, from Otto Holden Dam (Station 3) to
Hawkesbury-Perley Bridge (Station 8).

The high total phosphorus concentrations observed downstream from the
Ottawa-Hull area, at the Hawkesbury surveillance stations, and
Carillon Dam may be due to tributary loadings (South Nation River) and

surface runoff from urban areas.

Temporal Variation

Total phosphorus 1971-1984 annual means and ranges at the five OMOE
sampling locations on the mainstem of the Ottawa River are shown in

X

figure 5. 0.

In the headpond of Chenaux Dam (Station 5), total phosphorus annual
mean concentrations decreased from 1971 to 1979. Since 1982 the
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values are increasing reaching new highs. It appears that the
phosphorus remedial measures taken by the provincial and federal
governments are not effective in lowering the total.phosphorus levels
in this reach of the river. Further investigations are required to
determine the source of the increase in the tota} phosphorus

concentration in the Chenaux Dam headpond.

The only significant long-term (1971-1984) trend occurred at Chats
Falls (figure 5.f?). Total phosphorus mean levels at this location
declined by 68% from 1976 (40 pg.L™ ') to 1980 (13 pg.L™') and
fluctuated between 14 and 23 u(_:].L—1 during the 1981 to 1984

period. It seems that in this reach of the Ottawa River the remedial
measures undertaken by the provincial and federal governments in the
1970's resulted in the reduced total phosphorus concentrations since
1978. Tributaries also showed a significant decrease of total

phosphorus in this reach of the Ottawa River (see Section 5.6.2).

There were no long-term trends in total phosphorus concentrations from
Masson to Carillon Dam. Values were relatively high at both
stations. A significant decline in the total phosphorus concentration

occurred in early 1970's at Hawkesbury-Channel 1 & 2 sampling location.

Seasonal Variation

Significant seasonal differences were found only in the headpond of

| Chenaux Dam for the period 1978-1983. The spring total phosphorus

mean level 40 ug.L—1 was higher than the fall (21 pg.L_l) and

winter (25 ug.L_l) concentrations.
Tributaries
Ontario

The highest tributary total phosphorus mean values occurred at the
mouth of the South Nation River for the entire sampling period (1971
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to 1984). The peak annual mean concentration (218 ug.L_l)
occurred in 1981 at this station. The variability was also high
during the same year. Since 1981 the phosphorus concentrations at
this location have declined (Table 5.10). significant declines in
phosphorus concentrations have also occurred in the Rideau and the
Bonnechere Rivers. The lowest percent exceedance of the objective
occurred in the Petawawa and Madawaska Rivers (figure 5.155. The
total phosphorus concentration in the South Nation during the
1979-1984 ice free period exceeded the water quality objective 100% of

|

the time.

Total phosphorus loading from the tributaries draining agricultural
land, the South Nation and Rideau Rivers in particular, seem to
contribute significantly to the phosphorus levels in the mainstem of

the Ottawa River.

Quebec

The results for six Quebec tributaries are summarized in Table 5.11.
The lowest total phosphorus concentrations occurred in the Kipawa
River. Amongst the other tributaries, the Lievre showed both higher

variability and higher total phosphorus concentrations.

Comparison with Water Quality Objectives

The proposed phosphorus objective tor the Ottawa River for the ice
free period, is 30 pg/L. This objective was frequently exceeded

both on the mainstem of the river as well as in its tributaries. The
highest percent exceedance on the mainstem occurred in the headpond of
the Chenaux Dam (figure 5.19). The percent exceedances on the

tributaries_were even higher reaching 100% in the South Nation River

I
(figure 5.20). On the Quebec side, the Petite Nation and Lievre B

Rivers were also identified as major phosphorus contributors to the

Ottawa River.



It appears that improved municipal treatment facilities and the
reduction in the phosphorus content of detergents have not had the
desired impact. It is very possible that the major. contributors to
the phosphorus in the waters of the Ottawa River and its tributaries
are not the urban centres but agricultural activities, such as runoff

from fertilized land or livestock operations.
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5.7.

1

Dissolved Oxygen

The amount of dissolved oxygen in surface waters depends on the
temperature, salinity, turbulence (mixing) of the water, and
atmospheric pressure (decreasing with altitude). The dissolved oxygen
concentration is subject to diurnal and seasonal fluctuations due, in
part, to variations in temperature, photosynthetic activity and river
discharge. Biodepletion and re-aeration processes control the
dissolved oxygen concentrations. The decomposition of organic wastes

and oxidation of inorganic wastes reduce the dissolved oxygen levels.

The dissolved oxygen concentrations has no adverse physiological
effect on man. Adequate amounts must be available for fish and other
agquatic organisms. Many aerobic organisms cannot survive below
certain levels of dissolved oxygen. Waters with high concentrations
of dissolved oxygen are not acceptable for industrial applications,
since the presence of dissolved oxygen increases the corrasiveness of

a water.
Mainstem
Temporal Variation

There were no significant changes in the dissolved oxygen
concentrations at the sampling sites along the mainstem of the Ottawa
River during the 1979-1984 period with the exception of Chenaux Dam
site where, since 1980, high values were found (Figure 5.20).

The dissolved oxygen concentrations were always greater than 5.0 mg/L
with the exception of Otto Holden Dam where occasionally the readings
were down to 4.0 mg/L. To protect the aquatic life the dissolved
oxygen concentrations should be above 47% saturation or approximately
5.0 mg/L during the winter and 4.2 mg/L during the summer. A
comparison of the dissolved oxygen and total ammonia concentrations at
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_this.site (Figufe 5.22) exolains at- least partly, the changes in the
DO eoncentfatlons Oxygen is be1ng used to convert ammon1a to nltrate
(nitrification), thus exp1a1n1ng the low d1ssolved oxygen
'concentrat1ons when the total ammon1a levels are hlgh

i

Spatial Variation

: nnnual mean dlssolved oxygen values in the ma:nstem of the Ottawa ‘

Rlver ranged from approx1mate1y 9.0 to 14 mg/L with the exceptlon of
Otto Holden Dam sampling location, where the annual means ranged

‘between 7.0 and 9.4 mg/L, 51gn1f1cantly lower than the rest.
1Iributaries

LDlssolved oxygen. mean levels for both the Quebcc and Ontario

tributaries were well above the tentatlve water quality objective set
for the Ottawa River (47% saturation m1n1mum or approximately

4.2 mg.L"- for summer temperatures). On occasion the level. of DO 1n LA
the Petawawa and South Nation Rlvers dropped below the obJectlve |

(Flgdre 5. %2)
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Figure 5.6: The TKN Monthly Concentrations at the Chenaux Dam Discharge
(Station 4), for the Period 1979-1981.
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Figure 5.11:

0.40

The Dissolved Nitrate Concentrations at the Chenaux Dam
OMOE Sampling Location.
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Figure c.Hw“ The 1979-1983 Monthly kanges and Means of Dissolved Nitrate
+ Nitrite at Five MEQ Sampling 5ites on Lhe Mainstem of the
Ottawa River.
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Figure 5.%}: Total Phosphorus Concentrations at Chats Falls Dam Sampling
Location.
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6.0

6.1

1

Doc. No. 1940h

PHYSICAL PARAMETERS

Turbidity

Turbidity is a measure of the suspended particles, such as silt, clay,
organic matter, plankton and microscopic organisms, in water which are
usually held in suspension by turbulent flow and Brownian movement.

High turbidity reduces photosynthesis of submerged, rooled aguatic
vegetation and algae; this reduced plant growth may in turn suppress
Fish productivity. Ulkimately, Llurbidity can affect aquatic

hiological communities.

The proposed water quality objective for the Ottawa River is 5 FTU.

The turbidity values for the period of 1979-1984 at locations on the

mainstem of the Ottawa River are summarized in table 6.1.

Spatial Variation

The turbidity mean values along the Ottawa River, from
Notre-Dame-du-Nord to Carillon Dam, were very similar with the
exception of Perley Bridge and Channel 1&2 sampling locations
(stations 8 and 9)oin the Hawkesbhury area. The number of resulls
available from the two monitoring stations was inadequate for proper
statistical assessment. Individual values were up to 100 percent

higher than the results at most other stations (Table 6.1).
Temporal Variation

Turbidity mean values were similar from year to year (1979-1984) for
most mainstem stations. The only significant increase occurred at
Notre-Dame-du-Nord. The annual mean value increased from 4.3 FTU in
1979 to 6.7 F1U in 1984.

- .
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Seasonal Variation

The Notre-Dame-du-Nord turbidity mean value was significantly lower in
the winter (3.2 FIU) than the remaining seasons (5.2-5.9 F1U). These
last values were above the recommended objective for the Ottawa River
of 5 FTU. The highest mean turbidity value occured in the spring at

this station.

At the other end of the river, at the Hawkesbury stations, the fall
mean values of 10.7 and 11.4 FTU were higher than the 4.2-6.6 FTU
range for the means for the other seasons. The high fall levels
paralleled the total nitrogen scasonal pattern at these two stations.

At the remaining mainstem stations seasonal variation was similar.
The winter and spring mean values were higher than the summer and
fall. For example, the spring mean values of 3.5 and 6.8 FTU, of
samples from the headpond of the Chenaux Dam and from immediately
downstream of the dam discharge, were significantly higher than the
stmer (1.8 and 2.4 +1U) and fall (1.8 and 2.2 FIU) means but similar

Lo the winter mean values (3.2 and 4.0 FTU).

The mean values and the standard deviations for the six Quebec and
seven Ontario tributaries for the 1979-1984 period are given in

table 6.2.

The tributaries of the upper Ottawa River and the Quebec tributaries
in the lower Ottawa River, excluding Petite Nation River, were less
turbid than the Ontario tributaries draining into the lower Ottawa

River.
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Seasonal Variation

The Notre-Dame-du-Nord turbidity mean value was significantly lower in
the winter (3.2 FTU) than the remaining seasons (5.2-5.9 FTU). These
last values were above the recommended objective for the Ottawa River
of 5 FIU. The highest wean turbidity value occured in the spring at
this station.

at
At the other end of the river,Athe Hawkeshury stations, the fall mean
values of 10.7 and 11.4 F1U were higher than the 4.2-6.6 FTU range for
the means for the other seasons. The high fall levels paralleled the

total nitrogen seasonal pattern at these two stations.

At the remaining mainstem stations seasonal variation was similar.
The winter and spring mean values were higher than the summer and
fall, For example, the spring mean values of 3.5 and 6.8 FTU, of
sampies from the headpond of the Chenaux Dam and from immediately
downstream of the dam discharge, were significantly higher than the
summer (1.8 and 2.4 FTU) and fall (1.8 and 2.2 FTU) means but similar
to the winter mean values (3.2 and 4.0 FTU).

fributaries

The mean values and the standarda deviations for the six Quebec and
seven Ontario tributaries fFor Lhe 1979-1984 period are given in
table 6.2.

The tributaries of the upper Ottawa River and the Quebec tributaries
in the lower Ottawa River, excluding Petite Nation River, were less
turbid than the Ontario tributaries draining into the lower Ottawa

River.
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Quebec | >>77

The turbidity mean values recorded at Kipawa River and Coulonge River
ranged from 0.4 to 2.0 FTU. The annual mean turbidity values for the
Quebec tributaries of the lower Ottawa River, excluding the Petite
Nation River levels, ranged from 1.7 to 4.3 FTU. The Petite Nation
annual mean values ranged .from 4.7 to 13.8 FTU during the six year
study period (Table 6.2). Marine clays located at the mouth of this
river may be contributing to the high turbidity values.

The turbidity annual mean values of the Ontario tributaries ranged
From 0.7 to 40.6 FTU during the 1979-1984 period. The Mattawa and
belawawa Rivers, in the upper reaches of the Ottawa River, had low
turbidities wilth mean values ranging from 0.7 to 3.2 FTU. 'The only
Ontario tributary with high turbidity annual means, 8.1-40.6 F1U, was
the South Nation River. The prevalent erosion and agricultural land
use activities dominating this watershed contributed to the high

turbidity measurements.

Comparison with the Water Quality Objective

The proposed turbidity objective for the Ottawa River is 5 FTU.
Annual means above this suggested objective occurred at
Notre-Dame-du-Nord (1982 to 1984), the headpond of Chenaux Dam (1981,
1984), both Hawkesbury stations and Carillon Dam (1980 to 1984).

The turbidity mean levels of samples from the headpond of Chenaux Dam
increased from 2.0 to 6.9 from 1980 to 1981. The mean values in 1981
and 1984 exceeded the proposed turbidity objective of 5 FTU. The
exceedances were caused by a high spring values. At the same time
total iron levels reached 1900 ug.L_l. Discharge management
techniques al the dam most likely resuspend sediment and distribute

potential contaminants downslream. -
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The proposed objective was also exceeded by the annual mean turbidity
values on the following tributaries: Bonnechere (8.4 FTU, in 1983),

Rideau (14.4 FTU, in 1983), Petite Nation (6.7 - 12.9 FTU, in
1980-1984) and South Nation (8.1-40.6 FTU, in 1979-1984). The South
Nation River loading of suspended solids parallels the other high

loading observed in this tributary tor other chemical constitutents.
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6.2.

1

e
Conductivity ==X

Conductivity is & measurement of a water's ability to conduct an
electrical current. The conductivity of water is dependent on its
ionic concentrations and temperature. As more dissolved ionic species
are added, the specific conductivity increases. Temperature increases

also results in conductivity increases.

Conductivity has no major biological implications.

The 1979-1984 conductivity mean annual values for the sampling

locations on the mainstem of the Ottawa River are given in table 6.3.

Spatial Variation

The mean values al Notre-Dame-du-Nord (36.8-43.0 umhos/cm) were
significantly lower than the values at the remaining stations on the
Ottawa River (59.2-387 umhos/cm).

The headpond of Chenaux Dam and at the Hawkesbury surveillance
stations had high annual means, reflecting the high concentrations of

the various chemical constituents observed at these stations.

Temporal Variation

There was no significant increase in the conductivity from 1979 to
1984 in the upper Ottawa River, from Notre-Dame-du-Nord to the -Portage
du Fort. At Chenaux Dam the annual means approximately doubled over
the same period. This increase paralleled the increases of alkalinity

and heavy metals at this location.



D

Downstream from Ottawa-Hull, at Masson, the mean conductivity values
increased slightly over the six-year period from 65.6 umhos/cm to
80.6 uwhos/cm,

Stations 8 and 9 (Hawkesbury-main channel and nearshore, respectively)
were directly influenced by the CIP pulp and paper mill and Hawkesbury
sewage treatment plant effluent plume during 1979-1982. The high
conductivity values during 1981-1982 at these locations also
influenced the values farther downstream, at Carillon Dam. In
December 1982, the CIP mill shutdown and the conductivity levels and

variability were reduced.

Seasonal Variation

The average spring conductivity (60 umhos/cm) was significantly lower
than the average values for the remaining seasons (69 umhos/cm) at
Otto Holden Dam. This low spring value was probably the result of the

dilutional effect of the spring runoff.

In the headpond of Chenaux Dam, the winter mean (105 umhos/cm) was
signitficantly higher than the means For the other seasons

(55-59 umhos/cm). This high winter mean paralleled the seasonal
trends of other chemical constitutents, including the heavy metals,
during the winter period (see Section 3.0). It can be attributed to
the tributaries, Petawawa and Coulonge Rivers, and the susperded
solids and BOD loading originating from the Consolidated Bathurst
Ltd., pulp and paper kraft mill at Portage du Fort, Quebec.
Alkalinity values were also unusually high at this station.

The summer mean value (68 umhos/cm) was significantly lower than the
winter mean (86 umhos/cm) at Masson. The higher winter mean reflected
the concentration increases of major ions during the winter period at

this station,

— -
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The highest seasonal means occurred at Chats Falls. The mean values
For winter (139 umhos/cm), spring (113 wwhos/cm), summer (103 uwhos/cm)
and fall (119 umhos/cm) were probably influenced by the high ion
contribution of the Chenaux Dain discharge water and the three Ontario
tributaries, annechere, Madawaska and Mississippi Rivers, located

immediately upstream of the Chats Falls Dam.

The lowest seasonal means occurred at Notre-Dame-du-Nord. The
concentration range for all the seasons was 36 to 42 umhos/cm. This
range reflected the low ion content of this reach of the Ottawa
River. At the furthest station downstream, Carillon Dam, the
conductivity measuremenis were homogenous throughout the seasons
(76-90 umhos/cm).

The annual means and their standard deviations are shown in table 6.4.
Quebec

The Kipaws River conductivity mean value (31.2 umhos/cm) was
significantly lower than the other Uributary wmean levels. The Kipawa
River was considered acid stressed and lacked a high ion content

contribution from the surrounding shield drainage.

Tributary conductivity mean values determined at Coulonge, Gatineau,
Lidvre and Rouge Rivers sampling locations were similar and ranged

from 36.4 to 71.8 umhos/cm.



The annual means of the South Nation River (481-595 umhos/cm during
1979-1983) were significantly higher than any of the corresponding
values on the other tributaries. The South Nation River, drains
primarily agricultural land and marine clay overburden. The highest
nutrient and turbidity levels were found in this tributary for the
entire study period. There is no explanation for the large decrease
in the 1984 value.

The Rideau River also had consistent high annual means,

301.4-346.9 uwmhos/cm, over the entire study period.

The only Ontario tributary conductivity annual means that were
comparable to the Quebec tributary mean values were the Mattawa and
Petawawa Rivers. These two Ontario tributaries drain primarily the

Canadian Shield area.

b
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RADIONUCLIDES

Radionuclides may enter the aqueous environment via several
mechanisms. The main pathways are the interactions of cosmic rays
with the atmospheric nuclides, Failout of the fission products from
nuclear weapons testing in the atmosphere, nuclear fuel cycle
activities (e.g., uranium mining and milling and nuclear-power
generation) and weathering of rock formations containing
naturally-occurring uranium, thorium and their decay products. Major
contributions to radioactivity levels in the aqueous medium have
resulted from fallout due to nuclear-weapons testing in the atmosphere
after the second World War. Those radionuclides in the atmosphere,
generated or released, reach the agquatic systems mainly through
precipitation scavenging. Releases from nuclear fuel cycle activities
are usually in the form of air emissions and/or through effluent
discharges; their contribution to environmental radiation has usually
heen very small. Also, the contribution from the uranium and thorium

decay series is usually not significant in Canada.
Effects

Nuclides emitting ionizing radiation usually cause damage at the
molecular and cellular levels, primarily when ingested or inhaled.
The radiation consists of alpha and beta particles, and gamma rays.
An alpha particle is most detrimental because of its high energy
levels; it consists of two protons and two neutrons. A beta particle
is composed of a mass and a single charge equal to that of an
electron. A gamma photon is a form of electromagnetic radiation of
short wage-length. Somatic effects are generally related to the

magnitude of radiation energy deposited in body tissue.
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In SI units, absorbed dose is expressed in "Gray" which corresponds to
one joule of energy per kilogram of tissue. Biological effectiveness
of absorbed dose is measured in "Sievert" which is a product of
absorbed energy times a qualifying factor characteristic of the nature

of ionizing radiation.
Guidelines

In order to protect the general public from excessive radiation
exposure, revised guidelines for the consumption of drinking water
were proposed by the Health and Welfare Canada in 1978; recommended
limits are shown in Table 7.1. These guidelines are based on
dose-response relationship as recommended by the International
Commission on Radivlogical Protection (ICRP 1977). Maximum acceptable
concentrations (MAC) in drinking water have been derived which
correspond to 1% of the ICRP recomrended annual occupational dose
equivalent limit for continuous exposure. Target concentrations (TC)
correspond to 10% of the MAC. ‘the annual risks of adverse health
effects to an individual member of the public that continues to

consume water at MAC and TC limits are 107% and 10_7, respectively.

Radionuclide Levels

The radionuclides monitoring of the Ottawa River has been carried out
by several government agencies. The Chalk River Nuclear lLaboratories
(CRNL) of the Atomic Energy of Canada Limited (AECL) has three
monitoring stations in the vicinity of the laboratories at Chalk
River, Ontario. These stations are located at Rolphton, Deep River
and Pembroke. The Rolphton station is located upstream of the water
intake/discharge for the nuclear-power generation station (NPD), and
provides the backgrourd levels of radionuclides in the Ottawa River.
‘the Deep River station is located downstream from the NPD between
Rolphton and Pembroke. The station at Pembroke is located downstream
from the nuclear laboratories of the AECL. Samples were collected

daily, composited monthly and analyzed for selected radionuclides.
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Annual mean data for the Pembroke station are presented in Table 7.2.
From these data, it is apparent that only three radionuclides, viz,
strontium-90, cesium-137 and tritium are in measurable concentrations
and the others, viz, cerium-144, ruthenium-106 and cobalt-60, are
below or slightly above the detection limit. When compared with
drinking water guidelines (table 7.1), mean values ftor radionuclides
strontium-90, cesium-137 and tritium represent only 3.7, 0.16 and 0.55

per cent of the target concentration, respectively.

The levels of strontium and cesium seem to decrease with time whereas
those of tritium were unaffected. For strontium and cesium, the
trends are in agreement with those observed by Durham and Joshi (1984)
for the Great Lakes. Fallout from nuclear weapons testing in the
atmosphere appears to be the major contributor of radioactivity in the
Ottawa River, and reasons for the decrease are principally reduced
fallout inputs due to a treaty in 1963 banning the testing of nuclear
weapons in the atmosphere. This aspect is clearly demonstrated by the
long-term monitoring data from these three stations (Meyerhof 1984)

(Fiqure 1),

To assess the impact of NPD operations at Rolphton and that of CNRL at
Chalk River on the Ottawa River water quality, the means for the
1979-1983 period were calculated (Table 7.3). Nuclear activities have
definitely affected the radiological characteristics of this river at
these stations. From Rolphton to Pembrdke, tritium and cesium levels
have increased about two-told wheirecas the increase in strontium levels

was only marginal.

Very few data are available regarding the concentration of
radionuclides in the sediments or biota of the Ottawa River.

Sediments readily adsorb radionuclides from the water column via
chemisorption, physisorption and/or ion exchange, and thus they can be
a potential source. For example, the adsorbed radionuclides may be
easily released back into the water column under acidic conditions.
Biota, especially fish, serve‘as a pathway for radionuclides from
aguatic environments to humans. Future radionuclides monitoring

should include both biota and sediments.
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Conclusions

The present radionuclide levels in the Ottawa River are well below the
recommended quidelines for drinking water. However, due to the
presence of NPD and CRNL on the shores of the Ottawa River, the
monitoring of readionuclides in the Ottawa River should-continue at
least at the present level. Sediment and biota data will be useful in

understanding the pathway of these radionuclides to human beings.
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Table 7.1: Recommended guidelines for radionuclides in drinking water¥

Max imum
Acceptable Target
¥¥Radionuclide Concentration Concentration

Cesium-137 50 5
Iodine-131 10 1
Radium-226 1 0.1
Strontium-90 10 1
Tritium 40,000 4,000
Uranium : 0.02 mg/L 0.001 mg/L

#¥Source: Guidelines for Canadian Drinking Water Quality
1978, Health and Welfare Canada.

*) In units of Bg/L unless specified
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Table 7.2: Average Annual €oncentration of Radionuclides in the Ottawa River Water at
Pembroke, Ontario*

Radionuclide Concentration, mBag/L

Year  strontium-90 Cerium-144 Ruthenium-106 Cesium-137 Cobalt-60 Tritium
+Yttrium-90

1978 59 15 2.2 11.1 1. 2.4x104
1979 44 11 11.1 7.4 7.4 2.6x104
1980 37 2.6 7.4 7.4 2.6 2.2x104
1981 30 4.0 7.0 10.0 4.0 2.4x104
1982 26 5.0 7.0 6.0 3.0 2.3x104
1983 26 3.0 6.4 5.2 2.5 1.6x104
4
Mean 37 - - 7.8 - 2.2x10

¥Source: AECL Annual Reports
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Table 7.3: Average Concentration of Kadionuclides in the Ottawa River Whater

dueiteg- 1979 to 1983

e

Averaqge Radionuclide Concentration, Bq/m3

Location Cesium-137 Strontium-90 Tritium
Rolphton 3.8 14.4 9.9x103
Ceep River 4.0 13.0 17.2x103
Pembroke 7.5 16. 4 22.2x103

¥Source: AECL Annual Reports
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WATER QUALITY OBJECTIVES

Background

Water quality objectives are defined as limiting characteristics of
water, sediment or biota which have keen negotiated to protect the
agreed uses of a water body. They may be physical, chemical,
radiological or biological in nature and may be numerical or narrative.

In 1971, water quality objectives were proposed for the Ottawa River
by the Régie des Eaux du Québec (Quebec Water Board) and the Ontario
Water Resources Commission (1). The objectives (termed "standards" in
the 1971 report) were either numerical or narrative; some of the
numerical objectives varied from reach to reach of the river.
Narrative objectives were set for taste, odor, oil and other
immiscible chemicals, nutrients and temperature. Numerical objectives
were set for pH, alkalinity, coliformes, enterococci, radioactivity,

dissolved oxygen, dissolved solids, turbidity and colour.

Although these objectives were never Formally adonted by the
provincial governments, they served for a time as reference points for
data interpretation. They also helped stimulate and orient some

pollution control programs.

No new objectives or modifications to the 1971 objectives have been
proposed since then. In the interim, the scientific informatic
available for the formulation of objectives has greatly expanded and a
lot of experience has been gained in the practical use of objectives.

The proposed 1971 objectives are now out of date.

A/g
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For this reason the 1981 report of the federal-provincial technical
working group recommended that water quality objectives be established
for the river. This item was also included in the terms of reference
of the coordinating committee. The coordinating committee decided, at
its first meeting in April 1983, to set up an objectives

subcommittee. The subcommittee met four times during the 1983-84
fiscal year and the results of its work are summarized here.

Water Uses
Objectives were developed to protect the following uses:

a) Raw municipal water supply. Ihe number of communities taking raw
water directly from the interprovincial sector of the Ottawa River
prior to treatment as of 1984 was 22, 10 on the Ontario side and

12 on the Quehec side.

b) Aquatic life. This category includes warm water (non-salmonid)
fish and other resident organisms. The decision to exclude
salmonids was based on the policy of the Ontario Ministry of
Natural Resources which considers the Ottawa to be a non-salmonid

river for purposes of its management plan.

¢) Contact recreation. There are a number of bathing beaches along
the Ottawa River, particularly in the national capital region.
Water sports such as water skiing, boardsailing, canoeing and

sailing are practiced along the river segment under study.

d) Aesthetics. There are some 5000 cottages along the river (5) and
a number of parks, marines and other developments for which the
appearance of the river is important. The river also flows
through the National Capital area and forms the backdrop for the

Parliament Buildings.
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e) Protection of consumers of fish. Sport fishing is important in
the Ottawa River and there is alsoc some commercial fishing. 1In
addition, some fish-eating birds such as ospreys, herons,

kingfishers, cormorants and loons are found in the basin.
The subcommittee felt that other uses, such as agricultural and

irdustrial, are either unimportant or are adequately protected by

objectives that protect the above uses.

Scientific Basis of Objectives

The setting of appropriate water quality objectives, particularly for
aquatic life, is complex because of the large number of organisms to
be protected, their wide range of tolerances, the large number of
substances and other environmental factors that affect the organisms,
and the possibility of synergistic or antagonistic interactions among
these various substances. In addition, the available data bases are

often incomplete.

The subcommittee has set some tentative objectives based on the
available criteria and guidelines. These proposed objectives are used
only as benchmarks in interpreting water quality data and they

presented in Table 8.1.

At present, a task force of the Canadian Council of Resource and
Environment Ministers (CCREM) is preparing the Canadian Water Quality
Guidelines. These guidelines will be presented to Council in 1986.
They will provide the basic scientific information needed by
provincial and federal agencies to assess water quality problems and
to assist in establishing water quality objectives. The objectives
adopted by the subcommittee for the Ottawa River will likely need

revision once these guidelines are available.

&
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Table 8.1 _ :
Proposed Water Quality Objectives for the Ottawa River

'''' Chromium 0.0% mg/L
Copper 0.005 mg/L
Nickel 0.025 mg/L
Manganese 0.05 mg/L
Mercury 0.001 mg/L in water
0.5 mg/kg in the edible portion
of fish
Zinc 0.03 ma/L
Other
Ammonia: un-ionized 0.02 mg/L as N
total 0.5 mg/L as N
Nitrates + nitrites 10 mg/L as N
Oxygen (dissolved) 47% saturation minimum
pH between 6.5 and 9.0
Phosphorus (total, average 0.02 mg/l

for the ice free period)

Note: Unless otherwise indicated, all objectives are maximum

permissibhle values and refer to the total form of the parameter.

Problems Encountered in Setting Objectives

A number of problems or uncertainties limited the number of objectives

it could set.

One problem was related to the toxic organic compounds. Traces of
these are not efficiently removed by standard water treatment
processes and since the use of the Ottawa River as a source for
drinking water is important, the concentration of carcinogens in the
river should ideally be zero. Since this is impossible in practice,
it is necessary to determine an acceptable level of risk. Governments
in Canada, the United States and elsewhere are wrestling with this
question. The subcommittee decided to wait for the latest revision of
the Canadian Drinking Water Guidelines and for the Canadian Water
Quality Guidelines, prepared under the auspices of CCREM, before

proposing ohjectives for the toxic organic compounds.

/f[ 5
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The second problem involved trace metals. The subcommittee did not
expect that the trace metals other than mercury will be an issue,
because the 1981 Contaminants Task Force report stated that none had
been observed. However, monitoring data now available show that
several metals frequently exceed the tentative objectives.

Furthermore, the available data are usually for the total form of the
metals, while objectives should probably apply to the biologically
available portion of the metals. These questions will be taken up by

the Coordinating Committee during 1986,

Rationale for Water Quality Objectives

The Following is a brief rationale for the tentative water quality
objectives (see section 8.3) adopted by the Objectives Subcommittee.
The rationale is taken mainly from the minutes of subcommittee

meetings during 1983 and 1984.

The objectives of 0.05 mg/L is based on the widely accepted criterion

for drinking water supplies.

Copper

The objectives of 0.005 mg/L for total copper follows the Ontario and
Greoat Lakes objectives. Tt was noted that the Form of copper greatly
influences its toxicity and that some data on the form of copper,
especially during the spring Flood, might allow a more appropriate

ohjectives to be set.

Nickel

The objectives of 0.025 mg/L follows the Ontario and Great Lakes

objectives and the federal (WQB) guidelines for aquatic life.

\)\Q
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Manganese

The objectives of 0.05 mg/L for total manganese follows the commonly

 accepted drinking water criteria. Current levels of manganese seem to

be below this objective.

For mercury, the subcommittee fecommended an objective of 0.5 mg/kg in
the edible portion of fish from the river, to protect consumers of
fish., This objectives is based on both the federal Department of
National Health and Welfare guideline for commercial fish and the

Ontario guideline for protection of fish-eating birds.

“The subcommittee noted that although shiners and young of the yearbare

useful fish for trend analysis, it is the level of mercury in the
edible portion of adult fish which is most pertinent to

consumer-protection.

The mercury in some fish species in the Ottawa currently exceeds the
0.5 mg/kg quideline despite the fact that nearly all monitoring data
for water are below the detection limit of 0.05 ug/L. The committee
recommended an objectives of 1 ug/L (0.001 mg/1) for mercury in water
to protect drinking water supplies. This is based on the 1978
Canadian drinking water guidelines and is also very close to the EPA
maximum acceptable concentration (1983 draft criteria) for protection
of aquatic life from toxic effects (as distinguished from

accumulation).

The objectives of 0.03 mg/L is based on recent EPA criteria for soft

water as well as Ontario and Great Lakes objectives.
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It was impossible to set an objectives which could be compared
meaningfully to monitoring data and which would ensure protection of
aquatic life because the alkalinity in most of the Ottawa River is
already low and is decreasing, in certain reaches of the river due to
acid rain. It was therefore decided to interpret alkalinity results

on the basis of sensitivity to acid rain (see Chapter 2).
Aminonia

An objectives of 0.05 mg/L, as N, was recomnended for un-ionized
ammonia, lo protect aquatic life, and 0.5 mg/L, as N, for total
ammonia to protect drinking water. This is the same as the values
proposed by the IJC for the Great Lakes in 1978. To calculate
un-ionized ammonia, temperature and pH determinations must be made in

addition to total ammonia.

Nitrate and nitrite

An objectives 10 mg/L of nitrate + nitrite (as N) was recommended for
protection of drinking water supplies. A separate objectives for
nitrite was not set as it appears that its levels in the river are

always negligible.

Dissolved oxygen

For dissolved oxygen a minimum value of 47% of saturation, which
correspunds to the Ontario objective for warm water bhiota, was
recommended. This value translates into a range of 7 mg/L at 0° C to
4 mg/L at 20° C and above.

S P O o G U G O S B Ay D G D an A B B e



~IDL
pii

A range of 6.5 to 9.0, recomnended hy a number of agencies, was

proposed For the protection of aguatic life.

Total Phosphorus

The objectives proposed for total phosphorus is 0.02 mg/L for the ice
free period. This value is based on the Ontario objectives and
related information which suggest 0.02 mg/L to avoid nuisance
concentrations of algae in lakes and 0.03 mg/L to avoid excessive

plant growth in rivers.

Since the current levels of phosphorus in the river are fairly close
to the proposed objective, the aquatic plant growth and nutrient
levels must be monitored to determine the adequacy of this objective.

Unlike most other objectives, the total phosphorus objective applies

to the mean of the monitoring results, and to the ice-free period.
TOC and _1KN

It was decided that objectives were not necessary for total Kjeldahl
nitrogen (1KN) and total organic carbon (TOC). These parameters '
should not present a problem in the Ottawa River system if the
objectives for related parameters such as total phosphorus, nitrates,

ammonia and dissolved oxygen are met.
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REMEDIAL PROGRAMS

The waters of the Ottawa River receive effluents from municipalities
and industries, and agricultural runoff from both the Provinces of
Ontario and Quebec. The municipal and industrial effluents, but not
those from non-point sources, are treated prior to discharge to the
river. Urban drainage and other indirect and diffuse sources such as
from agriculture continue to cause pollution problems. In the
National Capital Area, due to the number of facilities, federal
activities make a signitficant contribution to the amount of effluent
discharged from treatment systems. Environment Canada activities,
such as participation on the Regional Municipality of OlLtawa-Carleton
Technical Pollution Abatement Committee, ensures that federal
departments and agencies adopt policies, programs and activities that
take into account environmental quality concerns along the Ottawa

River.

Municipal Pollution Control Programs

Ontario

Under a Federal-Provincial Accord for Environmental Protection,
Ontario has agreed to adopt pollution control requirements at least as
stringent as national requirements. Table 9.1 lists the municipal
treatment systems along the Ottawa River owned and operated by
municipalities or by the Province of Ontario. Treatment systems
include conventional activated sludge with phosphorus removal,
extended aeration, waste stahilization ponds, and primary treatment
with phosphorus removal and chlorination. ALl wmunicipalities on the
Ontario side are providing sewade treatment prior to discharge to the
river. At Hawkesbury, which previously had no treatment, an activated
sludge sewage treatment plant was constructed and placed in operation
during 1978. This facility provides phosphorus removal and effluent
disinfection. Other changes to municipal sewage treatment systems on
the Ontario side of the river, which have occurred since 1976, have

reduced pollutant loadings to the river.

\
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New Liskeard

Expansion of the New Liskeard waste treatment system should have
been completed during 1985, Two new aeration cells and phosphotus
removal were being incorporated into the waste tredtmont process

and the capacity of the system upgreded to 8273.7 m /d The

system remains as continuous discharge facility.

Haileybury - North Cobalt
The Haileybury - North Cobalt waste treatment system, previously
referred to as the Bucke Township system (in the 1978

Federal-Provincial Working Group Report), has remained unchanged.

Haileyhury .

Expansion of the Haileybury contact stabilization facility was
scheduled for completion during 1985. The capacity of the
treatment system was being increased to 2727.6'm3/d and
phosphorus removal facilities incorporated into the system.

 Mattawa

Expansion of the Mattawa waste stabilization ponds to a capacity
of 1091.0 m3/d was completed during 1980. The system has four
lagoon cells. Three of the cells are currently in use and the

system is operated as a seasonal discharge facility.

Pembroke

Expansion of the primary sewage treatment plant at Pembroke was
scheduled for completion during 1985. The plan capacity will
increase to 22730 m3/d and will have phosphorus removal and

chloriantion equipment.

Petawawa

Expansion of the primary sewage treatment facility at Petawawa was
scheduled for completion during 1985. The plan capacity will
increase to 4546 m3/d and will be equipped for phosphorus

removal and chlorination.
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7. Rockland
The Rockland waste treatment system has been modified from a

seasonal discharge lagoon to an aerated lagoon followed by a
facultative lagoon with a continuous discharge. Batch chemical
treatment is practiced for phosphorus removal. The capacity of
the Rockland facility has been increased to 2545.8 m3/d.

8. Hawkesbury
The Hawkesbury activated sludge sewage treatment plant was
constructed and placed into operation on schedule during 1978.
The 12274.2 m3/d treatment plant provides phosphorus removal and
effluent disinfection.

The Ontario Ministry of Environment requires phosphorus removal at all
sewage treatment plants with a capacity of more than 4500 m3/d.

With the exceplion of Pembroke, all major municipalities continue to
be in compliance. As noted above, the Pembroke plant is undergoing an
expansion program which includes phosphorus removal and chlorination.
As indicated in Table 9.1, the total phosphorus loading to the river
from municipal waste treatment plants in Ontario has not changed since
1976, but has been reduced by approximately 75% since 1969. The
provincial phosphorus control program and the federal regulation of
1970 reducing the phosphorus content of detergents to 8.7% by weight
followed by the provisions of the Canada Water Act, in 1973, which
restricted the phosphorus content to 2.2% by weight, were the primary
reasons for this reduction.

In 1983 the total 8005 loading from municipalities listed in

Table 9.1 was 12,615.6 kg/d. This increase from the 1976 loading
level of 10,169.5 kg/d (Federal-Provincial Working Group 1978) is due,
in parl, to the increase in population of municipalities along the
river and in particular an increased population in the Regional
Municipality of Ottawa-Carleton. Also the 1978 report provided data
on the basis of population staktistics. The estimate was probably

lower than would have been indicated by actual measured values.

- o oW U GR | N U A B AN N B D AE R B am e



9.1

9.2

.2

i 1

Quebec

In Quebec, sixteen (16) municipalities having a population of
approximately 193,680 discharge effluents to the Ottawa River. Since
1976, a 70% reduction has been effected in municipal BOD5 and a 74%
reduction in phosphorus (Table 9.2). Quebec, as seen by the
reductions in BOD5 and phosphorus loading, has shown its commitment
Lo controlling Ottawa River pollution. By the end of May 1984, six
treatment plants were in operation and eight (8) municipalities had
agreed to a provincial sewage treatment program. By following this
program, in two to three years, 96% of the population on the Quelec

side of the river will have wastewater treatment.

One major municipal sewage treatment plant to come into operation
since 1976 is located at Templeton, Quebec. The plan serves the
Outaouais Regional Communities including parts of Aylmer, Hull and
Gatineau. This activated sludge sewage treatment plant reduced the
hourly discharge of BOD5 by 84% and of phosphorus by 86% based on
1983 data (Table 9.2).

Industrial Pollution Control Programs

The major industrial wastewater source on the Ottawa River is the pulp
and paper industry. There are currently six mills operating in the
basin, five of which are located in Quebec. the total 8005

discharge to the river is estimated at 284,5/7 ky/d (Table 9.3). 'This
represents a 36% decrease in total in BOD5 loading since 1976. The
total suspended solids discharge to the river is estimated at

98,882 kg/d. This represent a 46% decrease in suspended solids
loading since 1976. This decrease in loadings is due in large part,
to the closing of the Canadian International Paper (CIP) plant in
Hawkesbury. Other industries contribute organic waste to the Ottawa
River but their contribution is insignificant in comparison to the
larger pulp and paper industry. The changes which have occurred in
the pulp and paper sector since 1976 in Ontario and Quebec are

described here.
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The CIP mill at Hawkesbury, which had been a major contributor of

BOD5 to the river, has ceased operations. The closing of this plant
eliminated 99% of the BOD5 entering the Ottawa River from major
industrial sources on the Ontario side. The E£.B. Eddy Mill in Ottawa
has completed an abatement program which has reduced suspended solids
and BOD5 loadings to 450 and 1,660 kg/d, respectively (1983

average). The E.B. Eddy Mill in Ottawa has also completed an
abatement program which separated its sanitary wastes from the process
wastes. The mill sanitary wastes are now treated separately in a

package sewage treatment plant.

The pulp and paper industry continues to be the major source of 8005
and suspended solids on the Quebec side of Lthe Ottawa river. The
names of the pulp and paper mills together with estimates of their

BOL)5 and suspended solids loadings are given in Table 9.3.

In general, there has been less than 3% increase in BOD5 loadings to
the river since 1976 from mills operating on the Quebec side.

Overall, the data indicates a 30% reduction in BOD_ loadings since

5
1969. The recent increase could be due in part to increases in
production levels. The data shows production levels for Quebec mills

increasing by almost 6% during the same period.

There has been a 45% reduction in suspended solids discharges to the
river from Quebec mills since 1976. Further reductions can be
anticipated with the completion of a suspended solids reductions
project planned for 1985 at the Tembec Forest Products mill at

Temiscaming.

| J\\
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9.3

9.4

Agricultural Inputs

No remedial programs have been undertaken to address the agricultural
runoff problem along the Ottawa River. The agricultural industry,
particularly livestock operations, can significantly pollute an
agquatic environment. Fertilizers, pesticides and herbicides may leach
into the water system or runoff directly into the river. 1In addition,
inappropriate farmland drainage and agricultural practices can
accelerate erosion, increase water turbidity and contribute to high

nutrient levels.

Other Discharges

A proposal currently exists to construct a snow dumping facility on
the Ottawa River. The Ontario Ministry of the Environment has
developed conditions for approval should the Regional Municipality of
Ottawa-Carleton proceed with this program. One of those conditions is
the submission of an annual water quality report which will be used to
determine whether or not the facility can continue to be used one year
to the next. Subsequent approval for the snow dumping program will be

based on a review of that report.
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