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RFPORT SUMMARY

This synthesis report pertains to the assessment o f acute and chronic effects o f pulp mill effluents 
discharged in the northern rivers. It is based on existing reports, data and review papers. It includes 
a discussion o f the ecotoxicological significance o f the effluents, information gaps and further 
monitoring or study needed to fill these gaps. The study area includes the Peace River, the 
Athabasca River and the Slave River within Alberta and the Northwest Territories as well as their 
major tributaries.

Ecotoxicology does not merely evaluate the acute and chronic toxicity o f the pulp mill effluent on the 
biological side o f an individual organism; it is also concerned with toxic effects on populations and 
communities within the river receiving the effluent. This report identifies factors affecting the 
potential toxicity to organisms in the river, and provides a summary of the variety o f methods used, 
including their advantages and disadvantages. Data on the toxicity o f pulp mill effluents areas in the 
Northern River Basins Study (NRBS) are available because:

(1) testing is required under provincial licenses and federal pulp and paper regulations,

(2) baseline studies are required by environmental impact assessment reviews,

(3) Environmental Effects Monitoring (EEM) is required under federal regulations, and

(4) special studies have been conducted by the industry, NRBS and Alberta Environmental 
Protection.

One o f the standard measures of the toxicity o f pulp mill effluents is the monthly rainbow trout 96- 
hour bioassay and the weekly �������������  48-hour bioassay. A review of the effluent from four 
o f the pulp mills (Alberta-Pacific Forest Industries Inc., Alberta Newsprint Company Ltd., 
Daishowa-Marubeni International Ltd. and Weldwood o f Canada Ltd.) shows that they have been 
essentially non-toxic following mill start-up. The three remaining mills (Millar Western Pulp 
(Whitecourt) Ltd., Slave Lake Pulp Corporation and Weyerhaeuser Canada Ltd.) have had a 
significant number o f failures o f the rainbow trout bioassay at some time, although not recently. 
There were no failures in 1994. Where causes o f the failures could be determined, they were 
attributed to high concentrations o f ammonia and high pH. Conditions that occur in the static 
bioassay test, increase the toxicity o f the effluent. After reviewing contaminant loadings in pulp mill 
effluent for another NRBS report, McCubbin and Folke (1992) concluded that the remaining acute 
toxicity is not caused by organochlorine substances or chelating agents.

The concept o f toxicity loading to the receiving water (similar to BOD loading or contaminant 
loading) does not apply. Very few acute bioassays are failed so that there is usually no loading. In 
addition, pulp mills must begin a toxicity reduction evaluation (TRE) immediately to correct the 
problem if a failure occurs.

Chronic bioassays are included in the first cycle o f the environmental effects monitoring (EEM) 
required under federal regulation. Results o f the chronic bioassays, although preliminary, show little 
or no effect o f pulp mill effluent on larval stages of fathead minnow. Reproduction o f the 
invertebrate ������������������  was impaired by effluents from all mills, although there was little or 
no mortality. The growth o f the algae ������������  ���� �������  was affected by effluents from 
some of the mills.

13-089-31-04/NRBS
Ecotoxicity of Pulp Mills
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1.2 PULP AND N EW SPRINT M ILLS IN TH E STUDY AREA

1.2.1 Study Area

The study area includes the Peace River, the Athabasca River and the Slave River within Alberta and 
the Northwest Territories (Figure 1). The study includes major tributaries to these three rivers: the 
Wapiti River, the Smoky River and the Lesser Slave River.

The Athabasca River is a large, unregulated, northern river which exhibits seasonal and longitudinal 
variation in water quality as a result o f inputs from relatively large tributaries and anthropogenic 
sources such as pulp mill, municipal and oil extraction effluents (Hamilton ��� ��!  1985; Noton and 
Shaw 1989). There are five operating pulp mills on the Athabasca River (Figure 2). Four are on the 
mainstem o f the river and one is on its tributary, the Lesser Slave River. The major city is Fort 
McMurray and the larger towns near the mainstem of the river include Jasper, Hinton and 
Whitecourt. Logging is the dominant land use activity in the watershed. Most agricultural activity 
occurs south o f the mainstem river between the towns of Athabasca and Edson (Hamilton ��� ��!  
1985). Although there are sawmills located throughout the basin (Hamilton ��� ��!  1985), most do 
not discharge effluent to the river. Conventional oil and gas development in the basin is extensive. 
The largest non-pulp mill industrial activity is the surface mining and extraction o f tar sands.

Therefore, potential sources o f ecotoxicity within the Athabasca River Basin include major point- 
sources on the mainstem such as pulp mill effluents, continuous municipal discharges and oil 
extraction effluent. Periodic discharges o f municipal effluents (usually from lagoons), gas plants and 
sawmills are potential sources o f minor inputs within the basin generally. Logging and agricultural 
activities (e.g. the use o f herbicides and pesticides) are potential non-point (diffuse) sources of 
ecotoxicity. Logging and agriculture also impact the aquatic ecosystems of the tributaries through 
their alteration o f the landscape.

The Peace River originates in north-eastern British Columbia and flows through Williston Reservoir 
before it enters Alberta. It is regulated at the Bennett Dam. The entire Peace River Basin is sparsely 
populated and largely undeveloped except for areas o f agricultural activity. The largest municipality 
in the Peace River in Alberta basin is Grande Prairie. The three largest industries in the Alberta 
portion o f the basin are associated with forestry; the Weyerhaeuser Canada Ltd. (formerly the 
Procter & Gamble Cellulose Ltd.) pulp mill, the Daishowa-Marubeni International Ltd.'s pulp mill 
and the Canadian Forest Products Ltd. sawmill. The largest point-source is the Weyerhaeuser pulp 
mill at Grande Prairie, which discharges treated effluent to the Wapiti River, a tributary of the Smoky 
River (Figure 3).

The Slave River Basin is sparsely populated. Fort Smith, located near the Northwest Territories- 
Alberta border, is the only town discharging treated sewage to the river on a continuous basis 
(Figure 1). There are no pulp mills or other major industries on the Slave River.

1.2.2 Pulp and Newsprint Mills

There are four operating mills on the mainstem of the Athabasca River and one on its tributary, the 
Lesser Slave River (Figure 2). O f the five mills on the Peace River, only two are in Alberta; one on 
the mainstem and the other on the Wapiti-Smoky River system (Figure 3). There are differences in 
the type o f mill process and the wastewater treatment used at Alberta pulp mills (Table 1). Mills in 
the NRBS area produce kraft pulp and chemi-thermomechanical pulp (CTMP). The two types of 
wastewater treatment in use are: aerated stabilization basins (ASB), and activated sludge treatment
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This bleached kraft pulp mill can process either hardwood or softwood. It uses hardwood 
approximately 70% o f the time. It is designed as a single-line operation that alternately processes 
hardwood and softwood pulps in runs lasting several weeks each. They are currently at 70% 
substitution of chlorine dioxide. Mill features that relate to toxicity reduction include an oxygen 
delignification system, both a primary clarifier and a secondary (ASB) treatment system with a ten- 
day retention time for mill effluent, an emergency spill pond, and a collection system for recycling 
discharges from process upsets. To enhance biological treatment, nutrients (nitrogen and 
phosphorus) are added to the effluent. The effluent from the ASB is discharged to the Peace River 
approximately 19 km downstream of the Town of Peace River (Figure 3) which discharges treated 
sewage. The mill began operations in July 1990 and there have been no notable physical changes to 
the wastewater treatment process since start-up.

+�((���Q'��'� � �Q&��'3�#��)� �#(0� ��/�� �+�((���Q'��'� )� Millar Western operates a two-line 
alkaline-peroxide pulp (APP) mill at Whitecourt about 10 km downstream from the ANC mill. 
Generally, line one produces softwood tissue and towel grades while line two produces hardwood 
printing and writing grades. The wood chip supply is generally 50% softwood (about 65%-70% 
spruce and 30%-35% pine) and 50% hardwood (aspen). The McLeod River serves as a source of 
water for process use. Treated effluent is discharged to the Athabasca River (Figure 2) which also 
receives treated effluent from the ANC mill and Whitecourt. The mill began operating in July, 1988, 
but treated effluent volumes were less than capacity during the fall of that year.

The effluent treatment system of the Millar Western mill was originally designed and built as an ASB, 
but it was changed to an activated sludge treatment (AST) process with extended aeration in the fall 
o f 1989. Wastewater treatment currently comprises three steps: pretreatment, primary treatment and 
AST secondary treatment. Approximately 30% of the total wastewater flow is directed to 
pretreatment by a traveling bar screen to remove solids (chips, etc.). Wastewater streams collected 
in the floor trench system receive treatment in the primary clarifier, a 15,000 m3/d, 6-hour retention 
time solids reactor clarifier. The primary clarifier discharge combines with two other streams that do 
not require clarification to form the influent to the extended aeration AST. The retention time in the
150,000 m3 biobasin o f  the AST is approximately 10 days.

<(�1'� ��:'� �#(0� ���0������ � �<���)� Construction o f the bleached CTMP mill owned by the 
Slave Lake Pulp Corporation was completed in December, 1990. The mill uses both hardwood and 
softwood. Pulp bleaching is performed in a two-stage high consistency alkaline peroxide process. 
The produced pulp is completely chlorine free. Water use for pulp production is very low at only 
18 rn/ADt.

The SLPC mill has an extended aeration AST system which has been modified since 1990 to improve 
effluent quality. In the summer of 1992, a second secondary clarifier was added to control 
suspended sediment losses. Optimization o f nutrient addition to the biological system has removed 
the toxicity o f the effluent as measured by rainbow trout bioassay. Effluent from this mill is 
discharged to the Lesser Slave River (Figure 2) which also receives treated sewage from the Town of 
Slave Lake.

Q'(/"��/� ����� �/����/�� �Q'(/"��/)� The Hinton bleached kraft pulp mill has been in operation 
since 1957. The mill has always used softwood (about 75% pine and 25% spruce). Municipal 
sewage from Hinton is combined with the mill effluent and both are discharged to the Athabasca 
River (Figure 2). 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
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1 .3 .3 .2  B io m a r k e r s

Biomarkers are a recent and sophisticated approach to testing the response of an organism living in 
the receiving environment to an effluent. Biomarker measurements use a very different approach to 
the assessment o f the exposure o f an aquatic organism than chemical methods. Biomarkers are 
biological responses to exposure (Cormier and Racine 1992). Biomarkers do not necessarily detect 
the actual presence o f the toxicant or even its by-products.

A biomarker is a xenobiotically-induced variation in cellular or biochemical components or 
processes, structures, or functions that is measurable in a biological system or sample (NRC 1987). 
Typically, these biomarkers are changes in the activity o f enzymes or in the level o f a specific 
biogenic compound (Peakall 1992). A broad range o f biomarkers are available including biomarkers 
of the nervous system (inhibition o f acetylcholinesterase, catecholamines and neurotransterases), 
reproductive system (effects on the breeding cycle, embryos, reproductive hormones), genetic 
material (changes in the RNA:DNA ratio, DNA strand breakage, etc.), hepatic mixed function 
oxidases (e.g. EROD activity), thyroid function, disruptions o f haem biosynthesis (e.g. inhibition of 
the enzyme ALAD), and the immune system (Peakall 1992). Some biomarkers are non-specific 
responding to a wide range of pollutants, while others are much more specific. For example, the 
inhibition o f aminolevulinic acid dehydratase (ALAD) is specific to the presence of lead. Use of 
biomarkers is based on the assumption that contaminant effects occur and can be detected at genetic, 
cellular, or tissue levels before disturbances occur at population or assemblage levels.

The challenges and obstacles to be addressed when using biomarkers in an ecotoxicity study or 
monitoring program (McCarthy 1990) are:

■ The quantitative and qualitative relationships between chemical exposure, biomarker response 
and adverse effects must be established.

■ Responses due to chemical exposure must be able to be distinguished from natural sources of 
variability (ecological and physiological variables, species-specific differences, and individual 
variability).

■ The validity o f extrapolating between biomarker responses measured in individual organisms 
and some higher-level effect at a population or community level must be established.

To be useful, biomarkers should respond to effluents, or contaminants in the effluent, in a dose- 
dependent manner over a range o f doses that are relevant to the environment. Biomarker response 
must be related to adverse effects. I f  a biomarker shows an abnormal physiological state, this may, 
or may not, be harmful. For example, Munkittrick et al. (1994) has shown that hepatic 
ethoxyresorufin O-deethylase (EROD) activity levels associated with pulp mill effluents (Munkittrick 
et al. 1993) were not correlated with measurements o f reproductive capacity in wild fish such as 
gonad size and measurements of circulating steroids.

The biomarkers that have been used the most extensively with respect to effects from pulp mill 
effluents are hepatic mixed function oxygenase (MFO) activity and plasma levels of sex steroids. 
MFO enzyme activity is measured as EROD induction. Biomarkers have been measured in fish 
caught in waters receiving pulp mill effluents. Due to the mobility o f fish, the number o f  potential 
point and non-point sources on a large river, and the complexity o f pulp mill effluents, the challenges 
cited by McCarthy (1990) have not yet been met. However, biomarkers have been successfully used
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Table 4: M onitoring Requirem ents for Subsequent Cycles of EEM  Based on Examples of 
Potential Effects*

Effect Variables

Any or no detected effects. Repeat requirements o f first cycle employing statistically- 
based design.

Significant increases in fish weight, 
length, reproductive capacity, etc. 
in exposure area relative to 
reference area indicating habitat 
enrichment.

Incorporate far-field sampling site in adult fish survey 
and/or establish further appropriate fish population 
studies.

Eutrophication tests selected from algal, periphyton 
surveys, measures o f primary productivity.

Others

Significant decreases in fish weight, 
length, reproductive capacity, or 
reduced availability or absence of 
fish in exposure area relative to 
reference area suggesting toxic 
effects.

Incorporate far-field sampling site in adult fish survey 
and/or establish further appropriate fish population 
studies.

In situ or laboratory toxicity tests to assess direct effects 
on fish as selected from fish early life stage development 
test, invertebrate reproduction test, and in situ fish 
lethality test.

Others

Significant changes in invertebrate 
community structure, species 
dominance or biomass in exposure 
area relative to reference area(s) 
suggesting organic enrichment of 
sediments.

Significant changes in invertebrate 
community structure, species 
dominance or biomass in exposure 
area relative to reference area(s) 
suggesting toxic conditions in 
sediments.

Accumulation of chemicals in fish 
tissues at, or approaching, levels 
prejudicial to human health or 
utilization of the resource.

Sediment enrichment tests or variables selected from 
organic carbon, redox potential, chemical/physical 
characterization o f sediment.

Others

In situ or laboratory tests to assess effects on habitat or 
indirect effects on fish as selected from invertebrate 
survival and growth, and amphipod survival.

Other sediment toxicity tests.

Expansion of sampling for dioxins and fiirans in tissue. 

Assessment o f sediment contamination by dioxins. 

Others.

a. from Environment Canada and Department of Fisheries and Oceans 1992.
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sites are subject to review as new information and needs arise. Surveys and assessments will 
continue on an “as required41 basis. Potentially, some recommendations o f the NRBS could be 
addressed by such work. The winter synoptic survey on the Athabasca River will be carried out one 
more year (winter 95-96) which will give three winter surveys with the last new pulp mill in 
operation. At that point, the need for the synoptic survey will be reviewed.

2.3.2 Industrial

Each pulp mill conducts the effluent monitoring and biomonitoring (benthic invertebrate monitoring) 
required by their Approvals as described earlier in section 2.2.2, as well as receiving stream 
monitoring, such as winter water quality monitoring, that is not directly relevant to ecotoxicity and, 
therefore, not described in section 2.2.2. Beyond this level o f effort, some mills have conducted 
special studies, but only the Slave Lake Pulp Corporation and the Alberta-Pacific Forest Industries 
Inc. mills developed comprehensive monitoring programs related to ecotoxicity that go well beyond 
the license requirements.

2.3.2.1 Slave Lake Pulp C orporation

The SLPC environmental monitoring program was designed to address a series o f data gaps 
identified during the EIA process. The program consists o f a set of baseline surveys followed by 
instream monitoring o f the Lesser Slave River during mill operations.

Baseline studies were conducted in 1989 and 1990, and included monitoring water and sediment 
chemistry, diurnal dissolved oxygen, bacteria (total and fecal coliform), periphyton (chlorophyll �  
and species identification), benthic invertebrates and fish (longnose sucker and white sucker 
population data, male and female growth, condition, gonad weight, egg weight, liver weight, 
fecundity and age). In addition to the primary data collection, information on river hydrology and 
habitat was compiled in order to collate all information on the Lesser Slave River into a single 
source. A sentinel fish monitoring framework known as PISCES (Population Indicators o f Sublethal 
Contaminant Effects on Suckers) (Munkittrick and Dixon, 1989a,b) was initiated to assess effects of 
mill effluent on fish population in the Lesser Slave River. Although, the benthic invertebrate 
monitoring was common to other mills, the sentinel fish monitoring and other components, such as 
periphyton species identification, extend beyond that done elsewhere.

2.3.3.3 A lberta-Pacific Forest Industries Inc.

To address information deficiencies identified during the EIA review process, Alberta-Pacific 
commissioned a baseline monitoring study in the reach of the Athabasca River from the Town of 
Athabasca downstream to Grand Rapids, a distance o f approximately 257 km. The objective o f the 
study was to develop a complete database on the aquatic resources o f the study area that would meet 
all regulatory requirements and serve as a reference for future operational monitoring programs.

The baseline monitoring commenced in April 1991 and continued until mill start-up in 1993, 
(SENTAR, 1994) using a flexible approach which allowed the study scope to be reviewed and 
optimized as data became available. The study components and the methods used to collect 
information about each are outlined in Table 5.
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%�-���� "��"���������� ��� -��"�� &��- ��� ��� �!!�"��$� 4��0=5� ���#%$� *�� �$����!��$(� �""��$��&� ��� ����
&#�$�%����,� ������ "��� ����� *�� #��$� ��� $���� ���� ���� �������%$� �!!�"�� "��"���������� 4�0=56� �����
"��"�����������*�'��-��"������!!�"������#�'�'�%����&��-��� ���*���+��"��$(

�(8(8� � ��#%��

�#  ������ � !�"�����"� ��+�"���� �������� ���'�$�$� ��� �0.���� *�� ���� ��'��� �#%��  �%%�� -���� ��&�%��
'����$� ��� *���� ������������� ��$� "� ��������� � !�$���� 4���� ��*%��� 8A� ;� 8J5(� ��� ���� �� �� � !�-�����&,�
"�����"� ��+�"����$����- ����#��'��%�*%�� !�� � ���� ��%%���>������� �#%��  �%%(� ��%%�� ���� ���� ��7#���$� ���
�#* ��� ����� 00� � $���� #���%� ���� ��$� � !����� !����� "�"%�1� �����!���,� ���� $���� ���'�$�$� ��� ����� �� �� ���
���%� �����(� �� �� �%%����'������"� �%���$�����!�����"�"%�(

Table 20: Summary of Chronic Toxicity Results (as % effluent) for the Alberta Newsprint Company�
Ltd. Effluent _________

D ate
(m o n th  o n ly )

N O E C

Ceriodaphnia dubia 7 -d a y Mortality March R � A A

June � A A

Reproduction March 50
June 25

F a th e a d  M in n o w  7 -d a y Mortality March � A A

June � A A

Growth March � A A

June � A A

A lg a l  G r o w th  (Selenastrum) Growth March 12.5
7 2 -h o u r June 12.5

Summary data provided by Alberta Newsprint Company Ltd.

Table 21: Summary of Chronic Toxicity Results (as % effluent) for Alberta-Pacific Forest Industries
Inc. Effluent

D ate LCso
(D -M -Y )

Ceriodaphnia dubia 7 -d a y Mortality 09-11-93 � A A

23-11-93 � A A

24-11-93 � A A

02-03-93 80
06-06-94 80
06-09-94 � A A

F a th e a d  M in n o w  7 -d a y Mortality 09-11-93 � A A

24-11-93 � A A

02-03-94 � A A

06-06-94 � A A

09-06-94 � A A

12-12-94 85
A lg a l  G r o w th  (Selenastrum) Growth 09-11-93 � A A

7 2 -h o u r 06-06-94 � A A

06-09-94 � :

12-12-94 8.9*
25-01-95 � :

a Lab error
Summary data provided by Alberta-Pacific Forest Industries Inc.
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Table 23: Summary of Chronic Toxicity Results (as %  effluent) for Slave Lake Pulp Corporation

D ate
(D -M -Y )

NOEC LOEC LC« LCjfl

������������������ Mortality 23-02-94 12.5 25 15 26
7-day 21-04-94 25 50 39 56

02-05-94 100 N /A >100 >100
08-07-94 50 100 41 63
21-11-94 25 50 12 60

IC25 ICso

Reproduction 23-02-94 6.25 12.5 8 11
21-04-94 12.5 25 17 22
02-05-94 25 50 29 41
08-07-94 12.5 25 15 20
21-11-94 25 50 12 33

F athead  M innow LC25 LCs*

7-day Mortality 23-02-94 100 N /A >100 >100
21-04-94 100 N /A >100 >100
02-05-94 � � � �

08-07-94 100 N /A >100 >100
21-11-94 100 N /A >100 >100

"( �4 ICso

Growth 23-02-94 100 N /A >100 >100
21-04-94 50 100 97 100
02-05-94 � � � �

08-07-94 100 N /A >100 >100
21-11-94 100 N /A >100 >100

A lg a l G rowth :��� ICso

(������������; Growth 23-02-94 6.25 12.5 4 10
72-hour 21-04-94 25 50 25 35

02-05-94 � � � �

08-07-94 25 50 30 41
21-11-94 25 50 44 71

Data for summary table provided by Slave Lake Pulp Corporation

13-089-31-04/NRBS
Ecotoxicity of Pulp Mills
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��*%��896� �#  �����!�=�����"���+�"�������#%���4���K ��!!%#���5�!���>�%$-��$��!�=���$���� ���$(
?������2�'�����

D ate
(D -M -Y )

N O E C L O E C L C « a LCsfl�

Ceriodaphnia dubia Mortality 03-08-93 100 N A >100 >100
7-day 01-03-94 60 80 68 (40-75) 78 (77-79)

28-06-94 60 80 64 (59-66) 70 (66-72)
02-08-94 100 N A >100 >100
04-10-94 80 100 82 (68-95) >100

IC8J ICso
Reproduction 03-08-93 80 100 79 (57-88) >100

01-03-94 60 81 5 4 (3 1 -6 8 ) 69 (60-76)
28-06-94 40 60 51 (45-55) 62 (56-65)
02-08-94 20 40 41 (34^49) 56 (48-63)
04-10-94 60 80 67  (54-71) 75 (80-82)

Fathead M innow L  Cu LCso
7-day Mortality 03-08-93 80 100 >100 >100

01-03-94 100 N A >100 >100
28-06-94 100 N A >100 >100
02-08-94 100 N A >100 >100
04-10-94 100 N A >100 >100

ic25 ICso
Growth 03-08-93 100 N A >100 >100

01-03-94 100 N A >100 >100
28-06-94 100 N A >100 >100
02-08-94 100 N A >100 >100
04-10-94 80 100 98 (92-100) >100

A lgal Growth IC 8J ICso
(Selenastrum) Growth 03-08-93 100 >100 >100 >100
72-hour 01-03-94 6.25 12.5 14 (5-40) >100

28-06-94 100 >100 >100 >100
02-08-94 25 50 >100 >100
04-10-94 >100 N A >100 >100

a. 95% confidence lim its bracketed.
Summary data provided by W eldwood o f  Canada Limited, Hinton D ivision
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����������

42;�;�5 2#�%�"��� 2#�%�"��� 2#�%�"��� 2#�%�"���
� ����������� �����%��� A�;�8;�8 R�AA R�AA R�AA
����� A	;A�;�� �8(J 8J �: ��
	;$�� 89;A�;�� JA �AA �� :�

A8;A�;�� 8J JA �: 98
A8;A8;�� 8J JA 8� 9J
AJ;A8;�� R�AA R�AA R�AA R�AA
A	;A8;�� �AA R�AA R�AA R�AA
A�;A8;�� �AA R�AA 8� �AA R�AA
��;A8;�� �AA R�AA R�AA R�AA R�AA
�9;A8;�� JA �AA 88 �J R�AA
�:;A8;�� �AA R�AA R�AA R�AA JA
��;A8;�� �AA R�AA R�AA R�AA J8(:
8�;A8;�� �AA R�AA R�AA R�AA �AA
8�;A8;�� �AA R�AA R�AA R�AA �AA
8:;A8;�� �AA R�AA R�AA R�AA �AA
A�;A�;�� �AA R�AA R�AA R�AA JA
A�;A�;�� �AA R�AA R�AA R�AA
AJ;A�;�� R�AA
A�;A�;�� R�AA
�A;A�;�� R�AA
A�;�8;�� JA R�AA
AJ;A�;�9 �AA R�AA
A8;A8;�9 �AA R�AA
A8;A�;�9 �AA R�AA
A�;��;�9 �AA R�AA
�9;�8;�9 �AA R�AA
A9;A�;�J �AA R�AA
A�;A8;�J �AA R�AA
A�;A�;�J �AA R�AA

)=� )= E
�����$#"���� A�;�8;�8 �8(J 8J �� 8:

A	;A�;�� �8(J
89;A�;�� Y:(8J :(8J 8 9
A8;A�;�� Y�(�8J R�AA 8 J
A8;A8;�� �(�8J :(8J 9 J
AJ;A8;�� �(�	J �8(J 	 ��
A	;A8;�� �(�	J �8 � �8
A�;A8;�� �(�	J �8(J �8(J 8J 	 8J(	 � �J(	
��;A8;�� 8J JA JA �AA �	 ��(	 �8 J�(J
�9;A8;�� �8(J 8J 8J JA 	 8A(� � ��(	
�:;A8;�� �8(J �(�	 8J �8(J � �(8 �� �	(J
��;A8;�� �8(J :(8J 8J �(�	 �J 	(�8 89 �A(:
8�;A�;�� 8J JA JA �AA �9 :8(: J	 �J(8
8�;A8;�� �AA JA R�AA �AA R�AA :�(J R�AA �9(	
8:;A8;�� �AA JA ; �AA 	9 :�(J R�AA �A(:
A�;A�;�� JA �AA 98 :�
A�;A�;�� 8J 8J JA JA �: 9�(9 JJ 	A

4��;9A5 49�;:�5
AJ;A�;�� JA �AA :J ��(J
A�;A�;�� 8J JA �:(9 J�(�
�A;A�;�� �8(J 8J 8�(� 9	(8
A�;�8;�� 8J JA �	(J
AJ;A�;�9 8J JA �8
A8;A8;�9 JA �AA ��
A8;A�;�9 JA �AA J� 	�(8
A�;��;�9 8J JA
�9;�8;�9 JA �AA J:(� ��(�
A9;A�;�J JA �AA J�(� �8

4J�(	;:J(J5 4		(9;�:(:5
A�;A8;�J JA �AA 9	(	 ::(9
A�;A�;�J �8(J 8J 8�(� �	(:

=�����#�$

��;A��;��;A9B.�(3�
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Table 25: Concluded
Date NOEC LOEC LC25

(D-M-Y) Duplicate Duplicate Duplicate
Fathead M ortality 09-12-92 >100
Minnow 07-01-93 >100
7-day 02-01-93 >100

02-02-93 >100
01-02-93 >100
22-03-93 >100
01-12-93 >100
05-01-94 >100
02-02-94 >100
02-03-94 >100
14-12-94 >100
04-01-95 100
27-01-95 100
01-02-95 100
05-03-95 100

G row th 09-12-92 >100
07-01-93 >100
02-01-93 >100
02-02-93 >100
14-02-93 >100
22-03-93 >100
01-12-93 >100
05-01-94 >100
02-02-94 >100
02-03-94 >100
06-04-94 >100
14-12-94 >100
04-01-95 100
27-01-95 N C
26-02-95 100

Algal Growth
$������������ ; G row th 09-12-92 12.5
72-hour 07-01-93 6.3

02-01-93 6.25
02-02-93 1.56
11-02-93 6
22-03-93 6
31-03-93 6
01-12-93 <1.5

05-01-94 <1.5

02-02-94 1.6

02-03-94 3.13

06-04-94 6.25
14-12-94 1.56

04-01-95 1.56

27-01-95 56

01-02-95 1.56

22-02-95 100
15-03-95 56

��� ��� �3� ��/ ' 3'� (�2 ����!��3:'�'/�

>100 >100
>100 >100
>100 >100
>100 >100
>100
>100 >100
>100 >100
>100 >100
>100 >100
>100 >100
>100 >100

>100 >100 >100
>100

>100 >100
>100 >100
,� g ,�F D
>100 >100
>100 >100
>100 >100
>100 >100
>100 >100
>100 >100
>100 >100
>100 >100
>100 >100
>100 >100
>100 >100
>100 >100

>100 >100 >100
-� >100 >100

!� �� ,� g
25 15 29

12.5 12 20
12.5 7 13

3 4 5
13 7 17
13 26 46
13 11 20
1.5 1.0 2.2

� 0 �8%1�3) � 1�8%2 �8)
1.5 0.9 2.7

� 0 �7%1�2) � 2� 1%34)
3.1 3.1 2 4 20

� 2%3) � 2%8) � 14%29)
6.25 9 >100

� 3%15)
6.25

3.125 2.6 5.0
� 2 �3%2�9) � 4 �3%5�6)

3.13 8 24
� 7%9) � 23%25)

100 96
� 91�8%99�2)

3.1 3.3 6.1
� 2 �8%3�8) � 5�7%6 �9 )

>100
100 97.3

� 93�9%99 �8)

LCm
Duplica

16
(13-19)

� ���� �����#22��6���!('�" � � �0��1�/ '/ �!6�Q '6'�&�'#�'���� �/����/�

13-089-31-04/NRBS
Ecotoxicity ofPulp Mills
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)!����� ���%� ������$������������$������ ������$�"���'�� � !����� ���#%��������-�%%�*����������$� ��� ���� ��$� � !�
����!����� EEM "�"%�,� ��'���%��������'�� �*���'������� "���*�� �$�(� ���� LCso’s � !� 100% ���&�������!���
����!�����$�  ����-� ����� ���������� ��$�"���� �����  �$� � �#%��  �%%� �!!%#�����$�� ����#�#�%%�� �!!�"�� !����
%��'�%�&��- �����$��#�'�'�%(� �����%&�%�&��-��������������� ��"������%������+�"��������� ���"������ �$$������%�
�#�������� ��� �#%�� �%%��!!%#����� "���*���+��"��$���� ��� #%��������&��- ��� � ! ��%&��,� ��$� �����!���,� "�#���
����*���'�*%���!!�"�,� ���%�-�"��"����������(� ���� Ceriodaphnia� ���#%��� ����'����*%����$� ����$�!!�"#%��
��� ���������(� ���� �!!%#���� ����������� ��'��%���%�� ������ �!!�"�� ��� �#�'�'�%� 4�+"���� SLPC) *#�� ��$�!������
�!!�"����������$#"����(

�(8(�� 2��"#�����

�������#%��� � ! �����"�����"�*��������,� �%���#&�����%� �����,� ���'�$��� �������� ��-���!�� �����(� 2����
!�� ����%������������ !����� �%%��4�.=,� ���=���$�>�������#���5� ���-�����!!�"������%&�%�&��-��(� ����
���#%��� � ! ����� Selenastrum capricomutum� ����� ���#%$� *�� "� ����$� ��� ���� "�%������%%� a� ���#%��� !���
���%����"� �%&��� ��� ���� ��"��'��&� ����� � -��"�� ���-� ��  ���� &�����%� ��"������ ��� "�%������%%� a� *�%�-�
�#%��  �%%�(� ��� �����"���+�"����������"��'�,� �������#���� !����� �!!�"��4����*������'���#�� ��� #%�����5� ���
"����"�%1� ����$����%�$���!�� �������*�#�����������-�%%�*����"��������� � �'�%#������� (

���� "�����"� *��������� ��� �!!%#���� !�� � �%%�  �%%�� ���� $���"���&� �� ��$#"����� ��� Ceriodaphnia dubia�
�����$#"����(� ����� ���#%�� ��� ����������&� ��� ����� ��� ��� �""#����&� ��� �!!%#���� !�� � �%%�  �%%�� ��� ���� .�3��
����� �'��� ���#&�������$�!!������  ���� ��&��!�"����-���(� ���� ��$#"�$� �����$#"����� ��� ��� "�������� -����
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example is a municipal discharge upstream of a pulp and paper mill discharge. The effluent 
concentration Ce, as shown earlier, is 1 TU. The resulting equation is simply the effluent flow 
divided by the combined effluent and river flow (i.e. effluent loading).

C = 0 x 4 5 , 9 + 1  x 1.13 
1.13 + 45.9 

2 � 0.02

The preceding example calculation was presented to show how whole effluent toxicity can be 
calculated for either acute or chronic effects. It also shows that effluent that is non-toxic according 
to the bioassay will have a toxicity load according to this formula which will vary with effluent 
volume.

The effluent limit for acute toxicity o f 100% or greater included as a condition in all mill approvals 
and the fact that mills have non-toxic effluents most of the time mean that the concept o f acute 
toxicity loading doesn’t apply in the NRBS area. There is insufficient data to determine chronic 
toxicity loading. The most direct application for bioassays is to trigger a regulatory action when 
distinct acute or chronic toxicity is observed.

3.4 LOADING OF CONTAMINANTS IN THE EFFLUENT

Loading o f contaminants to a river (usually in kg/d) is an important concept because it includes 
effluent volume as well as concentration. Kraft mills and CTMP mills differ substantially in their 
effluent volume (Table 1). The CTMP process is characterized by low water use per unit of 
production as compared with other pulp and paper manufacturing processes. Due to this low water 
use, the concentration o f organics and wastes from the pulping process is very high with average 
BODs concentration in inflow to the treatment plant being 5000 mg/L (Rick Denton, pers. comm.). 
As a result, the effluent is highly concentrated, but with less impact on the receiving stream than 
other pulp mills due to the substantially lower volumes released. Impact o f an effluent upon the 
receiving stream is based upon the loading o f substance discharged and not the concentration o f the 
substance in the discharge pipe. It is desirable to encourage low volume effluents and not the 
continuation o f high volumes as a means to dilute any measurable toxicity.

Loading o f metals, chlorinated organic compounds and other potentially toxic constituents can be 
calculated individually from concentrations measured during effluent monitoring. This has been done 
for NRBS by McCubbin and Folke (1992). They provided both concentrations (in mg/L) and 
loadings (in g/d) of AOX, phenols, chlorinated phenol, resin and fatty acids, metals and dioxins in 
effluents for all mills in the NRBS area for which there were data. An effluent quality database was 
also prepared by N. McCubbin Consultants Inc. Since the McCubbin and Folke (1992) report is 
available as another NRBS report, the reader is referred to that report for the data.

McCubbin and Folke (1992) concluded that internal measures taken at kraft pulp mills combined 
with external secondary treatment prevent acute toxicity. Also the remaining sub-acute toxicity is 
not caused by any organochlorine substances, but rather by neutral non-chlorinated compounds. 
Colodey (1989) published a review pointing towards chlorinated organics as the most important 
group responsible for the toxicity o f bleached kraft mill effluents; however, McCubbin and Folke 
(1992) believed that a more recent review (Colodey et al. 1991) is more in line with the recent 
Scandinavian studies including mesocosm studies (Lehtinen 1991a,b) which suggest that non­
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����$����#"����� � ! �*�����"�!%����*�%�-� �� �-�$���� *%��"��$� <��!��  �%%� -��� �������$� *����������� �����! �
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4.0 EC O TO X ICO LO G ICA L SIGNIFICANCE OF PULP M ILL EFFLUENTS

Chapter 3.0 described the acute and chronic toxicity o f pulp mill effluents, and also referenced 
contaminants in the effluent that may cause toxicity. As briefly described in Section 1.3.2, there are 
many factors that alter toxicity when the effluent leaves the diffuser and is dispersed in the receiving 
stream. The detection o f toxicity in the effluent does not necessarily mean that there will be 
ecotoxicity; that is, a toxic effect in the aquatic ecosystem receiving the discharge.

Conversely, the failure to detect either acute or chronic toxicity in a single-species bioassay does not 
preclude an ecosystem effect. Organisms living in the receiving water are subject to a variety of 
conditions over varying periods of time that are almost always different than the laboratory test. 
Biota living in rivers such as the Athabasca River or the Wapiti River which receive point discharges 
from pulp mill effluents, municipal sewage treatment plant effluents and tributaries may experience 
accumulated long-term impacts. Monitoring and special studies that include fish, invertebrates and 
algae living in the receiving river are necessary to determine the ecotoxicological significance o f pulp 
mill effluents. There has been a vast quantity o f data collected over the years by instream monitoring 
programs and special studies. The results that are particularly relevant to toxic effects on organisms 
have been highlighted in this chapter. The reader is also referred to other, more detailed, reports.

4.1 BEN TH IC ASSEMBLAGES

The biofilm is the biological community which adheres to the surface of riverbed material. It is 
primarily epilithic algae (algae attached to rocks), but the term biofilm gives a broader perspective to 
this community which may also contain aquatic bacteria, fungi and other microscopic organisms. 
Unfortunately the data available on biofilm are limited to epilithic algae (SENTAR 1993a). Rooted 
aquatic plants (macrophytes) are not abundant in the mainstems o f the major rivers o f the NRBS 
area.

The benthic macroinvertebrate assemblages have been monitored by Alberta Environment and all of 
the pulp mills. With the exception o f two mills, the data have been collected using comparable 
methods. There are, therefore, good quality data on the number o f organisms per taxa for 
assemblages o f benthic macroinvertebrates found in replicated samples collected at multiple locations 
upstream and downstream of many point sources. Most of the information summarized here was 
synthesized for NRBS by SENTAR Consultants Ltd. (1993a); more details including tables and 
figures are available in that report.

4.1.1 Biofilm M onitoring

Biofilm data available for the NRBS area were tabulated and synthesized in Section 4.2 o f the 
Nutrient Loading on the Athabasca, Peace and Slave Rivers - Synthesis Report prepared for NRBS 
by SENTAR (1993a). The reader wishing to review the data is referred to the SENTAR (1993a) 
report.

Because there is a direct relationship between epilithic chlorophyll a content and cell biomass, this 
photosynthetic pigment has been used by Alberta Environment and others, as an indirect measure of 
algal biomass (Anderson 1989). The epilithic chlorophyll a samples were obtained by scraping 
defined areas o f rocks from the river substrate. Only a few studies have identified the algal species 
present in the biofilm (e.g. EVS 1991, 1993).

13-089-31-04/NRBS
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�#������"�-�����(� 2���� ��-������ �/���"� ������� � ! ����� �%&�%� ��+��!�#�$� ������� �#�'��(� ���� �%&���
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■ Biofilm data were limited to epilithic algae.

a Prior to 1993, chlorophyll a data were limited to three mills.

a Algal taxa were identified in the vicinity of only one mill.

a An experimental approach has only been attempted once (unsuccessfully).

a Epilithic algae, as measured by chlorophyll a, generally increased below point source
discharges including pulp mill effluents, sewage treatment plant effluents and tributaries.

a Epilithic chlorophyll a was generally low during spring and summer (attributed to scouring), 
and reached a maximum in the fall.

a Epilithic chlorophyll a was generally low in sand or silt substrates.

a Chlorophyll a is now being measured at more locations to provide a better database in the 
future.

The ecotoxicological significance o f pulp mill effluents cannot be determined from existing biofilm 
data with the exception o f data for the Lesser Slave River. Monitoring o f the Lesser Slave River 
includes the identification o f algal species and has shown that the periphyton community is diverse 
and the species present are typical of other alkaline waters in northern Canada (EVS 1993). Without 
additional monitoring data on species richness or experiments to differentiate toxic effects from 
nutrient effects, the presence o f toxicity could be masked by the enhanced algal growth due to 
nutrients in the effluent.

Now that chlorophyll a is included in the benthic monitoring at six o f the mills, more data will be 
available to indicate algal biomass. Catastrophic events (e.g. high flows or spills o f toxic chemicals) 
would be recorded as a decrease in biomass; however, significant changes in biomass could not be 
considered an “early warning” of chronic toxicity. Chlorophyll a measurements are useful in 
assessing nutrient effects, if a dose-response relationship can be established, but they are less useful 
in determining chronic toxicity. The inclusion of the growth inhibition bioassay (using the alga 
Selenastrum capricomutum) in the chronic/sublethal effluent testing under EEM and in the 
Weyerhaeuser mill provincial approval adds the results of a single-species bioassay to the database. 
Chlorophyll a monitoring of the receiving stream can be used to assess whether growth 
inhibition/enhancement data from a single-species bioassay o f the effluent are indicative of growth 
inhibition/enhancement in the receiving waters.

4.1.2 Invertebrate Monitoring

The benthic invertebrate monitoring in the NRBS area was summarized in Section 4.1 in the Nutrient 
Loading on the Athabasca, Peace and Slave Rivers - Synthesis Report prepared for NRBS by 
SENTAR (1993a). The reader wishing to review a synthesis o f  these data is referred to this report. 
Benthic invertebrate data have been analyzed in more detail by the pulp mills individually and their 
results are presented in annual reports included in the annotated bibliography (SENTAR 1993b). A 
quantitative analysis o f benthic invertebrate community structure and other benthic invertebrate 
studies have been undertaken by NRBS (see also section 2.3). This section is therefore limited to a 
brief summary of the effects o f the pulp mill effluents at each of the six mill sites and the 
toxicological significance o f the existing monitoring results.

13-089-31-04/NRBS
Ecotoxicity of Pulp M2b
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Figure 6
MEAN NUMBER OF BENTHIC�
INVERTEBRATES PER SQUARE�
METRE AT SAMPLING�
LOCATIONS ON THE�
ATHABASCA RIVER IN THE�
SPRING ( ■ )  AND FALL (□), 1991
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4.1.2.3 Peace River

The Environmental Quality Monitoring Branch, Alberta Environment, has conducted benthic 
invertebrate surveys in the Peace River. Shaw �����!  (1990) focused primarily on major longitudinal 
trends in the river's zoobenthos prior to 1990 when the Daishowa-Marubeni International Ltd. mill 
began operations.

Benthic invertebrate surveys were conducted for the Daishowa-Marubeni International Ltd. by 
Monenco Consultants Ltd. (1990a,b,d; 1991; 1992a,b) at Peace River, Alberta. Benthic monitoring 
began July 1989 (Monenco 1990a) with subsequent monitoring each spring and fall. Benthic 
invertebrate densities were extremely low with a complete absence o f organisms at some locations. 
Stream flow fluctuations resulting from the operation o f the WAC Bennet Dam have probably had 
the greatest influence upon the benthic community in this area o f the Peace River. The continued 
inundation and dewatering o f riffle habitats over relatively short periods of time markedly reduce 
invertebrate colonization and the availability o f periphyton. Analyses of benthic diversity and 
community structure have been done for each survey from 1989 to 1992. They have failed to 
demonstrate any definite pattern related to the mill location.

4.1.2.4 W apiti-Smoky Rivers System

A study of the Smoky River was carried out by Alberta Environment in 1983 to assess the impact of 
the pulp mill and to augment the database and understanding o f the Smoky River system (Noton ��  
��!  1989). Benthic surveys were carried out by Alberta Environment on the Wapiti-Smoky River 
system in October 1989, and February 1991. Benthic invertebrate surveys o f the Wapiti River have 
also been conducted by TAEM since 1987 (TAEM 1990, 1991a, 1992a) for Weyerhaeuser Canada 
Ltd. and the previous owner, Procter & Gamble.

In 1980, following low river flows, water quality impacts occurred at the town of Peace River. 
Benthic monitoring by Alberta Environment indicated that the pulp mill effluent was causing a 
noticeable reduction in numbers of the zoobenthos in the Wapiti River. This is the only account o f a 
substantial reduction in benthic invertebrates encountered by SENTAR during the preparation o f an 
annotated bibliography of monitoring and other reports from the NRBS area (SENTAR 1993b). The 
cause o f the impact was not investigated.

The 1983 Alberta Environment study showed impact had lessened since 1980. Benthic 
macroinvertebrates in the Smoky River and lower Wapiti River appeared to be enriched in numbers 
and to some extent in taxa. The number o f organisms and number o f taxa increased downstream of 
the Weyerhaeuser pulp mill and Grande Prairie sewage treatment plant outfall to about Watino 
(Noton ��� ��!  1989). Direct toxicity to aquatic life did not appear to be occurring (Noton ��� ��!  
1989). 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 1992a). The two benthic surveys o f October 1989 and February 1991 
both indicated that the main effect on benthic biota in the Wapiti River is one o f enrichment (Noton 
1992a). Total numbers were higher downstream of the effluents while the number o f 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.

13-089-31-04/NRBS
E cotoxicity of Pulp Mills
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4.1.3 Ecotoxicological Sienificance
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����%������#�����'��-�!�������� �������$�$� ����!��$����� ��#$����$���� �������.�3�� �������%���$���� �!!�"���
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exhibited in previous studies which could be used to determine if the same type o f effects are 
occurring in the NRBS area.

4.2.2.1 Acute Effects

Acute effects are intuitively easy to identify but inherently difficult to monitor in the field. Fish killed 
by a toxic effluent, are exceedingly difficult to identify in the field. To observe acute effects in the 
field, the timing o f the sampling must coincide exactly with the event. Otherwise, these animals are 
likely to either sink directly to the bottom where they remain undetected or are consumed by 
scavengers. McLeay (1987) found no reports o f fish kills in the United States due to discharge of 
biotreated pulp and paper mill effluents to freshwater. Reported fish kills, 14 from 1977 to 1981, 
were due to spills of pulping chemicals. Acute toxicity occurring sporadically over a long period of 
time, although exceedingly rare (McLeay 1987), is more easily identified by either the reoccurring 
presence o f carcasses, altered population characteristics o f the fish species affected, or a complete 
absence o f the fish species affected. Acute effects are often species specific so the most sensitive 
individuals within a community must be identified.

A confounding aspect to the determination o f acute toxicity in the field is that, if this event does 
occur, it is most likely to affect the early life stages o f fish first. The early life stages o f fish, such as 
gametes, embryos, fry and juveniles are known to be more sensitive to toxic substances than their 
adult counterparts (Rand and Petrocelli 1985, von Westemhagen 1988). The threshold for acute 
toxicity to these life stages is often far lower than for adults. Consequently, early life stages will be 
affected at lower toxicant concentrations than adults. However, the early life stages o f fish are much 
more difficult to monitor than adults. Early life stages are often of short duration making the timing 
o f sampling critical. Behavioral changes, such as larval drift, also make the monitoring difficult. 
Interpretation o f the samples collected requires extensive experience to determine if mortality was 
due to effluent or other sources.

The effect o f TCDD on the early life stages o f common fish species is a good example. The LC50 of 
TCDD, a chlorinated hydrocarbon associated with kraft mill effluents, in adult yellow perch ((����  
���,�� ���;�  carp (�'�������  ����� ), bullhead (1�������� ��������� ), rainbow trout (<� ���'� ���  
�'���� ), largemouth bass $)� ������������������;  and bluegill (.��������� �� ����� ) ranges from
3,000 to 16,000 pg TCDD/g fish (Cook �����!  1991). Cook �����!  (1991) also conducted a series of 
experiments where developing eggs and sac fry o f lake trout (���,�����������' ��� ) were exposed 
for 48 hours to varying concentrations of waterborne 2,3,7,8-TCDD. Sac fry were observed to be 
more sensitive to TCDD toxicity than the developing eggs. Egg hatchability was reduced at egg 
TCDD concentrations greater or equal to 226 pg/g. The NOEC for sac fry mortality was 34 pg 
TCDD/g, and the LOEC was 55 pg TCDD/g. Symptoms related to toxicity included severe 
subcutaneous yolk sac edema and hemorrhages. Mortality in rainbow trout fry and carp juveniles 
was observed to occur at approximately 1000 pg TCDD/g (Mehrle ��� ��!  1988) and 2200 pg 
TCDD/g (Cook �����!  1991), respectively.

4.2.2.2 Chronic Effects

A number o f studies in Canada and abroad have examined fish populations exposed to pulp mill 
effluent in order to determine if they were displaying any signs o f chronic toxicity. The focus of 
these studies has been on the effluents originating from kraft mills because o f the presence of 
chlorinated hydrocarbons, most notably 2,3,7,8-TCDD and TCDF and their congeners. Within kraft 
pulp mill effluents, TCDD is the most toxic halogenated aromatic chemical known (Cook ��� ��  
1991).
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al.� 4����5,� 7#����&� �����*��&��� et al.� 4�����,*5,� �$$�$� ����� ���� �=22� *�$��*#�$��� ��� !���� ��7#���$�
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$�$� ���� �""#�� #���%� �� *�$�� *#�$��� � !� �,AAA��&B&� -��� �""# #%���$(� ����%�� et al.� 4����5� �*���'�$�
�$'����� �!!�"��� ��� �#�'�'�%,� &��- ��� ��$� *���'��#�� � !� ����*�-� ���#�� �-� ;#�� !��� -��"�� ��$�
�""# #%���$�*�$��*#�$���� � !���A��&B&��=22(

��$��&����4����5� �*���'�$���$#"�$�&���$�&��-���*#����&����*�$��&��-��� ���0#������� ���"��4 Perea�
fluviatilis)� �+����$���� *%��"��$� �#%��  �%%� �!!%#����(� ���� �*�������� ��$� %������� -���� �%��� �*���'�$� ���
*��  ���� !��7#���� ��� �+����$� !���(� 0+����$� %��'��� ���-�$� �� ��&���� ����� � !��<�%���%� $�!�� ������� ���
����/�- ���&����(� ���� �""#����"��� ! ������� �*��� �%������ "�#%$����� *�� "��"%#��'�%��%��<�$� ��� �+���#���
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� ���� ��"���� ��#$���� ��� =���$�� ��'�� "��"�������$� ��� ���� �����$#"��'�� "���"���� � ! �!���� �+����$� ���
3%��"��$�Q��!�� ��%%�0!!%#���� I3Q�05(� ?�$���� et al.� 4���85� �*���'�$� ��"�����$� ���� �"��'���� ��$�
$�"�����$��������������%�'�%�� ���  �%��-����� �#"<����4 Catostomus commersoni)� �+����$� ���3Q�0� ���
����#7#�,� I#�*�"(� )�"�����$�� ��� �"��'���� ��� ��������-����� �#"<������� �� ���#%�� � !�3Q�0� �+���#���
���� �%���*�����������$�*�� � ���� et al.� 4����5� ��$� ���'��� et al.� 4���85(� ��%��&���� � ��#$��-���$����
��� ��"<!���� 3��� � !���<�� �#������� ��� ���� �!!�"��� � !���� ���,� ��$� ��-� ��"���%�� ��"��$���,� ������$�
3Q�0� ��� ���� ����$���� !���� ���#%������� 4�"������� et al.� ����,� ���8,� �#�<�����"<� et al.� �����,�
����5(� >����� �#"<���� �+����$� ��� 3Q�0� �+��*���$� $�%���$� ��+#�%�  ��#����,� � �%%��� &���$�,�
��$#"�$� �&&� ��D�,� ��$#"�$� ��"��$���� ��+#�%� "����"�������"�,� ��"�����$� %�'��� ��D�,� ��"�����$� "��$������
!�"���,� ��$� �� � �%%���%��&��� ��� �&�� -���� "� ����$� ��� "�����%� !���(� ������%�&�"�%� "���&��� �*���'�$�
��"%#$�� ��$#"�$� %�'�%�� � !��%�� �� ��+� ������$�� 4������������,� ��;<���������������,� �	3;�����$��%� ��$�
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�#�<�����"<� et al.� 4���8*5� �+���$�$� ������ ��#$���� ��� ��"<!���� 3��� ��� ��"%#$�� %�<�� -����!����
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industry and government scientists to identify and characterize the causative agent(s) in the pulp mill 
effluents and the receiving environment.

4.2.3 Fisheries Studies

The following is a review of the fisheries studies completed on the Peace, Slave or Athabasca Rivers 
and their tributaries in relation to the ecotoxicity o f pulp and paper mill effluents. Emphasis will be 
placed on studies where sampling protocols were comprehensive enough to include testing for the 
parameters known to be characteristic o f chronic toxicity due to effluent exposure.

4.2.3.1 Lesser Slave River

Prior to the construction o f the SLPC mill, there were no comprehensive fisheries studies on the 
Lesser Slave River. Before the mill began operations, a two-year study was commissioned to 
establish the pre-operational conditions on the river (EVS 1990). The following is a summary of 
their findings.

The upper portion o f the Lesser Slave River is characterized by a slow moving current and silt 
substrates. The lower portion is a series of shallow riffles with cobble/gravel substrates. Sampling of 
the fish community in 1989 revealed that longnose sucker males and females were significantly 
heavier for the same length in the upstream reaches than downstream. Females were larger than 
males in both reaches. The gonad and liver weight:body weight regressions showed no difference for 
both males and females between sites. Fecundity versus weight showed no significant difference 
between sites and fecundity versus standard length showed a slight significant difference between 
sites (lower in downstream). Condition factors, LSIs, GSIs and fecundities were within the ranges 
obtained for other sucker populations.

White sucker showed the same relationship for all parameters examined just described for as 
longnose suckers. Lack of fish in downstream areas prevented the use o f this fish for the sentinel 
species. Few mountain whitefish in spawning condition could be caught. The fisheries data available 
showed little difference between the sexes or sites. Spawning probably occurred in tributary streams. 
Trichoptera were principle food item for all three species. Suckers also feed on Hemiptera whereas 
the mountain whitefish diet was supplemented by Plecoptera and Ephemeroptera.

Results o f the second year of pre-operational monitoring (EVS 1990) showed little difference 
compared to the previous year's results and helped strengthen the database already compiled. All 
three fish species under consideration for sentinel species (longnose sucker, white sucker and 
mountain whitefish) showed variability in fecundity and liver weights from year to year, but the same 
trends associated with habitats were observed. Organics were tested in water and fish flesh and 
found to be below detection limits.

The final phase o f the study was to sample the Lesser Slave River after operations began at the mill 
(EVS 1991, 1993). Operational monitoring performed from May-September 1991. The metal 
content o f fish flesh was similar in both downstream and upstream sites. Most fatty acids were 
higher in concentration in the flesh o f downstream fish. Only female suckers and male mountain 
whitefish showed increased MFO activity. No consistent elevation o f MFO downstream o f the 
SLPC mill was observed in mountain whitefish in 1991 (EVS 1993).

There was no evidence of acute toxicity or chronic toxicity in the Lesser Slave River fish population 
as a result o f effluent exposure. The monitoring of sex steroid hormone levels and other
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suggested that the presence o f arctic grayling (Thymallus arcticus) and mountain whitefish was an 
indication o f relatively clean waters.

Alberta Energy and Natural Resources (1985) conducted a survey of the Wapiti River in 1984 that 
examined the fish populations present and their habitats. A total o f 12 fish species were caught. 
Sampling upstream and downstream of the mill showed considerable differences in the presence and 
abundance o f fish species. All o f the fish, except for walleye, that were found upstream of the mill 
were also found downstream. These changes in fish abundance can be attributed to varying habitat 
characteristics along the river. The authors cited the re-occurring flooding of the Wapiti River as the 
major factor controlling fish densities in the river. No adverse effects, due to effluent exposure, were 
detected.

A study that is more applicable to this review was done by the Alberta Environmental Centre in 1982 
(Alberta Environmental Centre 1987). Fish and water samples were collected in the Wapiti River in 
October 1992 and analyzed for a series of contaminants. A total o f  twelve fish species were 
observed in the same proportions and distribution as they were in the 1984 study conducted by 
Alberta Energy and Natural Resources (1985). It was determined that the effluent was not usually 
acutely toxic to fish under either laboratory (LC50 results from mill) or natural conditions, although 
the assessment o f acute toxicity in the river was mostly speculative. Reproductive ability o f fish 
downstream o f the mill was deemed satisfactory based on the numbers of young-of-the-year fish 
present from several resident fish species. Subtle changes in hepatic glycogen and lipid content 
between upstream and downstream fish were detected. These differences were attributed to habitat 
characteristics between the two sites and physiological status of individual fish. Contaminants 
originating from the effluent that were found in fish flesh included alkanes, fatty acids, chlorophenols 
and guaiacols. Their concentrations ranged from trace amounts to 5 mg/kg except for a,a'- 
dichlorodimethyl-sulphone which was found at a concentration o f 26 mg/kg. The levels of 
contaminants found in the fish were not suspected o f causing a health risk to the fish.

In October 1987, <5 to 17 ppt o f 2,3,7,8-TCDD (TCDD) and 17 to 290 ppt 2,3,7,8-TCDF (TCDF) 
were found in whole, individual longnose suckers (Alberta government news release 1990). In 
October 1989, the same testing program found in Table 26. No information was available on the 
effects of the TCDD/TCDF concentrations on the health of the fish tested.

The most comprehensive study to examine the long-term effects of pulp mill effluents on aquatic 
biota performed in the NRBS area to date was initiated by the Proctor and Gamble Company in April 
1990.

This study, entitled the "Wapiti/Smoky River Ecosystem Study" (SENTAR, 1993c), focused 
primarily on the health o f the fish populations downstream of the mill. The study area extended from 
Wapiti Gardens on the Wapiti River (67 km upstream of the point o f effluent discharge) to the 
confluence o f the Smoky and Peace Rivers. A number o f components o f the river were examined as 
to their chemical characteristics including: water, bottom sediments, suspended sediments, benthic 
invertebrates, fish muscle, fish liver and fish bile. Among the chemical parameters tested were: major 
ions (Na, Cl, ��	�� etc.), nutrients (PO4, TKN, etc.), BOD, colour, chlorate, texture, % organic 
carbon, metals (including mercury, chlorinated organics (AOX, EOCL), dioxins (7 congeners + total 
TCDD), furans (7 congeners + total TCDF), chlorinated phenolics (phenols, catechols, guaiacols, 
veratroles, vanillins, aldehydes and syringols), chlorinated phenolics metabolites, resin acids 
(chlorinated and non-chlorinated) and fatty acids (chlorinated and non-chlorinated). The physical 
characteristics o f the Wapiti River portion o f the study area (habitat mapping) were also described.
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-����!����-���� ����  ���� "�  ��� ���"���(� ����� -����  ���� �*#�$���� ��� ���� !�%%� ����� ��� ���� �����&� ���
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������� �%���-������&������������"�����%� �� �%��(

����!��$��&��� !����� �+�����%� �+� ��������� ��$� ����������%�&�"�%� ��#$���� � ! �!����-���� ����"�%� � !���� �%�
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Thus, mountain whitefish, which primarily select filter-feeding insects, had higher body burdens than 
either bottom-feeding suckers or predatory walleye. This indicated a key connection between 
mountain whitefish body burden and suspended sediments (which are consumed by the filter-feeding 
insects). This also helped explain why lipid content was not the only explanation for dioxin/furan 
concentrations in mountain whitefish.

Although substantial effort is expended on the benthic invertebrate monitoring o f pulp mill effluents, 
this monitoring could be enhanced by a more integrated approach such as the sediment quality triad 
(Triad) (Chapman and Long 1983, Long and Chapman 1985), which is an effects-based method 
incorporating measures of sediment chemistry, sediment toxicity and benthic community structure. 
The Triad has been used in several ways: (a) to identify and differentiate pollution-degraded areas, 
(b) to determine concentrations o f contaminants associated with effects, and (c) to predict where 
degradation may occur based on chemistry and toxicity (Canfield ��� ��!  1994). Sediment spiking 
studies may be needed to confirm cause-and-effect relationships.

4.4 HUMAN HEALTH

4.4.1 Exposure Limits

This section on exposure limits has been taken mainly from an Expert Panel (1994) report on the 
potential adverse effects of chlorinated organic chemicals from the pulp and paper industry.

4.4.1.1 Chlorinated Phenolics

Tetra- and pentachlorophenol are considered to be persistent chemicals; therefore, exposures of 
humans to pentachlorophenol (PCP) through the consumption of fish must be considered. The PCP 
exposure limit recommended by Health and Welfare Canada (60 pg/kg body wt/d; HWC 1989) is 
approximately 750-fold greater than that recommended by the U.S. EPA (0.08 pg/kg body wt/d; 
EPA 1992). At the U.S. EPA exposure limit o f 0.08 pg PCP/kg body wt/d, the total allowable 
intake o f PCP by a 70-kg person would be 5.6 pg/d. Based on this daily intake value, the maximum 
allowable concentrations of PCP in fish would be 28 ppb to ensure that individuals consuming large 
quantities o f fish (e.g. natives consuming up to 200 g o f fish per day) did not exceed the exposure 
limit. The maximum acceptable concentration (MAC) of PCP in fish to ensure that sport fish 
consumers (consuming 22 g o f fish per day) did not exceed the exposure limit would be 
approximately 250 ppb.

4.4.1.2 Chlorinated Dioxins and Furans

A wide range in exposure limits for chlorinated dioxins and furans have been established by various 
agencies. The maximum acceptable exposure limit established by Environment Canada (CEPA 
1990) and the Ontario Ministry o f the Environment (MOE 1985) is 0.00001 pg 2,3,7,8-T4CDD/kg 
body wt/d, or 10 pg/kg body wt/d. This exposure limit is based on the application o f a 100-fold 
safety factor to the NOAEL for reproductive dysfunction in rats of 0.001 pg 2,3,7,8-T4CDD/kg 
body wt/d (Murray �����!  1979) and is based on the premise that an exposure threshold exists for the 
adverse effects on reproductive performance observed from exposure to chlorinated dioxins and 
furans. In contrast, the exposure limit established by the U.S. EPA (1984) is 0.006 pg/kg body wt/d, 
based on the dose-response extrapolation o f the liver tumor incidence, as reported in the study of 
Kociba �����!  (1978). This exposure limit is based on the premise that there is no exposure threshold 
for the occurrence o f liver tumors in response to exposure to 2,3,7,8-T4CDD.
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4.4.2.2 Chlorinated Dioxins and Furans

On July 27, 1990, the Alberta government issued a news release which banned the consumption of 
mountain whitefish from the Wapiti and Smoky rivers as a result of sampling from 1987 to 1990 
(Alberta government news release 1990). In October o f 1987, <5 to 17 ppt o f 2,3,7,8-TCDD 
(TCDD) and 17 to 290 ppt 2,3,7,8-TCDF (TCDF) were found in whole, individual longnose 
suckers. In October 1989, the same testing program found the concentrations shown in Table 26.
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The result which initiated the ban on mountain whitefish was the 26 ppt o f TCDD which is above 
Health and Welfare Canada's limit for safe consumption.

The Procter & Gamble Cellulose Ltd. study (SENTAR 1993c) detected dioxin and furan in mountain 
whitefish fillets and liver from the Wapiti-Smoky river system as well as the control location o f the 
North Saskatchewan River (Table 27) and in walleye fillets, burbot fillets and burbot livers from the 
Wapiti River (Table 28). The concentrations o f dioxin and furan in fillets from all species o f fish are 
well below the 4.68 ppt mean concentration used in the Expert Panel (1994) calculations, indicating 
that a continuous diet made up entirely of fish would not exceed the acceptable dietary intake for 
these organochlorine compounds. Burbot livers were found to have elevated concentrations of 
dioxins and furans, which may be valuable as a monitoring tool but would not represent a human 
health hazard. SENTAR (1993c) found that EOCL levels in fish fillets declined after implementation 
o f 70% chlorine dioxide bleaching at the Procter & Gamble (pre- Weyerhaeuser) mill. With 
increased chlorine dioxide substitution (to 100%), the dietary intake o f dioxins and furans will 
decrease further.
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Table 27: Dioxin/Furan Congeners Detected in Mountain Whitefish from the Wapiti/Smoky and North 
Saskatchewan River Systems, 1990-1991

C ongener T issue Season /Y ear N um ber o f  
Fish

M ean C oncentration  
(±standard deviation) 

(PPt)
1,2,3,7,8-PeCDF Fillet Summer 1990 1 1.2

F illet Fall 1990 1 0.53
Fillet Summer 1991 3 0.50±0.1
Fillet Fall 1991 1 0.6
Fillet Summer 1990 1 0.4

2,3,4,7,8-PeC D F Fillet Summer 1990 1 1.5
Fillet Fall 1990 1 1.2
Fillet Summer 1991 6 1.110.7
Fillet Summer 1991 1 0.1
Liver Summer 1991 2 1.1
F illet Summer 1991 1 0.3
Fillet Fall 1991 2 2.1
Liver Fall 1991 1 1.2

1,2,3,7,8-PeC D D Fillet Summer 1991 6 1.210.8

2,3,4,7,8-PeC D D Fillet Summer 1991 1 1.0

1,2,3,4,7,8-H xC D D Fillet Summer 1991 1 1.6

1,2,3,6,7,8-H xC D D Fillet Summer 1991 1 1.0

1,2,3,4,6,7,8-H pCD D Fillet Summer 1991 1 1.0

OCDD Fillet Summer 1991 1 1.7
Note: Table from SENTAR 1993c.
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5.0 CONCLUSIONS AND RECOMM ENDATIONS

5.1 INFORM ATION GAPS AND OPPORTUNITIES

5.1.1 Biofilm/Algae

During the review of biofilm data for this report, the following information gaps were identified:

■ There are no data on biofilm other than epilithic algae.

■ Existing information on epilithic algae are primarily chlorophyll �  data and algal mat thickness 
data, although collection of the latter was discontinued in 1992 in favour of chlorophyll �  
data. Since algal species have been identified only for the Lesser Slave River, a decrease in 
species richness, usually one o f the most sensitive indicators o f ecotoxicity, cannot be 
determined.

■ Until recently, there was no field experimental work done to identify decreases in the algal 
biomass or species richness due to toxicity that may be masked by increases due to nutrient 
enrichment from point sources such as pulp mills, municipal sewage treatment plants and 
tributaries. NRBS has now initiated experimental work at Hinton to address this point.

* Preliminary chronic bioassay results do not differentiate between the presence of toxicity and 
other effects. Preliminary EEM results indicate inhibition/stimulation effects due to effluent 
on ������������  ���� �������!  These effects could indicate that the effluent is either toxic, 
an inadequate growth medium, or an especially good growth medium. Effluent should not be 
required to be a growth medium, but effluent should be non-toxic. Further testing is required 
to determine whether the “early warning” provided by the �!�  ���� �������  test is due to 
toxicity.

Biofilm monitoring has been o f low priority in the past. The inhibition o f algal growth has not been a 
concern when chlorophyll �  data show increased biomass below pulp mills and higher sediment 
oxygen demands have been measured below pulp mills as a result.

There are three reasons why an epilithic algal study may deserve a higher priority. Firstly, the 
preliminary results of the ������������  ���� �������  growth test required under EEM indicate that 
effluents from some o f the pulp mills have a significant effect on this alga. In some cases, this 
bioassay shows the most pronounced effect o f the three chronic bioassays required under EEM. 
Secondly, the Swedish discovery of chlorate toxicity to brown algae in the Baltic Sea was a warning 
that very little is known about potential negative environmental effects of the recent and rapid 
changes that have occurred in the pulp and paper industry. Thirdly, plants have received much less 
attention than animals even though they are the foundation o f the aquatic ecosystem.

5.1.2 Invertebrates

5.1.2.1 Benthic Invertebrate  Assemblages

The review of benthic invertebrate data for the NRBS area identified both strengths and weaknesses 
in the monitoring programs.
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covariate factors or sampling bias, or both. With small sample sizes, the ability to detect 
differences between means of benthic measures over space or time (usually the objective in 
the biomonitoring study) can be enhanced by using more powerful techniques such as 
ANOVA (as compared to, for example, estimates o f means and confidence intervals). Set 
precision and error risk rates appropriate to the questions asked: P=0.05 is not the only level 
available.

■ maintenance of reference collections for taxonomic identification. A reference collection of 
species identified from the study area will reduce incorrect identification, particularly if 
several researchers are involved over time. Rosenberg and Resh (1993) recommend that 
biologists doing the monitoring retain voucher specimens and prepare a reference collection 
that will be placed in a depository, such as an established university department or 
government museum. Such institutions also should expect some compensation for this 
service.

■ evaluation of the frequency of environmental effects at the organism level. Additional study 
o f the frequency o f morphological deformities or other health or reproduction effects would 
provide effects data at the scale o f the individual organism. Current monitoring provides data 
at the community level.

■ expansion o f the monitoring to an integrated approach. The triad approach includes 
determination o f sediment contaminant concentrations, sediment toxicity and benthic 
invertebrate populations. This approach may be useful in determining cause-and-effect 
should multivariate analysis identify an effect o f pulp mill effluent on the benthic community.

■ improvements in data handling. Benthic invertebrate monitoring produces copious data 
which are currently handled differently by each biologist. Consideration should be given to 
developing a more uniform database format and data quality control procedures. Then, data 
for the same watershed collected by different biologists could be compiled and synthesized 
electronically.

5.1.2.2 Invertebrate  Bioassays

Invertebrate bioassays are a large component of the effluent monitoring required by provincial
Approval and EEM. The Daphnia magna 48-hour bioassays are conducted weekly, and
Ceriodaphnia dubia sublethal bioassays are required quarterly for one year by EEM. Thus, mills in
the NRBS area are presently conducting a substantial number o f bioassays. The following are
recommended as opportunities to enhance the ongoing program:

■ selection o f more relevant species. Toxicity testing with standard species provides a uniform 
information base; however, the test species chosen should still be relevant to the ecosystem to 
which the data are to be applied. Buikema and Voshell (1993) reported a global need to 
develop acute toxicity test methods for baetid and burrowing mayflies, caddisflies and 
stoneflies. These organisms are sensitive to pollution, good indicators o f ecosystem health 
and much more relevant to large river ecosystems than Ceriodaphnia dubia. For example, 
SENTAR (1993 c) found a correlation between the concentration o f compounds in suspended 
sediments and concentrations in caddisflies, which are filter feeders. The mayfly Hexagenia 
has been shown to accumulate dioxins when exposed to contaminated sediments. Acute and 
chronic tests using Hexagenia spp. are available from ASTM (Bedard and Henry 1992).
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■ differentiation between toxic effects and effects related to effluent as a growth medium. For 
example, Millar Western has been unable to find a toxicity-related cause o f recent Daphnia 
magna test failures and has tentatively attributed the failures to the lack o f nutrients in the 
effluent due to recent steps to reduce ammonia. Bioassays are indicators o f lethality or 
sublethal effect, but further study is needed to determine whether the cause is toxicity.

■ verification of ecotoxicity. The preliminary results o f the Ceriodaphnia dubia assay indicate 
that the pulp mill effluents inhibit reproduction, while biomonitoring indicates increased 
numbers of organisms downstream of pulp mill effluents. This apparent contradiction needs 
to be addressed.

■ improved data handling. Due to the extensive quality control and data reporting 
requirements, the final result o f each acute test consists o f three to five pages o f paper. With 
the large number o f tests being done, the data can quickly fill filing cabinets and become 
virtually inaccessible in any cost-effective manner. An electronic database that has a 
standardized format, a standardized quality control for data entry, is maintained on a monthly 
basis, and is used by all mills is recommended. At present, an ever-increasing amount of 
expensive data is becoming unavailable; this situation will get worse as the mills continue to 
operate.

■ data QA/QC. In presenting the data supplied by the mills in chapter 3.0, a small number of 
transcription errors were found. Quality control is stipulated at the sampling and analysis 
steps, but currently no quality control is specified at the data handling stage. It is not 
necessary when the original results are submitted to Alberta Environmental Protection, but it 
would be needed if a database were developed.

5.1.3 Fish

The techniques and sampling protocols used in monitoring fish populations exposed to pulp mill 
effluents have evolved considerably over the past few years. The simple monitoring o f contaminant 
levels in fish flesh is no longer adequate to meet the information needs of both industry and 
government. Although assessment o f the potential risk to fish consumers is still warranted, the 
emphasis o f this type o f work is shifting towards understanding the effects o f these contaminant 
burdens on the organism and population levels. Consequently, a more rigorous set o f standard 
parameters need to be examined (i.e. biomarkers) so that contaminant burdens can be correlated to 
general fish health. These parameters, such as length, weight, age, gonad weight, state of sexual 
maturity, liver weight, histology of vital organs, steroid hormone levels, analysis o f bile for 
contaminants, stomach contents and lipid content, could be used not only to give a better 
understanding o f fish health, but also serve as a basis of comparison when fish from different rivers 
are sampled. McLeay (1987) found that few studies prior to 1987 had examined the histology of 
indigenous fish in the vicinity o f pulp and paper mill effluent discharges. Many of the parameters 
which are now common practice in the study o f fish populations exposed to pulp and paper mill 
effluents (i.e. mixed function oxidase, steroid hormone levels, bile analysis) have only been in use for 
the past few years.

A review o f the information on fish bioassays, fish populations and the effect of pulp mill effluent on 
fish health, immediately shows that there is a wide range in the quantity of data available to assess 
ecotoxicity in different regions of the NRBS area. Information gaps include:
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none of the routine monitoring methods required by regulations measure ecological process. A 
number of methods described in Chapter 1 can be used for this purpose (e.g. multi-species tests, 
artificial streams, etc.).

Because o f functional redundancy and resilience within the biological community, ecosystems 
respond to stress by maintaining essential functions at the expense o f sensitive species. Gross 
functions like decomposition or primary production reflect the contributions of many species, which 
may change according to environmental conditions or toxicity without affecting the overall rate of 
the function. Primary and secondary productivity are surprisingly stable under all but the most 
extreme conditions (Reice and Wohlenberg 1993). An ecosystem that has just begun to show a 
decline in system function has already exhausted its capacity to deflect stress through species 
replacements or other mechanisms. More importantly, a site might show no reduction in rates of 
nutrient cycling yet still harbour toxic contaminants and have only a limited capacity to cope with 
further stress. Sensitive species or populations begin to show toxic effects at much lower levels of 
contamination. Thus, species-level toxicity testing and species richness indices permit early remedial 
or preventive action and provide a higher level o f protection for ecosystems. For these reasons, no 
specific recommendations have been made to include process monitoring in this section.

5.2 SCALE AND INTEGRATION

The concept o f scale is an ever-present dilemma. An example is when ecotoxicological endpoints are 
large scale, such as effects on populations o f fish or assemblages of benthic invertebrates, but the 
measured indicators often come from the molecular (contaminant burdens), tissue (liver EROD 
activity) and organism (acute and chronic bioassay) levels. This paradox creates interpretive 
uncertainties. An alternative approach is to develop ecological endpoints and their respective 
indicators at the same biological scales (Gentile and Slimak 1992). The use of scale-dependent 
indicators would reduce the need to extrapolate across biological scales.

The majority o f the monitoring required by provincial approvals in the NRBS area currently have 
endpoints at the smaller scales (concentration o f contaminants, bioassays). Besides being less 
expensive and easier, the relatively high precision o f these tests make them more suitable for use by 
regulatory agencies. However, having a high degree of precision does not mean that the test results 
accurately predict the effect on the natural ecosystem. Precision does not ensure accuracy, 
particularly across biological scales. The major exception to the small-scale endpoints referred to 
above is the benthic invertebrate monitoring.

When the provincial monitoring requirements are evaluated from the perspective of the major 
biological categories o f plants, invertebrates, and vertebrates, the discrepancies in scale and effort 
become apparent. The only scale monitored for the plant category is assemblages (epilithic algae as 
chlorophyll a) and the level o f effort is minimal. Invertebrates are monitored at the organism 
$�������� �����  acute toxicity) and assemblages scales. Smaller scales have been examined in 
special studies such as contaminant concentrations SENTAR (1993c); these studies are site-specific 
and limited in scope. Nevertheless, the invertebrate monitoring includes different scales and the level 
of effort is substantial (weekly bioassays and intensive annual biomonitoring). The only scale 
routinely monitored for fish is the organism scale (acute lethality assays). Two major baseline studies 
initiated by the EIA process and operational studies/monitoring by two mills, Procter Q Gamble 
Cellulose Ltd. and SLPC (now Weyerhaeuser) provide the only data at the population level. For 
other locations, particularly other parts o f the Athabasca River, no population scale monitoring data 
are available. It is here that the problem of extrapolating across scales and from the laboratory to the 
field is greatest.
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SCHEDULE A - TERMS OF REFERENCE

Project 2112-B1: Effluent Characterization, Contaminants in Aquatic Ecosystems
and Ecotoxicity of Pulp Mill Effluents

I. Introduction

These Terms of Reference have been developed in support of three projects, which 
to a certain extent, deal with the ecotoxicity of liquid contaminants released 
into the aquatic environment by municipalities and industries or that already 
exist  in the ambient aquatic environment. All of the projects will involve 
compiling and synthesizing existing information on contaminants and their  
ecotoxicologicTi effects;  ITiis background information will be vital to the 
development of a comprehensive ecotoxicity strategy and aquatic ecosystem risk 
assessment for the Northern River Basins Study.

Proposals will be judged based on the following criteria:

1. the expertise assigned to the project;

2. the work that can be completed on the project before March 31st,  
1993;

3. total cost; and,

4. when the entire project will be completed.

II. Effluent Characterization - Municipal and Non-Pulp Mill Industry Sources

1. Objective

The purposes of this project include the following:

1) to identify the location, treatment technology, types of wastes 
( i e . ,  liquid, solid, gas) and waste disposal methods of all licensed 
effluent dischargers in the Peace, Athabasca and Slave river basins: 
and,

2) to compile and synthesize existing information from government and 
industry sources on the nature of liquid eff luents ( i e . ,  nutrients, 
pathogens, contaminants, toxic compounds, compounds that cause taste  
and odour problems in fish and water, e tc . )  from municipal and non­
pulp mill industries that are being discharged into the Peace, 
Athabasca and Slave rivers and their major tributaries.
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2) Submit ten copies of the draft technical report for the electronic  
database and ten copies of the draft synthesis report to the Project 
Liaison Officer by a date to be decided upon by the Project Liaison 
Officer and Scientif ic  Staff  in consultation with the contractor. 
Also submit the "draft" electronic database on non-pulp mill 
industry and municipal eff luent characterization and the "draft" 
electronic database on licensed effluent discharges in the northern 
river basins along with the draft technical report for the 
electronic database and the draft synthesis report.

3) Submit final reports of the technical report for the electronic  
database and the synthesis report to the Project Liaison Officer 
three weeks after the receipt of the review corrments on the draft 
reports. Five cerlox bound copies and two camera-ready original of 
each final report are to be submitted to the Project Liaison 
Officer. Electronic copies, in Word Perfect 5.1 format, of each 
report are also to be submitted on a 5 1 /4  or 3 1/2 inch floppy disk 
to the Project Liaison Officer. The synthesis report is to include 
an executive summary.

4) Specific data contained within tables, figures and appendices of the 
final synthesis report must be placed in a dBase IV f i l e  on a 5 1/4 
or 3 1/2 inch floppy disk and submitted to the Project Liaison 
Officer along with the final report.

5) Submit the final electronic databases to the Project Liaison Officer 
three weeks after receipt of the reviewed databases.

III.  Contaminants in Aquatic Ecosystems -  Annotated Bibliography and Synthesis 
Report

1. Objective

The purpose of this  project is to prepare an annotated bibliography and expert 
synthesis report on contaminants found in the ambient aquatic environment of the 
northern rivers and their potential impacts and ecotoxicological effects on the 
aquatic ecosystem.

2. Requirements

1. Annotated Bibliography

Prepare an annotated bibliography of databases (indicate whether the 
database exists  in hardcopy or electronic format), government and non­
government reports, journal reports, book chapters, student theses, etc .  
pertaining to chemical and microbial contaminants exist ing in the aquatic 
environment (water, sediment, biota) and potential impacts and 
ecotoxicological e f fects  of these contaminants to aquatic ecosystems. 
Factors such as loading persistence, bioaccumul ation and toxicity should 
be used as search cr i ter ia .  Discussion is to be presented regarding the 
adequacy of Quality Assurance/Quality Control measures imposed on data.
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� J� J� � � � � � � � � J$ J� � � � � E J� � J� � � � �
� J$ J� � � � � � J� A J� � � � � E J� * J� � � � �
� J� J� � � � � J� � J� � � � � E JA � J� � � � �

� J� A J� � � � � � JA � J� � � � � * JA J� � � � � � � �
� J� � J� � � � � A J� J� � � � � * J* J� � � � �
� JA � J� � � � � A JE J� � � � � � � � * J� � J� � � � �
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Table B.3: Daishowa-Marubeni International Ltd. Final Effluent

D a te
(M /D /Y )

� ���� ��
� � � � �

R a in b o w
T r o u t

D a te
(M /D /Y )

� ��� � ��
� � � � �

R a in b o w
T r o u t

D a te
(M /D /Y )

� ��� � ��
� ����

R a in b o w
T r o u t

7 /2 9 /9 0 1 0 1 /1 4 /9 3 1 1 /1 3 /9 4 1
8 /9 /9 0 1 1 /1 8 /9 3 1 1 /2 0 /9 4 1

8 /1 5 /9 0 1 1 /2 0 /9 3 1 1 /2 4 /9 4 1 1
8 /2 1 /9 0 1 1 1 /2 7 /9 3 1 2 /3 /9 4 1
9 /2 4 /9 0 1 1 2 /3 /9 3 1 2 /1 0 /9 4 1
1 0 /1 /9 0 1 1 2 /1 0 /9 3 1 2 /1 4 /9 4 1 1

1 0 /1 2 /9 0 1 2 /1 6 /9 3 1 1 2 /2 5 /9 4 1
1 1 /5 /9 0 1 2 /2 4 /9 3 1 3 /3 /9 4 1
1 1 /6 /9 0 1 3 /1 5 /9 3 1 3 /1 0 /9 4 1
1 2 /3 /9 0 1 1 4 /7 /9 3 1 3 /1 4 /9 4 1 1

1/5/91 1 1 4 /1 2 /9 3 1 1 3 /2 4 /9 4 1
2 /4 /9 1 1 1 4 /2 1 /9 3 1 3 /3 1 /9 4 1

3 /1 1 /9 1 1 1 4 /2 9 /9 3 1 4 /7 /9 4 1
4 /8 /9 1 1 1 5 /6 /9 3 1 4 /1 1 /9 4 1 1

5 /1 4 /9 1 1 1 5 /1 3 /9 3 1 4 /2 1 /9 4 1
6 /5 /9 1 1 5 /1 7 /9 3 1 1 4 /2 8 /9 4 1

6 /2 4 /9 1 1 5 /2 7 /9 3 1 5 /5 /9 4 1
7 /3 /9 1 1 6 /3 /9 3 1 5 /1 2 /9 4 1
7 /9 /9 1 1 6 /1 0 /9 3 1 5 /1 6 /9 4 1 1

8 /1 9 /9 1 1 1 6 /1 4 /9 3 1 1 5 /2 6 /9 4 1
9 /4 /9 1 1 0 6 /2 4 /9 3 1 6 /2 /9 4 1
9 /9 /9 1 1 7 /1 2 /9 3 1 6 /9 /9 4 1

9 /1 2 /9 1 1 1 8 /5 /9 3 1 6 /1 3 /9 4 1 1
9 /1 7 /9 1 1 8 /1 2 /9 3 1 6 /2 3 /9 4 1
9 /2 3 /9 1 1 8 /1 6 /9 3 1 1 6 /2 9 /9 4 1

1 0 /2 5 /9 1 1 1 mem 1 7 /7 /9 4 1
1 1/5 /91 1 1 9 /2 /9 3 1 7 /1 1 /9 4 1 1

1 2 /3 0 /9 1 1 1 9 /9 /9 3 1 7 /2 1 /9 4 1
1 /2 1 /9 2 1 1 9 /1 3 /9 3 1 1 7 /2 8 /9 4 1
2 /2 6 /9 2 1 1 9 /2 3 /9 3 1 8 /4 /9 4 1

3 /4 /9 2 1 1 1 0 /2 /9 3 -1 0 0 8 /1 1 /9 4 1
3 /2 0 /9 2 1 1 0 /7 /9 3 -1 0 0 8 /1 5 /9 4 1 1
4 /2 9 /9 2 1 1 1 0 /1 4 /9 3 -1 0 0 8 /2 5 /9 4 1
5 /1 9 /9 2 1 1 1 0 /1 8 /9 3 -1 0 0 1 9 /1 /9 4 1

6 /2 /9 2 1 1 1 0 /2 6 /9 3 -1 0 0 9 /8 /9 4 1
7 /8 /9 2 1 1 1 1 /1 /9 3 1 9 /1 5 /9 4 1

8 /1 9 /9 2 1 1 1 1 /9 /9 3 1 9 /1 9 /9 4 1
9 /1 /9 2 1 1 1 1 /1 5 /9 3 1 1 9 /2 2 /9 4 1

1 0 /1 /9 2 1 1 1 1 /2 5 /9 3 1 9 /2 9 /9 4 1
1 1 /4 /9 2 1 1 2 /1 /9 3 1 1 0 /6 /9 4 1
1 2 /1 /9 2 1 1 2 /9 /9 3 1 1 0 /1 3 /9 4 1
1 2 /9 /9 2 1 1 2 /1 3 /9 3 1 1 1 0 /2 0 /9 4 1

1 2 /1 5 /9 2 1 1 1 2 /2 0 /9 3 1 1 0 /2 4 /9 4 1
1 2 /2 3 /9 2 1 1 2 /2 9 /9 3 1 1 0 /2 7 /9 4 1

1 /6 /9 3 1 1 /6 /9 4 1 1 1 /1 /9 4
Notes: 1 =  Pass

0  =  Fail 
-100 =

IWB9-3I-04/NRBS
Ecotoxidty of Pulp Mills

B.3



� � ! ( ' � = �� � � + �((� � �Q ' � � ' �  � �#(0� �Q & �� '3 �# � �) � � �/ �� 	 � � (� � � �(# '  �

� � � '

�+ J� Jb )

� � � ! � "

� � �# �
� � �'

�+ J� Jb )

� � � ! � "

� ��#�
� � �'

�+ J� Jb )

� � � ! � "

� � �# �
� � �'

�+ J� Jb )
� � � ! � "

� � �# �
�J� �J* � � �J� �J� � � �J�J�� � $J*J� � �
AJA �J* � � $J�*J� � � ��JA�J�� � EJ$J�� �

� J$J* � � $JAAJ� � � ��JEJ�� � *J� �J� � �
�JA*J* � � $JA$J� � � �AJ�J�� � �J� �J� � %�� �
$JA$J* � � EJ�J� � � �J*J�A � ��J�*J�� �
EJ� �J* � � EJ�J� � � AJ�J�A � ��J�$J�� �
EJA�J* � � EJ�$J� � � �J�J�A � �AJ$J�� �

*J�J* � � Y� EJA�J� � � �J$J�A � �AJ�J�� �
*JA*J* � � *JA*J� � � �J� �J�A � �AJ��J� � �
�J� *J* � � �J$J� � � $J*J�A � �AJA�J�� �
�JA$J* � � � �JA�J�� � EJ$J�A � �AJ��J� � �

� �JAEJ*� � � �JA*J�� � *J��J�A � AJAAJ� � �
� �J*J* � � � �JA�J�� � �J*J�A � �JA*J� � �

�AJ�*J* � � �AJ�AJ�� � � �JA$J�A � �J�*J� � �
�AJAEJ*� � �J*J�� � � �J�$J�A � �J�J� � �

�J�J� � � �JA�J�� � � �J� �J�A � $JA�J� � �
�J�AJ� � � AJAAJ�� � �AJEJ�A � *JAAJ� � �
�J� �J� � � �J�*J�� � �J�AJ�� � �JA�J� � �
�JA$J� � � �J� �J� � � AJ*J� � � � �J�EJ�� �
� � � � �JA�J�� � AJA�J� � � � �JA$J�� �
� JAEJ� � � $JA�J�� � �J�J� � � � �J�J��
� J� J� � � EJAAJ�� � �J�J� � �

- � �' ��� �� T �� � ��

� �T �	 � �( �
;�AA� C

��A��;��;A9B.�3�
0"���+�"����� !��#%����%%�

=��











APPENDIX C

ECOTOXICITY OF PULP MILL EFFLUENTS
ANNOTATED BIBLIOGRAPHY





Appendix C: Annotated Bibliography

This Appendix is provided on the disk bound as the last page of this report; it contains an annotated 
bibliography on ecotoxicity of pulp mill effluents. Data entry and coding responses to the database 
is described in NRBS Project Report No. 78.

The disk comprising this Appendix contains three files, using 113,780 bytes.

1. INSTALL.BAT; being 72 bytes in size.
2. PR78.EXE; being 113,222 bytes in size.
3. DISCLAIM.TXT; being 486 bytes in size.

To install the database copy the three files on this disk to a directory on your hard drive and type 
install.bat. The result will be 13 files totalling 746,015 bytes. To use the files with the extensions 
.DBF, .FRM, .FRG, .FRO and .PRF requires d-Base IV.

�&'�'����  ��"���� �6�';0�'��'/�����20(�'/������&'�#�'�����&��� /���!��'c� �&'�-���&'� ���1'�  
=��� ��<�#/6�/�'�� ���5#��� �''��&'��33#��36�����&'�/����� �&'�-�=<�/�'�� ������#2'�� 6  
(��!�(��6������3��� �����3� �'C#' 3'���'�#(�� 5����2��&'�#�'�����&'�/���c�� /�1�/#�(��#�� 5��&��  
/����/�� ��� ' ���'(6�����&'����" � ���:�� �&'�-�=<�"�((� ���#0/��'��&'�/���� ';3'0�����/''2'/  
 '3'����6����������" �0#�0��'�







REPORT SUMMARY

This document is an annotated bibliography of government and industrial reports and 
databases pertaining the ecotoxicity of effluents from the pulp mills located on the Peace, 
Athabasca and Slave rivers in Alberta and the Northwest Territories. Key journal articles 
pertaining to the ecotoxicity of pulp mill effluents have been included because of their 
relevance even though the articles may refer to studies outside of northern Alberta.
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1.0 INTRODUCTION

1.1 OBJECTIVE

In January 1993, SENTAR Consultants Ltd. (SENTAR) was authorized by the Northern River Basins 
Study (NRBS) to compile and review water quality and related data pertaining to the ecotoxicity of 
pulp mill effluents. The project consists of three parts: data collection, a synthesis report, and an 
annotated bibliography.

The objective of the annotated bibliography is to identify and annotate the available databases, 
government and industry reports, journal papers, and other sources of information on instream pulp 
mill contaminant concentrations and loading, effluent sources, and the effects of pulp mill effluents 
on aquatic biota within the three northern rivers of the study.

1.2 SCOPE

The study area includes the Peace, Athabasca and Slave rivers within Alberta and the Northwest 
Territories (Figure 1 Northern River Basins Study Area). The study includes major tributaries to the 
three rivers; for example, the evaluation of the Peace River will include the Wapiti River-Smoky 
River system. The Lesser Slave River is a major tributary to the Athabasca River.

The annotated bibliography pertaining to the ecotoxicity of pulp mill effluents is similar to two other 
annotated bibliographies prepared for the NRBS on related topics, including nutrient and 
contaminants in the aquatic ecosystems.

The bibliography was completed on dBase IV. By using this database, topics can be searched 
electronically by key words. To assist users, SENTAR Consultants Ltd. has supplied the ecotoxicity 
of pulp mill effluents bibliography in both printed version and electronic disc. The other 
bibliographies have been prepared in the same format on dBase IV.

References pertaining to relevant studies conducted within the NRBS study area have been annotated 
(Appendix A). In some cases, these reports listed secondary sources of information which have also 
been included in this bibliography (Appendix B), but have not been annotated. These un-annotated 
references were included to give the reader the original sources of information used in the preparation 
of the annotated reports. Also included in this document are the annotations of major review papers 
dealing with the ecotoxicity of pulp mill effluents. Emphasis was placed on research which has made 
a significant contribution to the development of present-day knowledge and techniques for monitoring 
the effects of pulp and paper mill effluents.
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Table 1: Information Categories and Key Word Field Names

INFORMATION TYPE FIELD NAME

1. Location
(a) Waterbody/Basin 
0?) Geographic Descriptors

KEY WATER 
K EY G EO G

2. Physical, Chemical
and Toxicological Parameters K EY PA RA M

3. Biota
(a) Animals
(b) Plants
(c) Microbes

KEY ANIMAL 
KEY PLANT 
K EY M CRO BE

4. Sampling Media K EY M ED IA

5. Miscellaneous KEY MISC1 
KEY MISC2 
KEY MISC3

2.3 EXPLANATION OF KEY WORD FIELDS

2.3.1 W aterbodv/Basin

Kev Word Field: 
Kev Words:

K EY W A TER

ATHABASCA MACKAY PEMBINA
BEAVER MACKENZIE RED DEER
BOW MCLEOD SLAVE
CLEARWATER MUSKEG SMOKY
FRASER NORTH SASKATCHEWAN SOUTH SASKATCHEWAN
HARTLEY OLDMAN STEEPBANK
LAKE SUPERIOR PEACE THOMPSON
LESSER SLAVE PEACE-ATHABASCA WAPITI
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2.3.4 Animals

Kev W ord F ield: KEY ANIMAL
Kev W ords: FAUNA VERTEBRATE

INVERTEBRATE

This field indicates whether a document contains information about invertebrates, vertebrates or fauna 
in general. The term "fauna" is a generic term for those documents that are not specific about the 
animal(s) that are being discussed. Because these terms are so broad, further identification of the 
animal may be found in the miscellaneous key word field. For example, if  a document refers to a 
study on the effects of contaminants on fish, the key word for this field will be vertebrates. And, in 
the KEY_MISC field, "fish" will be listed. (Note: the ANNOTATION field may also contain the 
term "fish").

2.3.5 Plants

Kev Word Field: KEY PLANT
Kev Words: ALGAE FLORA

CHLOROPHYLL MACROPHYTE

This field indicates whether a document contains information about plants. The same principles apply 
for this field, as for the KEY ANIMAL field.

2.3.6 Microbes

Kev Word Field: KEY MCROBE
Kev Words: BACTERIA MICROBE

FUNGI

This field indicates whether a document contains information about microscopic biota: bacteria (total 
coliform, fecal coliform, fecal streptococci), fungi or viruses.

2.3.7 Sampling Media

Kev Word Field: KEY MEDIA
Key W ords: BIOTA SEDIMENT

EFFLUENT WATER

The type of sample that has been analyzed is identified by these key words.
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3.0 ANNOTATED BIBLIOGRAPHY

The annotated bibliography which follows in Appendix A consists of “ 166” annotated references 
from government and industry reports, scientific papers and other print sources. References cited 
in the reports have been retained in Appendix B. The major databases containing data on the 
ecotoxicity of pulp mill effluents can be found in Appendix C. A copy of the terms of reference have 
been included in Appendix D.
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