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A particular area of concern related to municipal and
industrial effluent discharges in the northern river

basins is the effect of nutrients (nitrogen and Related Study Questions
phosphorus) on the aquatic environment. Nutrients

enter a river from municipal and industrial effluents, 2) What is the current state of water quality
agricultural and timber-harvesting runoff, natural in the Peace, Athabasca and Slave river
runoff, groundwater sources and tributary inflow. basins, including the Peace-Athabasca
Added nutrients can cause changes in the Delta?

abundance and production of benthic biota and on
the production, reproduction and survivorship offish.
Nutrients may also decrease dissolved oxygen
concentrations as a result of enhanced plant growth,
which is, in turn, decomposed by bacteria that
consume oxygen. The changes to the biological
communities resulting from the addition of nutrients
and their subsequent effect on the chemical and physical components of the ecosystem is referred to
scientifically as eutrophication. Understanding the impacts of nutrients on the aquatic environment is therefore
critical for regulating industrial and municipal effluent discharges to the Peace, Athabasca and Slave rivers in
order to minimize eutrophication, protect aquatic habitats and safeguard ecosystem health.

51 Are the substances added to the rivers by
natural and man-made discharges likely to
cause deterioration of the water quality?

This report provides an overview of historic information and data related to nutrient sources to the Peace,
Athabasca and Slave river systems and their effects on river water chemistry, benthic invertebrates and algal
communities. Principally, the role of industrial and municipal sources in contributing nutrients to the Athabasca
and Peace river systems is examined relative to natural sources and non-point sources such as agriculture.

As of April, 1994, there are five continuously discharging sewage treatment plants, four operating pulp mills,
and one mill under construction onthe Athabasca River and its tributaries. The increase in nutrient levels with
distance downstream on the Athabasca River system is due to point sources and natural tributary inflows, which
often have higher concentrations of phosphorus and nitrogen than the mainstem. During the winter of 1991,
the contribution of total phosphorus and total nitrogen to the mainstem from all man-made point sources was
44% and 19%, respectively. On an annual basis, however, the relative contribution from point sources is lower
(approximately 5% of the total phosphorus load) because the nutrient contribution from the tributaries is much
higher during other seasons. When all tributary and point source contributions to the Athabasca River are
considered, the total phosphorus load measured near the Athabasca delta during the winter of 1991 was only
36% ofthe sum ofthe inputs. Based on the same winter survey, the concentration of total nitrogen increases
at downstream locations; the nitrogen load near the Athabasca delta was almost seven times greater than the
load upstream of Hinton. Data from the long-term monitoring site at the Town of Athabasca shows an upward
trend in mean winter concentrations of total nitrogen in the Athabasca River between 1982 and 1992.

There are five pulp mills on the Peace River and its tributaries, only two of which are in Alberta. Because of
its size, the water chemistry ofthe Peace River is not markedly affected by point source effluent discharges.
Between 1977 and 1988, there was a significant decrease in all nitrogen forms and no change in total and
dissolved phosphorus in the Peace River at the long-term monitoring site at Dunvegan. However, sewage
treatment plant and pulp mill effluents affect the water chemistry of the Wapiti and Smoky rivers. Inthe winter
survey of 1991, man-made point sources contributed the majority of total phosphorus (84%) and total nitrogen
(51%) to the Wapiti-Smoky river system. Total and dissolved phosphorus concentrations measured at the long-
term monitoring site on the Smoky River at Watino have been highly variable between 1982 and 1992. An
upward trend in total and dissolved nitrogen has occurred during this same period.
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A longitudinal trend of increasing nutrients with increasing distance downstream was identified in the Peace
River. The upper Peace River in Alberta is not affected by point source discharges but, historically, the
concentrations of nutrients have increased in the intermediate reach due primarily to inputs from tributaries,
particularly the Smoky River which has higher concentrations of nutrients than the Peace River. The 1991
winter survey of the intermediate reach did not find an increase in total phosphorus or total nitrogen
concentrations with distance downstream. In the survey, point sources contributed 1.6% and 3-4% of the
instream load of total nitrogen and total phosphorus, respectively. The water chemistry of the downstream
section of the Peace River may be strongly influenced by a natural increase in particulates from bottom
sediments, although there are also natural nutrient loadings from tributaries. There was a significant
decrease in all nitrogen forms and no change in total and dissolved phosphorus in the Peace River at the
long-term site monitoring at Dunvegan from 1977 to 1988. In the last three years, mean winter
concentrations of total phosphoms (measured at Fort Vermilion) have decreased. (Three years of data are

insufficient to establish statistically significant declines in total phosphorus.)

Increases in total nitrogen and total phosphorus in the Wapiti River from 1987 to 1991 have been attributed
(Noton 1992a) to the point sources. In the 1991 winter synoptic survey, the contribution of total
phosphorus and total nitrogen from all anthropogenic point sources on the Smoky-Wapiti river system was
84% and 51 %, respectively, of all inputs including tributary inputs. (These percentages would be lower
on an annual basis.) During the winter synoptic survey of 1991, there was an increase in total phosphorus
in the Smoky River due to inflow from the Wapiti River containing this point source input. The mass of
total phosphorus transported down the Wapiti River and the Smoky River increased by an order-of-
magnitude. Total nitrogen loads increased about four to six times background levels in the winter of 1991.
Total phosphoms and total nitrogen loads measured in the Smoky River in the winter of 1992 were about
one-half and two-thirds, respectively, of the 1991 nutrient loads. Total and dissolved phosphorus
concentrations measured at the long-term monitoring site on the Smoky River at Watino have been highly
variable over the last ten years. No trend was evident in the winter means (used because they have less

scatter). An upward trend in total and dissolved nitrogen has occurred from 1982 to 1992.

Distinct seasonal patterns in the amount and the fractions of nitrogen and phosphoms occurred in the
Peace, Athabasca and Wapiti-Smoky Rivers. Concentrations of phosphoms and nitrogen increase during

the rising hydrograph due mainly to increases in the particulate fraction. The dissolved fraction of both
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BENTHIC EFFECTS

The benthic macroinvertebrate communities have been monitored by Alberta Environment and all of the
pulp mills. With the exception of two mills, the data have been collected using comparable methods.
There is, therefore, a substantial, good quality database for locations upstream and downstream of many
point sources. The pulp mill effluents and the treated municipal sewage discharged to the river generally
cause an increase in the number of benthic invertebrates downstream. The number of invertebrate taxa
(e.g. species), including both pollution tolerant and intolerant taxa, usually does not change, although the
number of taxa increase below Hinton. The population of enrichment-sensitive species, such as
Rithrogena sp., declined in mixing zones below effluent discharges. The diversity of the benthic
invertebrate community generally decreases below point source discharges due to relative increases in the
numbers of organisms in some taxa compared to others. This decrease in diversity is not due to a
decrease in the number of taxa. Statistical and taxonomic analyses of the data indicate mild to moderate
enrichment without evidence of toxicity. The natural changes in the river are equal to, or greater than,
the changes caused by the effluents discharged to the river. Longitudinal trends in the benthic community
from the headwaters to the river mouth, and seasonal and annual fluctuations are apparent in the data.
Tributaries such as the McLeod River affect benthic communities in the mainstem. Natural events such
as the high flows in the spring of 1991 have a profound effect on benthic invertebrates causing changes

in species dominance and abundance.

Biofilm data are scarce. Epilithic algae, as measured by chlorophyll a, generally increased below point
source discharges, although the quantity of algae was dependent on substrate and velocity. Epilithic
chlorophyll a was generally low during spring and summer (attributed to scouring), and in sand or silt
substrates. Average epilithic algal densities (as measured by chlorophyll @) were generally low in rivers
of the NRBS area relative to values recorded in major southern Alberta rivers with the exception of
locations affected by point sources. Epilithic chlorophyll a concentrations exceed 100 mg/m2 (the B.C.
Ministry of Environment criterion) below some pulp mills, municipal sewage treatment plants and coal

mines.

An increase in under-ice sediment oxygen demand (SOD) rates occurs downstream from point sources

including pulp mill and municipal effluents. Differences in SOD rates could not be attributed to
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SECTION 1.0

INTRODUCTION
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In January 1993, SENTAR Consultants Ltd. was authorized by the Northern River Basins Study
(NRBS) to compile and review water quality and related data pertaining to nutrients. The
objective of this report is to review and synthesize existing information, including both reports
and databases, on nutrient concentrations and loading, sediment oxygen demand, and benthic
communities within the three northern rivers of the study. The benthic communities included in
the study are the benthic biofilm (including algae, fungi and bacteria) and benthic
macroinvertebrates. The nutrients are nitrogen and phosphorus. The study will define and

identify the commonalities in the impacts of nutrient loadings from point sources.

The project consists of three parts: data collection, the synthesis report, and an annotated
bibliography. The synthesis report includes: instream nutrient conditions, nutrient sources, the
effects of nutrient loading on the sediment and benthic communities, the commonalities between
nutrient impacts from various sources, identification of data deficiencies, and an outline of the

data required to construct a nutrient budget.

The study area includes the Peace River, the Athabasca River and the Slave River within Alberta
and the Northwest Territories (Fig.1.1.1). The study includes major tributaries to the three
rivers; for example, the evaluation of the Peace River will include the Wapiti River and the

Smoky River. Also, the Lesser Slave River is a major tributary of the Athabasca River.

1(: @ 6

This report was produced in consultation with the Nutrients Group of the Northern River Basins
Study headed by Dr. Patricia Chambers. Her advice; the assistance of Greg Wagner of the
NRBS; the data supplied by Leigh Noton, lan Mackenzie, Anne-Marie Anderson and David
Spink of Alberta Environment; the data supplied by Environment Canada; and the cooperation

of the pulp mills, coordinated by Brian Steinback, are all greatly appreciated.

13-089-01-01/Nutrient
Synthesis Report 1(1



HSTTAR

% &% ! %

I "#$ %

Figure 1.1.1

NORTHERN RIVER BASINS
STUDY AREA









2.0 SOURCES OF NUTRIENT LOADING

2.1 BASIN DEVELOPMENT

2.1.1 Athabasca River Basin
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- Jasper Sewage

Weldwood Pulp Mill And Hinton Sewage

- ANC Pulp Mill

Millar Western Pulp Mill

- Whitecourt Sewage

- Slave Lake Sewage

- Slave Lake Pulp Mill

- Athabasca Sewage

- Alberta Pacific Pulp Mill
- Fort McMurry Sewage

- Suncor Effluent

Figure 2.1.1

LOCATION OF MUNICIPAL, PULP MILL
AND OTHER INDUSTRIAL DISCHARGES
TO THE ATHABASCA RIVER
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There are differences in the type of mill process and the wastewater treatment used at Alberta
pulp mills (Table 2.2.1). Mills producing kraft pulp and chemi-thermomechanical pulp (CTMP)
have different effluent characteristics due to process differences, but the type of effluent treatment
system is also important. The two types of wastewater treatment in use are: aerated stabilization
basins (ASB), and activated sludge treatment (AST) which may have extended aeration (Table
221

Inplant process improvements at two existing kraft mills that reduce BOD, such as extended
cooking and oxygen delignification, reduce the need to add phosphorus to the ASB.
Weyerhaeuser does not have these inplant processes. The process improvements at the
Weldwood of Canada Ltd. mill (such as oxygen delignification) and the substantial improvements
in effluent treatment at the Slave Lake Pulp Corporation and Millar Western Pulp Ltd. mills
(described in the following summaries) are examples of recent changes in existing mills. In
addition, new mills experience variations in flow and nutrient loading at start-up. Thus, nutrient
loading from pulp mills is not static; it varies with changes in mill processes, effluent treatment
and discharge quantities. The net effect is one of rapid variation in the overall nutrient loading

from pulp mills in the last few years.

S0 M3 The Hinton bleached kraft pulp mill has been in
operation since 1957. The mill has always used softwood (about 75% spruce and 25% pine).
Municipal sewage from the Town of Hinton is combined with the mill effluent and both are
discharged to the Athabasca River (Fig. 2.1.1). The Hinton mill was originally North Western
Pulp and Power, but the name was changed to St. Regis Paper Co. in 1978, Champion Forest
Products (Alberta) Ltd. in 1985, and Weldwood of Canada Ltd., Hinton Division in 1988. The

Hinton pulp mill’s original production has increased over the years (Fig. 2.2.1).

The Hinton mill has also improved its pollution abatement practices over the years. The effluent
system at start-up consisted of a 3-4 day settling basin. A primary clarifier and aerated
stabilization basins (ASB) with 5-day retention time became fully operational in October 1967,
treating all wastewater from the mill. In 1975, the ASB was expanded by deepening to a 6.3 day

design retention time and aeration capacity was increased. In 1978, a foul condensate steam

13-089-01-01/Nutrient
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for nitrogen was changed in September 1992 so that the operational target is now based on sludge

age (plus nitrate) rather than ammonia concentrations.

Slave Lake Pulp Corporation (Slave Lake! Construction of the bleached CTMP mill owned
by the Slave Lake Pulp Corporation was completed in December 1990. It uses both hardwood
and softwood. It has an AST system. In the fall of 1992, a second secondary clarifier was added
to control suspended sediment losses. Effluent from this mill is discharged to the Lesser Slave
River (Fig. 2.1.1).

Alberta Pacific Forest Industries Inc. (Alberta Pacific) This bleached kraft pulp mill is
scheduled to start up in September 1993. It will be able to process either hardwood or softwood,
but so far it has processed only hardwood (about 75% aspen and 25% balsam poplar). The AST
system will have extended aeration and a hydraulic retention time of about two days. This mill,

which is located near the Town of Athabasca, will discharge to the Athabasca River (Fig 2.1.1).

Daishowa Canada Co. Ltd.. Peace River Pulp Division (Peace River! This bleached kraft pulp
mill can process either hardwood or softwood. It uses hardwood about 70% of the time and
softwood about 30% of the time. The effluent which is treated in an ASB is discharged to the
Peace River approximately 19 km downstream of the Town of Peace River (Fig. 2.1.2). The
mill began operations in July 1990 and there have been no significant changes to the wastewater

treatment process since start-up.

Weyerhaeuser Canada Ltd. (Weyerhaeuser! The Weyerhaeuser (formerly Procter & Gamble
Cellulose Ltd.) bleached kraft softwood pulp mill at Grande Prairie became operational in 1973.
It uses 100% softwood (about 60% spruce and 40% pine), although the mill experimented with
hardwood for 1-2 years. It discharges effluent to the Wapiti River, a tributary to the Smoky
River. The mill has been upgraded over the years. Mill process changes include: oxygen and
peroxide reinforced extraction stage, pressure diffuser, "closed" screen room, and digester
washing improvements. The effluent is treated in a primary clarifier and ASB prior to discharge.

Effluent treatment improvements include additional aeration and increased hydraulic retention

13-089-01-01/Nutrieni
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The total phosphorus loading was higher for kraft pulp mills than for CTMP mills with the
exception of the ANC mill, a CTMP mill with high phosphorus loading in 1991. The highest
mass load of total phosphorus came from the Peace River mill in 1991 (Table 2.2.2), even though
it had the lowest pulp production of the kraft mills in the NRBS study area. Although total
phosphorus loading is greater for the kraft pulp mills, the production of these mills is also greater
than the CTMP mills.

When the total phosphorus load per tonne of pulp is considered, the highest total phosphorus
loads per tonne of pulp (from Table 2.2.1) come from two CTMP mills (ANC and Slave Lake
Pulp Corp.). The lowest load per tonne also comes from a CTMP mill (Millar Western). With
the exception of Millar Western, the kraft mills using ASB’s generally have the lowest total
phosphorus load per tonne of product. Since all three CTMP mills have an activated sludge
treatment system while all kraft mills have ASB’s, it is not possible to separate effluent treatment
type from the type of mill. One of the most important factors affecting the nutrient loading from
pulp mills to the river appears to be the management of the treatment system (e.g. no phosphorus

addition at Weldwood) or problems with the system.

Phosphorus loading varies substantially day to day and month to month (Appendix Tables A. 1
to A.6). The coefficients of variation of the total phosphorus load (Table 2.2.2) ranged from
28% to 138%. No seasonal trend is apparent in the discharge data.3 Winter synoptic survey
data are available for 1990 to 1992 (Table 2.2.3). It shows differences from year to year,
particularly for the Weldwood and Millar Western effluents.

Total nitrogen concentrations could only be obtained for five of the mills because Slave Lake Pulp
Corporation does not measure all the chemical forms of nitrogen (Table 2.2.4). The Slave Lake
mill does not report total Kjeldahl nitrogen (TKN) which is a major form of nitrogen in pulp mill
effluents (Table 2.2.4). Due to the past emphasis on effluent toxicity, measurement of ammonia
nitrogen has taken precedence. The ammonia values for the Slave Lake mill are generally <1.0
mg/L, but eleven values ranging from 11.0to 55.0 mg/L in February 1991 and 23 values ranging
from 3.0 to 16.8 mg/L in May 1991 are responsible for the high standard deviation in Table
2.2.4.

Data for dissolved phosphorus have been included in Appendix Tables A.1 to A.6 but data are incomplete and contain
anomalies (described further in Section 2.6).
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The mean loadings of total nitrogen for mills on the Athabasca River and Peace River vary
annually (Table 2.2.5). The highest measured nitrogen loading to the rivers comes from the

Weldwood effluent (Table 2.2.5). (The Weldwood effluent also contains municipal sewage.)

TABLE 2.2.5
1991 and 1992 Annual Mean Loads of Total Nitrogen in Pulp Mill Effluents

Pulp Mill Discharge Total Nitrogen Total
Concentration Nitrogen Load
(m3d) (mg/L) (kg/d)
Weldwood of Canada Ltd. 1991 Mean 100 384 5.15 566
Standard Deviation 9 861 1.59 187
Number 40 40 40
1992« Mean 112 589 5.61 628
Standard Deviation 11 221 1.28 139
Number 28 28 28
Alberta Newsprint Company 1991 Mean 15 203 4.16 64
Standard Deviation 3 545 4.30 71
Number 55 55 55
1992 Mean 17 462 5.05 88
Standard Deviation 2 261 2.43 41
Number 46 46 46
Millar Western Pulp Ltd. 1991 Mean 12 701 8.45 107
Standard Deviation 1496 3.33 44
Number 50 50 50
1992 Mean 11 636 8.06 90
Standard Deviation 2 526 4.10 45
Number 51 51 91
Weyerhaeuser Canada Ltd. 1991 Mean 57 612 10.05 562
Standard Deviation 12 291 4.19 232
Number 37 37 37
1992 Mean 63 908 5.58 351
Standard Deviation 10 722 1.82 123
Number 61 61 61
Daishowa Canada Co. Ltd. 1991 Mean 61 482 4.46 268
Peace River Pulp Division Standard Deviation 11 326 3.34 191
Number 81 81 81
1992b Mean 65 830 6.71 439
Standard Deviation 6 102 1.49 96
Number 24 24 24

Data only to the end of November 1992
Data for the months of January, February, April, August and October only.

o e
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TABLE 2.3.1
Mean Monthly Ammonia Nitrogen Loading to the Athabasca River
From the Suncor Inc. Athabasca Oil Sands Project

Date Mean Monthly No. of Samples Mean Monthly Standard
Flow Ammonia Nitrogen Deviation
(m3/d) (kg/ #
1988 January 1 6.50
February 3 4.10 5.12
March 4 2.00 0.89
April 2 1.45 1.77
May 1 0.90
1989 January 26 034 2 2.34 0.62
February 26 715 2 21.60 24.47
March 21 008 4 0.83 0.41
April 26 446 1 0.24
May 26 558 3 6.90 5.41
June 40 734 2 3.83 0.49
July 39 921 2 2.05 1.77
September 43 518 1 1.31
December 25 203 2 1.00 0.42
1990 January 26 324 2 0.80 0.52
February 23 155 2 10.60 9.48
March 24 001 2 2.90 0.57
April 28 491 2 0.96 0.0
May 23 295 5 1.56 1.23
June 15 775 3 2.87 1.80
July 31 400 4 17.98 16.36
October 48 435 2 2.29 1.93
November 40 485 2 0.68 0.31
December 28 919 2 1.38 0.26
1991 January 30 241 2 0.65 0.31
February 24 907 3 2.24 1.47
March 30 775 3 16.30 24.87
April 39 192 1 9.75
May 46 456 4 3.15 3.71
June 49 424 1 17.30
September 57 689 1 3.60
November 34 950 2 1.06 0.03
December 23 449 4 1.65 1.61
1992 January 40 033 3 5.55 8.02
March 31 688 4 2.56 2.30
April 35 156 1 10.90
September 36 611 5 4.40 3.04
October 30 852 5 16.30 6.59
November 30 296 4 14.48 7.07
December 32 009 3 3.77 2.22

Data provided by Alberta Environment
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During the winter synoptic surveys, Alberta Environment has taken grab samples of the final
effluents of the largest sewage treatment plants and analyzed these samples for nutrients (Table
2.4.2). The nutrient loading from the sewage treatment plants is largely bioavailable. The
concentration of total phosphorus that is present in the dissolved form (Table 2.4.2) is in the
order of 80-90%.

TABLE 2.4.2
Concentrations of Phosphorus and Nitrogen
in Municipal Effluents Measured during Synoptic Surveys2

Municipality Date Discharge Total Total Dissolved Total Dissolved
Kjddahl Ammonia Nitrate/ Phosphorus Phosphorus
Nitrogen Nitrogen Nitrite
Nitrogen
(D/IMIY) (m3d) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Whitecourt 20/02/90 3 370 6.0 5 3.1
12/02/90 3 370 1.66 0.25 13.4 2.82 2.82
05/02/90 3 456 8.75 7.01 5.097 2.95 2.95
Slave Lake 11/02/92 2 592 29.5 215 0.01 3.525 3.075
Athabasca 06/03/92 950 29.75 28.0 0.18 6.25 5.32
22/02/91 864 33.0 26.5 0.06 5.8 4.8
14/02/92 864 31.25 24.0 0.669 5.1
Fort 14/03/90 15 552 27.0
McMurray 14/03/90 15 552 26.0 20.0 0.09 2.6
06/03/91 10 973 27.2 22.0 0.1 2.64 2.4
25/02/92 12 096 30.25 21.0 0.221 2.5 2.275
Grande 27/02/90 19 872 10.4 6.0 5.75 4.65
Prairie? 27/02/90 19 872 10.0 6.2 5.8 4.5
27/02/91 19 440 9.6 8.64 6.31 4.65 4.6
27/02/91 19 440 8.8
27/02/91 19 440 8.8
27/02/91 19 440 9.6 8.64 6.31 4.65 4.6
11/03/92 15.75 4.833 4.575 4.4
Peace River 11/03/91 3370 24.75 15.0 0.01 4.7 3.825

Data from Alberta Environment
Synoptic surveys are timed to coincide with weeks when Grande Prairie sewage is discharged. Since sewage is only
discharged half of the time, the average discharge would be about half of this value.

ow

The mass loadings of total phosphorus and total nitrogen for 1990, 1991 and 1992 have been
calculated from these data (Table 2.4.3). Noton and Shaw (1989) also calculated the mass
loading of total phosphorus and total nitrogen from earlier synoptic surveys; Table 2.4.2 adds the

more recent data to the record of the loading information available from the synoptic surveys.
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Municipal sewage treatment plants generally have higher concentrations of nutrients in their
effluents than pulp mills The concentration of total phosphorus in municipal effluents is usually
higher than the concentration in pulp mill effluents except ANC and Slave Lake in 1991. The
concentration of ammonia in many municipal effluents (Athabasca, Fort McMurray, Slave Lake,

Peace River) is an order of magnitude higher than the concentration in pulp mill effluents.

Grande Prairie and Fort McMurray sewage effluent loads (Table 2.4.3) are within the range of
nutrient loads from pulp mills (Table 2.2.2). Loadings from other municipal effluents are
considerably less than those from pulp mills because the volume discharged is less. The data
from the synoptic surveys and the split sampling, although limited, indicate the importance of

treated municipal sewage as a point source of nutrients.

Pulp mills have emerged as the focus of public interest; however, when nutrient loads are
considered, sewage treatment plant effluents from the larger municipalities are of equal
importance. The ongoing municipal database development by the NRBS will be particularly

useful in accurately assessing municipal loading.

NON-POINT SOURCE LOADING

Importance

The preceding sections describe the nutrient loading from anthropogenic point sources in the
Athabasca and Peace Rivers and their tributaries. Because point sources are regulated and
monitored, a substantial amount of data are available to include in this report. Less information
is available for non-point source loading, although instream monitoring data for tributaries to the

mainstem are pertinent (and will be addressed further in Chapter 3).

A literature review of non-point source impacts on aquatic life for the U.S. Environmental
Protection Agency (Cunningham 1988) concluded that non-point source pollution is a significant
problem that is responsible for 65% of the impairment of rivers and streams reported by U.S.

states. Among the 37 states providing data on river miles not fully meeting the requirements of
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phosphorus export (Grobler and Siberbauer 1985). The soil type will influence the magnitude
of the phosphorus export released from the watershed. Phosphorus export via runoff is generally
low on sandy/gravel soils. Clay soils (clay loams, silt loams, etc.) have a high phosphorus
adsorption capacity, high erodibility and low infiltration capacity; therefore, total phosphorus
export via runoff is high (Reckhow et al. 1980).

Nutrient export from drainage basins depends very strongly on the hydrological regime. Studies
of nutrient export and loading such as the studies reported here, usually span a period of one or
two years. These studies usually present a single export value for a nutrient as being
representative of that system. Minns and Johnson (1979) illustrated the importance of obtaining
a range of nutrient export values over a number of years as a consequence of hydrological
changes. Their results for one river exhibit as much variation over ten years as was found

between major land types (forest-pasture/igneous rock) by Dillon and Kirchner (1975).

Phosphorus export also varies seasonally with spring runoff being particularly important in both
agricultural land and forest. In 1983, phosphorus export was quantified for two streams, Two
Creek and the Sakwatamau River, draining water from a forested area into the Athabasca River
(Munn and Prepas 1986). The influence of changes in discharge on phosphorus concentration
and partitioning was examined on an annual and seasonal basis and these data were used to
develop empirical models to predict phosphorus concentrations. Phosphorus export peaked during
summer storms; 68% of annual total phosphorus loading was transported during twelve days in
early summer. Phosphorus increases were larger during storms in early summer than during
storms in late summer. In another Alberta study, nutrients were mainly transported to Lake
Wabamun, Alberta (Mitchell 1985) by snow melt and heavy summer rains. Snow melt
contributed nearly half of the yearly supply of phosphorus. The Wabamun Lake study also

showed that the nutrient supply can vary from year to year.

The percentage of phosphorus that is available is much lower for forested land than agricultural
land. The average export of available phosphorus from forested land is 38% of total phosphorus
in the Baptiste Lake, Alberta, watershed (0.05 kg/ha/yr orthophosphate). The average export

coefficient from agricultural land in the Baptiste Lake watershed is 0.30 kg/ha/yr of
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orthophosphate (as P), which is 59% of the total phosphorus (Trew et al. 1987). In comparison,
the proportion of available phosphorus exported from the Lac la Nonne watershed in Alberta
ranged upwards from 50% of total phosphorus (Mitchell and Hamilton 1982). The Lac la Nonne
watershed was used mainly for grazing and forage production; the higher availability was

probably due to the proportion of phosphorus contributed by cattle waste.

It is unlikely that phosphorus losses are equal from all parts of the watershed (Jones et al. 1976).
Phosphorus concentration tends to decrease during movement from the initial source to the outlet.
Munn and Prepas (1986) found that most of the phosphorus reaching the Athabasca River from
a forested area is in the fine particulates rather than the coarse particulates; the fine particulates
would be less likely to settle out. Soils and sediments scavenge phosphorus along the way.
Thus, the fine particulates will transport bio-available phosphorus. Annual total phosphorus
exports were 7.5 and 13.0 mgTP/m2and 3.21 and 1.87 TDP/m2 (watershed area) for the two
small tributaries to the Athabasca River (Munn and Prepas (1986).

Potential Phosphorus Export

The Athabasca River and the Smoky River flow through the boreal forest region of Alberta for
the most part, although some of the drainage area of the Athabasca River is located in the
foothills region and some of the drainage area of the Smoky River is located in the Peace River
parkland region. Although forestry is the major land use, agriculture is important in the

McLeod, Pembina, Lesser Slave and La Biche sub-basins.

The study by Munn and Prepas (1986) provides valuable phosphorus export data for streams
running through glacial till underlying mixedwood forests that are dominated by spruce, pine and
poplar. The annual export coefficients for forested land from this study, 7.5 and 13 mg/m2 of
total phosphorus, agree closely with annual coefficients of 10 and 7 mg/m2for the forested region
of Lake Wabamun, Alberta (Mitchell 1985). The annual coefficients for export from mixed
agricultural areas into Lake Wabamun were 13-19 mg/m2total phosphorus. The average export
of total phosphorus from agricultural land in the Baptiste Lake watershed was 27 mg/m2 (Trew
et al. 1987).
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TABLE 2.5.2
Potential Export of Total Phosphorus from Drainage Areas in the Smoky River Basin

River Location Gross Effective Land Use Estimated
Drainage Drainage Annual Export
Area* Aread of Total
(km™*) (km*) Phosphorus
(kglyr)
Smoky Above Hells Creek 3 844 3 844 Forest 38 000
Muskeg Near Mouth 706 706 Forest 7 000
Kakwa 3 303 3 303 Forest 33 000
Cutbank 844 844 Forest 8 000
Wapiti At Highway 40 11 254 11 120 Agriculture/Forest 167 000
Simonette Near Goodwin 5 047 5 047 Forest 50 000
Little Smoky Near Guy 11 095 11 095 Agriculture/Forest 166 000
Other Drainage’ 14 170 13 631 Agriculture/Forest 204 000
Smoky4 At Watino 50 263 49 590 643 000
a. Water Survey of Canada gauging stations
b. Data from Agriculture Canada

Other drainage includes small streams and direct runoff to the Smoky River not included in the drainage
areas of the main tributaries.
d. Total drainage area for the Smoky River including tributaries listed above.

Point source loadings from pulp mills, other industries and municipalities in the Athabasca River
basin are in the order of 104 000 kg/yr total phosphorus compared to a potential non-point source
loading of 2 000 000 kg/yr total phosphorus. Anthropogenic point source loadings of total
phosphorus to the Athabasca River are about 5% of all potential loadings (point + non-point).
Based on the 1991 loading data, the total phosphorus loading to the Smoky River from large point
sources is 40 000 kg/yr. Grande Prairie sewage contributes about 16 000 kg/yr and the
Weyerhaeuser pulp mill contributes about 24 000 kg/yr. The phosphorus export from the
watershed excluding point sources is potentially 643 000 kg/yr. Thus, point source loading is
about 6% of all potential loadings (point + non-point). The Peace River has not been estimated

from watershed areas since the large reservoir in British Columbia acts as a major nutrient sink.

None of these percentages should be quoted as fact because, by necessity, they are based on
broad assumptions that may not be appropriate for specific basins. More significantly, not all

the phosphorus exported to third and fourth order streams in the watershed will reach the
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NOTE:

TOTAL NO. OF TAXA

a.

DISTANCE FROM MILL (km,scale irregular)

TOTAL NUMBER OF TAXA COLLECTED
FROM ALL REPLICATE BENTHIC
SAMPLES FROM EACH SITE.

FALL DATA FOR WELDWOOD ARE NOT
AVAILABLE.

Figure 4.1.1

TOTAL NUMBER OF BENTHIC
INVERTEBRATE TAXA AT SAMPLING
LOCATIONS ON THE ATHABASCA
RIVER IN THE SPRING (m) AND

FALL (O), 1991
(data from TAEM 1991c and
SENTAR Consultants Ltd. 1992b, 1992c)
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EPHEMEROPTERA AS % OF TOTAL
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THE PERCENTAGE ABUNDANCE OF
EPHEMEROPTERA (MAYFLIES) AT
SAMPLING LOCATIONS ON THE
ATHABASCA RIVER AND LESSER

SLAVE RIVER IN THE SPRING 1991
(data from TAEM 1991c and
SENTAR Consultants Ltd. 1992b. 1992c¢)
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In 1984, the Hinton mill changed consultants and the sampling method changed to instream
sampling of the natural benthic communities. There is consistency in the sampling method and
the number of samples since 1984. All sampling stations were chosen, as much as possible, for
comparable substrate, water depth and water velocity. The substrate was mainly cobble (60%-
95%) and gravel (5%-40%) underlain by sand. Epilithic chlorophylls data are presented in
Section 4.2.2. Five samples were collected at three stations upstream and six stations
downstream (Fig. 4.1.5) using the Neill cylinder sampler as recommended by Alberta
Environment (1990e). The entire samples were sorted and identified to genus except for
Nematoda. The taxonomic effort was consistent and thorough: for example, nineteen genera of
Chironomidae in five subfamilies were identified. Benthic invertebrate samples were collected
from three stations upstream of the Weldwood pulp mill effluent and six stations downstream to
a distance of about 44 km below the mill outfall. TAEM (1992b) estimated that the effluent,
which includes treated sewage from the Town of Hinton, was not completely mixed until about
9 km below the mill. This sequence of sampling provided data before and after the expansion
of the Weldwood mill.

One of the most important factors in the monitoring is the alteration between spring and fall
sampling. Samples were collected once each year during the summer of 1974; during the fall in
1976, 1979, 1990 and 1992 and during the spring in 1977, 1984, 1986, 1989, 1991 and, 1992.
TAEM (1992b) found higher numbers of organisms at the control stations in the fall. Anderson
also found that invertebrates were generally much more abundant in the fall. Both spring and
fall samples were collected for the first time in 1992. Because many insects have seasonal
patterns of emergence, a change of season or even a change of one month can alter the numerical

abundance of organisms and the species that are present.

The percent standard error of the mean (a measure of the deviation of the sample mean from the
population mean) has been determined by TAEM each year as a measure of sample reliability.
For benthic macroinvertebrate samples, a percent standard error of 20% is considered reasonable
(Elliott 1977). Historically, the percent standard error of 20% has not been exceeded since the

biomonitoring survey conducted in 1986 (Table 4.1.2), except for one control station in 1991.
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SENTTAR

BENTHIC INVERTEBRATE SAMPLING
SITES ON THE ATHABASCA RIVER

NEAR HINTON
(redrawn from TAEM 1991c)
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This separation in the first component accounted for 40% of the variance. The water quality
factor most often associated with Group (ii) is enrichment. Anderson (1989) noted that the

substrate of sites in Group (iii) included more sand and silt than the substrate of sites in Group

(ii).

In the 1 km to 6 km stretch of the river full lateral mixing of the effluent occurs only at low
flows, and invertebrates which inhabit the river edge were not consistently exposed to the effluent
(Anderson 1989). Further downstream where lateral mixing is always complete, the zoobenthos
were consistently exposed to the effluent. Changes which occur in this area could be due to

stress induced by the effluent.

Changes in species composition could also have been induced by site-to-site differences in
substrate (Anderson 1989). Standardization of substrate, flow velocity and sample depth was
attempted, but there were notable differences between sites. The coarse gravel and cobble with
interstitial silt and sand was most common, but substrates at the 20 km and 50 km sites had more

silt and sand than substrates at the 1 km and 6 km sites.

Weldwood of Canada Ltd. monitoring surveys showed a consistent increase in the number of
organisms at stations below the treated effluent (Table 4.1.3). There was an order of magnitude
increase in the number of organisms found 0.8 to 9 km downstream, during most spring surveys
with a return to background at 44 km downstream. Epilithic chlorophyll a also increased below
the effluent. The increase in invertebrates was not evident in samples from October 1990, the
only fall survey, primarily because the upstream numbers of organisms were also high.
Multivariate analysis of the 1991 and 1992 data showed an effluent effect on the benthic

community that is indicative of moderate nutrient enrichment (TAEM 1992Db).

There was an increase in the number of taxa at some of the downstream stations in 1991 and
1992, following the mill expansion to present capacity in February 1990 (Table 4.1.4). The
variety (richness) of taxa remained high in all years and the species identified each year were

similar to the species found in earlier surveys. A decrease in the diversity of the benthic
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Athabasca River Near Whitecourt

4.1.3.1 Review of Field Surveys and Methods

Alberta Newsprint Company (ANC) The CTMP mill began operating near Whitecourt in
August, 1990. From 1989 to 1991 SENTAR Consultants Ltd., formerly Beak Associates Ltd.,
conducted biannual benthic monitoring studies for ANC on the Athabasca River in the vicinity
of the ANC paper mill (Beak Associates 1990b, 1991b; SENTAR Consultants Ltd. 1992b).
Benthic invertebrate surveys were conducted in June and October, 1989 and May 1990 to provide
pre-operational data. Surveys in October 1990, and May and October 1991 provided post
operational (start-up) data. Five replicate samples were collected at seven sites using a modified
Neill-Hess cylinder sampler with a mesh size of 0.250 mm and enclosing an area of 0.0892 m2
All sampling sites were in riffle/run areas. Sites 1 and 2 were located upstream of the ANC mill;
sites 3, 4 and 5 were located between the outfall and the confluence with the McLeod River; and
sites 6 and 7 were located approximately 13 and 33 km downstream of ANC’s effluent (Fig.
4.1.6). The latter two sites are also downstream of the effluents discharged by the Millar
Western pulp mill and the Town of Whitecourt sewage treatment plant. Water velocity, depth
and substrate type were kept as similar as possible. Substrates were mainly cobbles and pebbles.
Sites 1to 3 and 7 were dominated by pebbles (61.5%-71.3%) while sites 4 and 6 were dominated
by cobbles (60.3% and 61.7%). Because it is not always possible to completely eliminate site
variation, substrates were classified and the mean particle size composition of loose substrates
was determined by sieving and weighing. The thickness of algal growth was also estimated.
There was a consistently high level of taxonomic effort; all benthic invertebrates were identified
to genus except Nematoda and Hydracarina identified to phyla. All Chironomidae were identified
and counted. The same taxonomist has been used for all survey years to provide consistency in
identifications. ANC requested EVS Consultants to critique the benthic invertebrate studies and
SENTAR'’s evaluations of the benthic data (EVS 1992b). This request was related primarily to

federal Environmental Effects Monitoring (EEM) requirements.

Millar Western Pulp Ltd. (Millar Western) The CTMP mill began operating on 2 August

1988. A baseline benthic invertebrate monitoring program was conducted during the spring and
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fall of 1987, and the spring of 1988 by Beak Associates Consulting Ltd. (Beak Associates 1988a,
1989a) for Millar Western Pulp Ltd to establish pre-operational conditions on the Athabasca River
and the McLeod River. Treated effluent was released at partial capacity during the first
post-operational monitoring in the fall of 1988. The monitoring program has continued (Beak
Associates 1989a, 1990a, 1991a, SENTAR Consultants 1992b). Two control sites (one on the
Athabasca River and one on the McLeod River), three potential impact and recovery sites (at 0.5,
2 and 4 km downstream of the effluent discharge), and three additional sites (at 10, 24 and 40 km
downstream) were established (Fig. 4.1.6). Data for left bank and right bank were collected
separately for the 0.5 and 2 km sites. Five replicates were collected at each site. Luoma and
Shelast (Beak Associates 1988a) concluded that the benthic invertebrate data for each season
should be analyzed separately and only data from the same season should be compared between
years to separate seasonality from effects due to water quality impacts from the mill. The
influence of the McLeod River flows must also be considered when interpreting results. Since
the surveys were done by Beak Associates/SENTAR Consultants, the sampling and analysis
methods are the same as described for the ANC surveys. The substrates were cobbles and

pebbles.

4.1.3.2 Results

Alberta Newsprint Company (ANC) The baseline data showed that most sites were supporting
a complex and diverse benthic community dominated by Ephemeroptera (mayflies) and
Chironomidae (midges); oligochaeta (aquatic worms) also dominated the May 1990 samples.
Diversity indices ranged from 1.83 to 2.87 in June 1989 indicating relatively high variability.
The mean number of taxa, mean standing crop and mean species diversity at most sites in the
spring of 1990 were lower than during the spring of 1989 due to natural factors. The benthic
community structure at all sites on the Athabasca River indicated the presence of mild organic
enrichment which was naturally occurring except at the seventh, most downstream, site which
was influenced by the Millar Western and Whitecourt sewage treatment effluents. The changes
noted by Beak Associates (1990b, 1991b) were a typical response to mild organic enrichment

which is largely natural.
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TABLE 4.1.6

The Mean Number of Benthic Invertebrate Taxa
Identified in Pre- and Post-Operational* Surveys by ANCb

Date Upstream Control Stations Downstream Experimental Stations
1 2 3 4 5 5 7
June 1989 21 25 23 22 20 32 32
October 1989 24 26 25 23 21 24 27
May 1990 14 19 18 31 11 12 13
October 1990 21 29 23 23 24 21 26
May 1991 9 7 6 5 10 8 10
October 1991 19 29 18 27 24 32 36
a. Pre-operational surveys included the spring and fall of 1989 and the spring of 1990, with start-up conditions
in the fall of 1990.
b. Data from Beak Associates 1990b, Beak Associates 1991b and SENTAR Consultants Ltd. 1992c.
TABLE 4.1.7

Mean Number of Benthic Invertebrates per Square Metre
Collected in Pre- and Post-Operational* Surveys by ANCb

Pre-operational surveys included the spring and fall of 1989 and the spring of 1990, with startup conditions
in the fall of 1990.

Data from Beak Associates 1990b, Beak Associates 1991b and SENTAR Consultants Ltd. 1992c.
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Detritivore/herbivore species dominated the community, followed by detritivores. Reciprocal
averaging (RA) analysis found that the dominant benthic community structures of the control sites

indicated mild organic enrichment, as did the downstream sites.

The mean standing crop of organisms was also higher at most sites during start-up conditions in
the fall of 1990 than during the pre-operational survey in 1989 and higher at all sites in the fall
of 1991 (Table 4.1.7). The mean species diversity reflected the changes in standing crop (Table
4.1.8). The diversity was generally lower in the fall of 1991 at background sites as well as
impacted sites.

EVS Consultants concluded that the ANC mill discharge has increased standing crop of organisms
particularly in the near field areas, without eliminating any taxa. As a result, diversity (Shannon-
Weaver diversity index) has decreased downstream of the discharge relative to upstream. These
changes are indicative of mild enrichment in addition to that already present prior to mill
operation (EVS 1992b). The results also demonstrate the importance of annual variation in the
benthic community due to natural factors such as high flows which effect upstream control sites
as well as downstream sites.

Millar Western Pulp Ltd. (Millar Western) Statistical analyses of the baseline benthic
invertebrate monitoring program conducted during 1987 indicated that there were significant
differences in numbers of taxa and numbers of organisms between sites and between sampling.
Significant interactions between site and sampling time appeared to be due to the influence of the
McLeod River on the 0.5 km site on the Athabasca River which is located immediately below
the McLeod River. The RA analysis of the benthic data indicated that the benthic community
structure at the McLeod River site differed from sites on the Athabasca River.

The monitoring continued in 1988 to establish an additional pre-operational survey in the spring
and the first survey of operational conditions in the fall (Beak Associates 1989a). The effluent
was released at less than capacity during this start-up period. The mean number of taxa were
similar in the fall of 1987 and 1988 (Table 4.1.9). Species diversity values measured during the
fall start-up were similar to background levels. There was no evidence of a deleterious effect by
the treated effluent on the mean number of benthic invertebrates in the Athabasca River in 1988
(Table 4.1.10).

13-089-01-01/Nutrient
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Date Upstream Control Downstream Experimental Stations
Stations
1 2 3 4 5 6 7 4A
June 1987 33 20 36 14 29 : :
November 1987 48 32 34 30 36 - - -
June 1988 45 20 33 33 31 — — —
October 1988 48 37 44 45 43 - - -
June 1989 41 20 35 25 32 22 27 32
October 1989 27 21 23 20 24 21 19 27
May 1990 19 1 27 26 12 17 13 15
October 1990 35 24 18 21 21 15 26 18
May 1991 16 10 8 4 8 8 10 9
October 1991 43 24 28 31 32 25 36 25
a. Pre-operational surveys included the spring and fall of 1987 and the spring of 1988. Treated effluent was
released at partial capacity during the fall of 1988.
b. Data from Beak Associates 1989a, 1990a, 1991a and SENTAR Consultants 1992b.
N7 1x-*-
E #& I "H# E
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Date Upstream Control Downstream Experimental Stations
Stations
1 2 3 4 5 6 7 4A
June 1987 11 108 2 807 13 796 697 7 408 — — _
November 1987 19 122 7 686 10 623 7 487 12 220 - - -
June 1988 42 760 7 204 17 070 6 478 10 756 — — —
October 19'88 63 735 23 643 46 522 28 890 29 314 - - -
June 1989 53 406 5 211 2774 1173 7 128 3935 5 287 23 359
October 1989 5 141 3 507 4 511 3 426 7 482 1980 5 937 9 670
May 1990 2278 702 4 206 5 984 735 1628 596 1415
October 1990 23 155 20 955 10 753 11 238 15 195 4 161 18 191 5 085
May 1991 760 316 . 186 54 148 152 200 233
October 1991 42 513 10 188 17 536 19 164 18 587 11 664 23 047 10 399
a. Pre-operational surveys included the spring and fall of 1987 and the spring of 1988. Treated effluent was
released at partial capacity during the fall of 1988.
b. Data from Beak Associates 1989a, 1990a, 1991a and SENTAR Consultants 1992b.
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4,14

4141

4142

A longitudinal gradient of organic enrichment was evident between sites on most surveys.
Although all sites appeared to be influenced by mild organic enrichment, it was more evident at
sites downstream of the pulp mill and Whitecourt sewage treatment discharges. Enrichment

appears to cause changes in the order of dominant taxa and shifts in the feeding group structure.

Lower Athabasca River

Historical Studies

The Alberta Oil Sands Environmental Research Program (AOSERP) which was conducted
primarily on the lower Athabasca River and its tributaries from 1975 to 1979 included benthic
invertebrate sampling (Crowther and Lade 1981; Hartland-Rowe et al. 1979). A wide variety
of samplers were used in this early work including artificial substrates, kick sampling, Surber
samplers and dredges. Invertebrate data for the Athabasca, Muskeg and Steepbank rivers were
gathered as baseline information in 1976 and 1977 (Barton and Wallace 1980). A comparative
study of benthic algal primary production was also conducted on five tributaries to the Athabasca
River in 1978 and 1979 (Charlton et al. 1981; Hickman et al. 1982; Charlton and Hickman
1984). Syncrude Canada Ltd. also studied the Athabasca and MacKay rivers; their study
included periphyton and macroinvertebrate data (McCart et al. 1977, 1978).

Benthic invertebrate monitoring continued into the early 1980°s. Data are also available from
eight sites in the Athabasca River from the Horse River upstream of Fort McMurray to the Tar
River confluence for 1981 (Walder and Mayhood 1985). In the following summer (1982), the
distribution and abundance of macrobenthos in the Athabasca River was sampled from Fort
McMurray to the Ells River (Boerger 1983).

Review of Field Surveys and Methods
The Alberta Environment long-term monitoring network had two sampling stations on the lower

reach of the Athabasca River: upstream of the Horse River (upstream of Fort McMurray) and

at the Embarras airstrip. Benthic invertebrates were sampled in the spring and fall from 1983

13-89-01-01/Nutrient
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4.1.5

415.1

Principal components analysis also identified these differences in year-to-year variability. In
particular, the tight cluster formed by lower Athabasca sites contrasted with the loose cluster in
spring and suggested that the community was more predictable in the fall than the spring in this
part of the river (Anderson 1991). Multivariate analysis did not separate the two sites in the

Hinton area nor the two sites in the Fort McMurray-Embarras area of the lower Athabasca River.

Multivariate analysis of detailed taxonomic data from the five years consistently separated the
invertebrate fauna from the upper and the lower Athabasca River sites. Taxa which accounted
most for this separation were characteristic of the upper Athabasca River sites, including

mayflies, stoneflies, caddisflies and mites.

Lesser Slave River

Review of Field Surveys and Methods

Slave Lake Pulp Corporation (Slave Lake) began operating its CTMP mill on the Lesser Slave
River in December 1990. Baseline benthic invertebrate surveys were conducted by EVS
Consultants Ltd. in May and October 1989, and May and September 1990 (EVS 1990, 1991).
In the first year of mill operation, benthic samples were collected in May and September 1991
(EVS 1992a).

The type of substrate changes substantially on the Lesser Slave River with fine sediments
dominating the upper reaches and cobble areas occurring in the lower reaches. Fine sediments
offer few spatial refugia and little opportunity for detritus to accumulate or primary producers
to become abundant. As a result, fewer invertebrate species and lower numbers of invertebrates
tend to colonize depositional substrates compared to gravel or stone (cobbles). Samples from
upstream and downstream depositional areas (stations 1, 7, 13, 18, 24 and 36 on Fig. 4.1.7) were
collected with a Ponar dredge. Samples from downstream cobble areas (stations 26, 37, 42 and
87 on Fig. 4.1.7) were collected using a Hess sampler. Six samples were collected at each of

the ten stations. Three replicates were collected along the upstream bank and three were collected
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Comparisons between operational (1991) and baseline (1990) data were done separately for
depositional (Ponar samples) and riffle habitats (Hess samples). In general, species richness
(adjusted for abundance) was higher at the near-field stations (downstream of the outfall but
upstream of the Otauwau River) during the spring and fall operational surveys (Table 4.1.13).
For the depositional habitats, dominance of midges (Chironomidae) or worms (Oligochaeta) was
not as pronounced at the near-field stations (EVS 1992a). The changes in the near-field stations
suggest mild enrichment of nutrients with no accompanying drop in dissolved oxygen levels (EVS
1992a). The average abundance (number/m2) shows a clear trend of increasing abundance with

increasing distance downstream (Table 4.1.14).

$ 4

<A 44/1+ 1" " 6" &

In the Peace River, gradients are apparent in water chemistry, substrate type, river discharge,
current velocity, and the slope of the riverbed (Shaw et al. 1990). All of these factors influence

zoobenthic distribution directly, or indirectly.

Along the upstream reach (i.e. BC/Alberta border to Smoky River), the substrate consists
primarily of loose cobble with some pebble and sand. This substrate is heterogeneous and offers
spatial refugia to a variety of invertebrates (Shaw et al. 1990). In addition, the amount of detritus
that may become trapped could contribute to spatial preference because detritus is a major source
of food for many invertebrates (Flecker and Allan 1984). The presence of epilithic algae, which
was most abundant in this reach, also contributes to the invertebrate food base. The net result

is a diverse and abundant invertebrate community in this reach (Shaw et al. 1990).
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Variable

Abundance

Species
Richness

Richness
(adjusted for

Ponar and Hess Samples on the Lesser Slave River

Ponar
Ponar

Ponar

Ponar

Ponar
Hess

Ponar
Hess

Hess

Hess

Ponar
Ponar

Ponar

Ponar

Ponar
Hess

Ponar
Hess

Hess

Hess

Ponar
Ponar

abundance)

ND
NC

Notes:
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Ponar

Ponar

Ponar
Hess

Ponar
Hess

Hess

Hess

Type of
Sampler

TABLE 4.1.13
Summary of Total Abundance and Species Richness for

Station

1

7

Mill Outfall
13

18

24

26

Otauwau River
36

37

Salteaux River
42

Driftwood River
87

1

7

Mill Outfall
13

18

24

26

Otauwau River
36

37

Salteaux River
42

Driftwood River
87

1

7

Min Outfau

13

18

24

26

Otauwau River
36

37

Salteaux River
42

Driftwood River
87

= No Data (not sampled)

= Not Calculated (excluded from analysis)

One outlier with low adjusted richness deleted
Values are geometric means
Data from EVS Consultants Ltd. 1992a

4.23

May

22
38

46
17
243
211

392
649

ND

ND

2.4
4.2

3.2
2.8
6.8
7.1

5.1
10.1

ND

ND

2.8
4.1

2.9
3.5
3.7
NC

2.3
NC

ND

ND

1989
Oct

131
67

252
58
317
1164

659
2630

5203

1554

5.8
3.4

6.7
4.0
8.4
13.5

7.6
14.9

15.8

121

4.8
3.6

NC

4.4
5.0

3.5

May

37

18
21

520

86
675

564

1124

4.2
1.4

2.3
3.5
2.2
10.9

7.2
11.4

12.8

16.5

4.1
3.3

2.9
4.2
3.4
10.9

5.5
11.2

12.7

15.8

1990
Sept

49
45

ND
31
68

1524

258
1826

ND

1067

5.1
5.1

ND
4.2
5.3
18.9

9.6
17.5

ND

18.1

7.8*
6.2

ND

5.9
5.5

6.2

May

27
22

62
12
21
221

170
482

963

303

13
1.9

6.7

3.7
10.9

4.6
12.0

15.9

13.9

1.4
2.2

5.7
3.8
4.3
115

2.7
12.1

15.4

14.4

1991
Sept

u

14
93
2734

1440
2479

2033

1760

1.4
13

2.2
3.8
8.8
151

9.9
13.0

15.8

2.8
3.2

NC

7.0
8.2

3.4
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Benthic invertebrate surveys have also been conducted by Monenco Consultants Ltd. (1990a,b,d;
1991a; 1992a,b) for Peace River Pulp Division of Daishowa Canada Co. Ltd. at Peace River,
Alberta. Benthic monitoring began July 1989 (Monenco 1990a) with subsequent monitoring each
spring and fall. Fourteen sampling sites were estabhshed from 14 km upstream to 55 km
downstream of the mill location (Fig. 4.1.9). This distance downstream was reduced to 30 km

in April 1991 and the number of sites has varied between ten and fourteen.

Five replicate samples were collected with a Hess cylindrical sampler; the Ponar dredge was used
in depositional areas. The substrate was predominantly large gravel to small cobble. Epilithic
chlorophyll a was not measured; therefore, information on key food resources is not available.
Benthic invertebrate densities were extremely low with a complete absence of organisms at some
locations. This may be due to high water levels inundating areas not normally covered with
water during most of the year. Some sampling sites may have only been underwater for a few
days to a few weeks. High velocities and turbidity restricted sampling to near shore areas. The
degree of taxonomic effort was less than that used by Alberta Environment. Insects such as
Ephemeroptera and Plecoptera were identified to the genus level, but Diptera (including
Chironomidae) were only identified to family. Since Chironomidae are often very diverse, the
number of taxa reported will not be comparable to the number reported by Alberta Environment.

4.1.6.3 Peace River Survey Results

A diverse assemblage of benthic invertebrates was collected by Alberta Environment (Shaw et
al. 1990) in the Peace River in 1987 and 1988; a total of 106 taxa was recorded in the 230
samples collected during these two years. The total number of taxa recorded in the synoptic
survey samples ranged from 9 (upstream Wood Buffalo National Park) to 46 (upstream Whitemud
River, left bank) (Table 4.1.15). The total number of taxa ranged from 19 to 46 at Carcajou and

all sites farther upstream, but was below 15 at all sites further downstream.
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TABLE 4.1.15
Total Number of Benthic Invertebrate Taxa in the Peace River*

4.27

_ 1987
Site
Spring Fall Spring

Border (left bank) 26 46 40
Border (right bank) 34 44 45
4.2 km Upstream Clear River (centre) 29 36
0.25 km Upstream Clear River (left bank) 24 39 33
0.25 km Upstream Clear River (right bank) 37 41 40
Dunvegan (left bank)
Above Smoky River
4 km Upstream Daishowa 19
3 km Upstream Daishowa 17
2 km Downstream Daishowa 30
5 km Downstream Daishowa 22
7 km Downstream Daishowa 29
17 km Downstream Daishowa 28
20 km Downstream Daishowa 35
32 km Downstream Daishowa 30
33 km Downstream Daishowa 24
35 km Downstream Daishowa 28
Above Notikewin River
Near Carcajou (centre)
Near La Crete
At Fort Vermilion
Above Wood Buffalo Park
Near Peace Point (centre)

a. Data from Shaw et al. (1990)
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19
26

24
31
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BENTHIC INVERTEBRATE SAMPLING
SITES ON THE WAPITI, SMOKY AND

PEACE RIVERS
(sites from Noton et al. 1989)
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Benthic biota (algae, invertebrates) in the Wapiti-Smoky River system show evidence of
enrichment (eutrophication). There is no evidence of toxicity which may mean that either there
is no toxicity or the effect of enrichment exceeds that of toxicity. Effluents from the
Weyerhaeuser pulp mill appear to be the main cause of the impacts although treated sewage and
urban runoff from Grande Prairie as well as tributary inflows also contribute nutrients (Noton
1992). The number of organisms and number of taxa increase downstream of the Weyerhaeuser
pulp mill and Grande Prairie sewage treatment plant outfall (Noton et al. 1989). The two recent
benthic surveys of October 1989 and February 1991 both indicated that the main effect on benthic
biota in the Wapiti River is one of enrichment (Noton 1992). Both benthic chlorophyll a and
benthic invertebrates tended to be more abundant downstream of the effluents, at least in shallow
water. Sampling was not carried out in the deeper parts of the river. The zoobenthos data for
the winter of 1991 had not been analyzed in detail when Noton made his comments in 1992, but
the data available from that survey did not show toxic effects, based on the taxonomic
composition and abundance of invertebrates. Total numbers were higher downstream of the
effluents while the number of taxa were approximately the same upstream and downstream.
There appeared to be some decline in mayflies and stoneflies downstream of the effluents but it
is not known whether this was due to eutrophication or toxicity. These groups are known to
decline in enriched situations whereas chironomids and aquatic worms generally increase, as was

the case.

4.1.7.3 Weyerhaeuser Results

TAEM (1992a) found that the relative composition of the benthic community in the Wapiti River
was altered by the effluents. The October 1990 data show an enrichment effect, a relative
increase in chironomid numbers over mayfly and stonefly numbers, but the April 1991 data do
not demonstrate this. Tthe benthic macroinvertebrate community sampled in October 1990 at
control stations Cl, C2 and C3 (Fig. 4.1.12), was dominated by three taxonomic groups:
Ephemeroptera (48.48%), Plecoptera (26.56%) and Chironomidae (17.31%) comprising about
92% of the population. At stations C4S, C4S and C6S located below the city sewage effluent,
there was a shift in the ranking of the major taxonomic groups in the population. The population
was dominated by Chironomidae (77.31 %); the Ephemeroptera (11.83%) and Plecoptera (4.71%)
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4.2.1 Athabasca River

K $-//% NJI> -0 -Ji ) Y ) )
$ ) 179%%* ) 1)) ( &# ") ) )
"o W &l # ) *
# ( 00 900 & &9') )
#'8&& (& &H& ) /00 & &9 LS ) ) %
TABLE 4.2.1

Range of Median Epilithic Chlorophyll Concentrations (mg/m32 in Alberta Rivers3

River Above Discharges Below Discharges
Milk 18.6b 6.1 - 176.5
Oldman 22.8 - 30.7 89.5 - 163.2
Bow 23.5-39.3 111.9 - 393.9
Highwood 36.8 - 47.6 132.5 - 176.3
South Saskatchewan 19-6.9 41.8b
Red Deer 19.6b 54.8 - 224.9
North Saskatchewan 0.2 -12.9 8.5 - 1794
Pembina - 23.5-70.4
Lovett 8.3b 47.3 - 63.2
McLeod 4.1 -42.8 50.4 - 201.7
Gregg 4.3b 110.4b
Athabasca 0.6 - 12.7

a. Data from Yonge (1988). The data were not sorted by season; effects related to different sampling dates

were not evaluated.

b. Median for single stations from 1980 to 1988.

K $-./% # Y ) n , o
) $0*=1< -9*A & &% ) &) ror

) & & # & &) 5 E# ) $0*A<A /%9

o Note: TAEM (Table 4.2.3) found greater concentrations which are as high as those for southern Alberta rivers.
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The Athabasca River generally has high flows, high turbulence and, therefore, high levels of
suspended solids during the summer months, resulting in poor light penetration and scouring.
Epilithic algal densities are relatively low in the summer, in spite of the optimum temperature
conditions. Flows and suspended solids decrease in the fall and epilithic algal densities generally
increase (Noton 1990a). Substrates that are coarse and more stable provide better substrate for
the growth of epilithic algae. These occur especially in the Hinton to Fort Assiniboine area and
again in the Calling River to Fort McMurray area. Higher values for epilithic algae tend to occur
between Hinton and Whitecourt, and also in the Calling River to Fort McMurray area (Noton
19904a).

Athabasca River Near Hinton

Epilithic chlorophyll data are available from a survey on the upper Athabasca River by
Anderson (1989). It evaluated the effects of the combined pulp mill and municipal effluent

discharged at Hinton from May to October, 1984.

Very low chlorophyll values (< 2.00 mg/m2 were measured in June and July at both upstream
and downstream locations. At this time of year, high water velocities and high suspended solids
loads scour the river bed. High water levels also make submerged rocks less accessible

introducing a potential sampling error.

Differences between the chlorophyll levels upstream of Hinton and 50 km downstream were
measured in the fall. In September, 1984, concentrations of 10.2 and 18.5 mg/m2chlorophyll

were recorded above and 50 km below the effluent outfall, respectively. In October 1984, values
of 12.3 and 53.8 mg/m2 chlorophyll were recorded at the same sites. The maximum value of
about 85 mg/m2was recorded about 20 km downstream on the right side of the river. All sites
sampled downstream of the effluent outfall had epilithic chlorophyll values greater than
30 mg/m2, whereas the concentration upstream was below 15 mg/m2. With minor exceptions,
1984-85 epilithic chlorophyll levels, for both mainstem and tributary sites were highest in

September and October. Densities were extremely low during June and July when river flows
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