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A major goal of the Northern River Basins Study is to 
determine the effects of contaminants from industrial 
and municipal sources on the aquatic ecosystem of 
the Peace, Athabasca and Slave rivers. Contaminant 
information for these basins was lacking and 
additional research needed to be done to describe 
the nature and distribution of chemical contaminants 
entering the rivers. Such information would allow 
scientists to assess contaminant fate and toxicity for 
aquatic life and humans. People were particularly 
interested in the dioxin / furan group of chlorinated 
hydrocarbons because of their toxicity and ability to 
bioaccumulate in animal / fish tissue. Three Alberta 
pulp mills used chlorine in their pulping processes 
and were known contributors of dioxin and furan.
The presence, abundance and affects of these 
compounds in the basin were of major interest.

This report succeeds an earlier report that described 
the levels of polychlorinated dibenzo-p-dioxins and 
dibenzofurans in water, sediment, suspended 
sediment, invertebrates and mountain whitefish and 
northern pike samples collected during the spring of 
1992. A significant finding of the earlier work was the 
high concentration of these contaminants in fish flesh 
near the pulp mill at Hinton and the role that 
suspended sediment transport may have in the 
availability and movements of contaminants in the food chain. Follow-up collection and analysis of fish 
(mountain whitefish, burbot) and sediment samples throughout the Study area was undertaken to describe 
possible spatial and temporal trends.

Examination of data arising from NRBS, industry and other regulatory initiatives, indicates that there has been 
a definite decline in the 2,3,7,8 - trichlorodibenzodioxin and furans found in fish tissues below Hinton but that 
most of this decrease took place between 1988 and 1992. Some fish tissues, e.g., burbot liver, tend to have 
higher concentrations of dioxins and furans. Generally, there has been a 3 to 5 fold decline in the previously 
reported levels of contaminants, depending on location and fish species. Except for some individual fish tissue 
measurements, e.g., burbot liver, the mean concentration of contaminants found in all fish sampled were below 
the level set by Health Canada for the commercial sale and export of fish (20 parts per trillion). Examination of 
composite fish muscle tissue samples collected from the Peace-Athabasca delta subsistence fishery revealed 
concentrations at or near the level of analytical detection. These latter values compared favourably with values 
obtained at other control or far field sample-sites.

The decline of the dioxins and furans is attributed in part to the pulp mills instituting a change in pulping 
processes from elemental chlorine to chlorine dioxide substitution. Further work is recommended to determine 
whether the diminishment of the contaminants in fish tissue, water and sediment will continue since dioxins and 
furans present themselves as more of a human health concern than PCBs or organochlorine pesticides. Levels 
of dioxins and furans in the Hinton to Whitecourt reach of the Athabasca River exceed draft Canadian 
Environmental Quality Guidelines for protection of wildlife (1.1 part per trillion) and warrants further examination 
to see if the observed declines continue to a level below draft EQG.

Related Study Questions

4a) Describe the contents and nature of the 
contaminants entering the system and 
describe their distribution and toxicity in 
the aquatic ecosystem with particular 
reference to water, sediment and biota.

8) Recognizing that people drink water and 
eat fish from these rivers systems, what is 
the current concentration of contaminants 
in water and edible fish tissue and how are 
these levels changing through time and by 
location?

13a) What predictive tools are required to 
determine the cumulative effects of man­
made discharges on the water and aquatic 
environment?

b) What are the cumulative effects of man­
made discharges on the water and aquatic 
environment?





REPORT SUMMARY

As part of the work to examine the impact of development on ecosystem health and integrity on the 
Peace and Athabasca river basins in Alberta, the Northern River Basin Study (NRBS) was required to 
determine “the contents and nature of the contaminants entering the system ... particular reference to 
water, sediments and biota" and to determine “... the current concentration o f contaminants in water 
and edible fish tissue and how are these levels changing through time and by location". The Reach 
Specific Study (RSS) was designed to measure spatial and temporal trends o f contaminants including 
polychlorinated dibenzo-p-dioxins and -dibenzofurans (PCDD/Fs) in sediment, water and and biota 
(fish and invertebrate) samples collected at six locations on the upper Athabasca River downstream 
of Hinton (AB) in spring 1992, fall 1992 and spring 1993. The General Fish Collection (spring 1992), 
the Long nose sucker and Northern pike liver study (fall 1994) and the Special Burbot Collection (fall 
1992 and 1994), and the Ft. Chipewyan winter fishery study (1994/95) were also conducted to examine 
levels in fish tissues within the Athabasca, Peace and Slave River basins. The purpose of this report 
is to summarize the levels o f PCDDs and PCDFs in fish from these various studies and to assess 
temporal trends of 2,3,7,8-TCDD and 2,3,7,8-TCDF by comparison with previously published data. 
A second objective was to reexamine pathways o f accumulation of 2,3,7,8-TCDD and 2,3,7,8-TCDF 
from water and suspended sediment to fish, first measured in the upper Athabasca River in 1992 
(Pastershank and Muir 1995).

The major PCDD/F congeners in muscle (skinless fillet) of mountain whitefish and northern pike 
samples collected in the upper Athabasca River downstream of Hinton in fall 1992 and spring 1993 
were 2,3,7,8-TCDD and -TCDF. Mean concentrations of 2,3,7,8-TCDD in mountain whitefish ranged 
0.6 to 7.7 pg-g'1 wet wt and from 1.7 to 9.8 pg-g"1 for 2,3,7,8-TCDF. Concentrations o f other 2,3,7,8- 
substituted penta- to octachloro- PCDD/F congeners were generally much lower or non-detectable in 
both species. Two lower chlorinated congeners, 2,7/2,8-dichlorodibenzodioxin and 2,3,8- 
trichlorodibenzofuran were detected in most samples of mountain whitefish from fall 1992 at low pg-g'1 
concentrations. TCDF was the most frequently detected PCDD/F congener in longnose sucker and 
northern pike livers collected from the Wapiti/Smoky and Peace Rivers in fall 1994. TCDF 
concentrations in liver were in the low pg-g'1 range similar to levels in muscle of these species. Highest 
concentrations of TCDF in livers of longnose sucker (9.2 ± 17.8 pg-g"1) were found at a site on the 
Smoky River (SRI) downstream of the pulp mill effluent near Grande Prairie.

Temporal trends in 2,3,7,8-TCDD and -TCDF in mountain whitefish were examined over a four year 
period by combining the three sampling times in the upper Athabasca River with data from previous 
studies (DFO National Dioxin Program 1989). There was a definite decline in 2,3,7,8-TCDD and - 
TCDF concentrations in mountain whitefish downstream of the Hinton but most o f the decrease took 
place in the period 1989 to 1992. The extent of the decline depends to a large extent on which results 
for spring 1993 are used. If samples from the near-field sites o f Weldwood and Obed (mean 
concentrations of 1.1 and 2.6 pg-g"1 wet, for TCDD and TCDF respectively) are used the decline is 
about five-fold for both TCDD and TCDF over four years. But if the fish from Emerson Lake (48 km 
downstream) are included (mean concentrations are 3.6 and 7.1 pg-g"1 wet, for TCDD and TCDF, 
respectively) the decline is about 3-fold.

In general, concentrations of PCDD/Fs were higher in burbot liver than in muscle or liver of mountain 
whitefish or northern pike and a greater number of congeners were detected. TCDF was detected
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(mean concentrations, 0.30 to 65 pg-g'1) in 86% of all 203 burbot liver samples analysed, while 2,3,7,8- 
TCDD was detected in 35% of samples (mean concentrations, <0.3 to 8.5 pg-g'1). Two other 2,3,7,8- 
substituted- PCDD/F congeners, 1,2,3,6,7,8-HxCDD and the heptachlorodioxin, 1,2,3,4,6,7,8-HpCDD 
were detected in 37% of burbot liver samples. OCDD was also detected relatively frequently (17%) 
while OCDF was found in only 3 of 203 samples. Di and trichloro-CDDs and CDFs were detected 
infrequently in burbot liver and at low levels relative to tetra- to octachloro congeners. Significantly 
higher levels (ANCOVA; Tukey’s or least squares means test) of TCDD and TCDF were found in 
burbot liver downstream of the Hinton BKM than at all other sites.

Levels of 2,3,7,8-TCDD and -TCDF in burbot liver were lower in the. fall 1994 collection than in fall 
1992 at four sites; downstream of the Grande Prairie pulp mill outlet, PR2 on the Peace River near the 
mouth of the Notikewin River (674 km from confluence of the Peace/Slave), and PR3 upstream of Fort 
Vermillion (396 km). Comparison of concentrations in burbot liver near the BKM at Grande Prairie 
was problematic because sampling sites were not in the same locations each year. Nevertheless, the 
results show a decline o f 4 to 17-times in the case of 2,3,7,8-TCDF at three sites. No significant 
decline of TCDD or TCDF concentrations was found in burbot livers from PR2. The burbot liver 
results, expressed as TCDD TEQ’s, also agreed well with those of Swansonet ak (1995) who found 
a 5-fold decline in TEQs downstream of the Grande Prairie BKM between summer 1991 and spring 
1994.

Concentrations of all 2,3,7,8-substituted PCDD/F congeners in composite samples of fish muscle from 
the Ft. Chipewyan domestic winter fishery in the Peace-Athabasca delta were at or near detection limits 
(<0.1 to <0.8 pg-g'1). Only 2,3,7,8-TCDF was detectable in most samples (<0.1 to 0.5 pg-g'1). Burbot 
liver samples from the three sites in the Peace-Athabasca delta had higher levels of 2,3,7,8-TCDF than 
burbot muscle (1.7 to 2.9 pg-g'1). These levels were similar to those at other far-field and reference sites 
located far from BKMs.

The bioavailability of TCDD and TCDF to mountain whitefish and northern pike was assessed using 
biota-sediment (or suspended sediment) accumulation factors (BSAF/BSSAFs). BSAFs for 2,3,7,8- 
TCDD ranged from 1.1 to 2.0 and for TCDF from 0.19 to 1.63 in mountain whitefish in spring 1992. 
A similar range of BSAFs was found in 1993. BSSAFs for both 2,3,7,8-TCDD and TCDF were 
generally lower and showed greater consistency than BSAFs with distance from the BKM. The results 
suggest that TCDD/TCDF levels in fish can be estimated with an average, site specific, BSAF or 
BSSAF using concentrations of TCDD/F in bed sediment or suspended sediments. Application of the 
Thomann and Connolly food chain model (steady-state version) to predict levels of TCDF in the food 
web downstream of Hinton showed that good agreement between predicted and observed results could 
be obtained for benthic feeding organisms (and longnose suckers and pike) which were close to 
equilibrium with sediments or biofilm. The model overpredicted concentrations in filter-feeding 
invertebrates and mountain whitefish; these organisms are not in equilibrium with TCDF in the water 
and suspended solids in the river due to the dynamic nature o f the system.

All mean concentrations of TCDD TEQs in fish muscle or liver were below the limit of 20 pg-g'1 (wet 
wt) set by Health Canada for commercial sale and export of fish. A few individual samples, mainly 
burbot liver from the Athabasca River downstream of Hinton, exceeded the 20 pg-g'1 guideline. 
Assuming TCDD TEQs of 8.3 pg-g'1 in mountain whitefish downstream of Hinton a 60 kg individual 
would have to consume 72 g of mountain whitefish muscle per day to exceed the Health Canada
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1.0 INTRODUCTION

-��� "��������#�����$�����%�&��� '"#$%(� ���� ��������� ��� ������������ �� ����� � � ������������� ���
��������� ������������������������������� ������������ ����������� �������������"����� ����-����������V�
���� ����!������!�����%����+� -�������������� 100 ���<����������������&��������V� contaminants, �&�������!�
���������0�����&����!� ��������� �����!� ����� �����!� ���������0���������!� ������������ ���������!� ����
������ &���+� -���� ������� �&�����.��� ���&���� ���� ���������������� �� ��.������������ '��//�(� ����
������������������ ��.��&����� '��/1�(� ���������� ����������������������� �����#������&���������� � ��
1992, ������� 1993, �������������������� �������������� 1994-95, ������� &� ����������������������� ����
�������� ����!�����������%�����#������������������� &��������&��������������� � � 1994.

-���"#$%���&��� ������������������3?��&������)&��������������&������<�����������������������������
�������+� -����� ��)&��������� �������������������������������V

8��(� ,A��������������������� �������&���� � ����� �������������������������� ������ �������������
������������ &��������������������������)&����� ����������� ����������&����������������������!� ����������
���� ����	,

;(� ,+++��������������&��������������������� ������������������������������� ������������&����������
������������������������������&������������ ����������	,

-���#�����%��������%�&���'#%%(�������������������������� ��3445�������������������������������)&��������
 �� ������ ������ �������� ���� ��������� ������� � � ��� ������ �&���� � � �������������� '������!� �������������
�������� ���!� ��������������� ����������!� ��//01�(� ��� � ������ ����  ������ �������� ���������� ��� ����
�����������������&��������� �����#����������������� � �2�����!��� ����+�-���6�������1���������������
��������%�������$&� ��������������'3445����� 3448(!���������1��������������� �����������������������
��&��� ��������������&����������������������������������������������������������!����� ���������%�����
#����� �����+�7����������������������������&�������������������������&������ ��� �����#�������� 3445�
�������������������������//01�+� #��&����������//01����������������������!�����������&����������
���������������&����������������������&��������� �����#��������������� 3445������ ������������� ��
����������������=&���'3449(+�#��&����������$�!�����������������������������������������������������
��� ����� ���� � ����&����� ���� �����#����� ��&��!� ���� 6������� 1���� ����������!� 1�+� ���������� �������
����������������!� ����%�������$&� ���������������������������� ������������������=&���'344?(+

-��� ��������� � � ����������������� �� ��.������������ ���� ��� ��.��&����� '��//01�(� ��� ������� ����
���������������������� � ��&���������&�������������� ���������'$K=�(����� ������������&����������
������� 'A������� ��� ��+� 344�I� -�&���� 3443(!� ����P%� 'K�&��� ��� ��+� 34;4(� ����E&����� '%������������+�
34;;(�������������� ����������34;:+�-����&����������������&��������������!�����P%������%�����������
���� ���&�������� ���������� � ����//01�� �����&������� ���&��� � ����5!� �& ����&����� � � ��3>5!� ���� ������
�����������������������������������������'%���� ���������+� 3449(+

C������� �&������� ����������� ���������������������������� � �����$K=������ � �������� 34;;�;4��������
������� ����������� � ������� ��� �������������//01����������!� 5!�!:!;�������������� ��.�����������
'5!�!:!;�-�//(���5!�!:!;�������������� ��.��&���'5!�!:!;�-�/1('-�&����3443I�A�������� � � � �344�I�
D����� ��� ��+� 3448(+� %����� ���������� ���� �&������������� ���&����� ������� ���������� ����� ���������
���&��������&���� �������&������������+� A������&�����������7��+����6��������������'A������#����(����
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implemented a 25% substitution o f molecular chlorine with chlorine dioxide in 1989, which rose to 
70% in early 1991, and 100% during the summer o f 1992 (Owens et al. 1994). In June 1993, the 
W eldwood o f Canada Ltd. at Hinton (Athabasca River) shifted from 45% to 100% substitution of 
molecular chlorine with chlorine dioxide. As of October 1995, three of the four BKMs on the Peace- 
Athabasca system were at 100% C102 substitution with only the Diashowa mill still using molecular 
chlorine. Emissions o f 2,3,7,8-TCDD by each of the three mills at full C102 substitution were <1 pg-L'1 
(the approximate detection limit) while emissions o f 2,3,7,8-TCDF continued at low levels (<1.6 - 6.3 
1 pg-L'1)(Weldwood 1995). These changes in the pulp bleaching technology have been shown to 
reduce the loadings o f PCDD/Fs to the Wapiti/Smoky Rivers and to reduce the concentrations in 
riverine biota (Owens et al- 1994). A similar trend was anticipated downstream of Hinton although 
past emissions deposited in sediments along the river bed could be remobilized during high flows 
thereby complicating interpretion o f the bioaccumulation pathway. Initial work by NRBS on PCDD/Fs 
in the aquatic food web in spring 1992 (Pastershank and Muir 1995) did not address temporal trends 
because it represented a single “snapshot” of the prevailing concentrations.

The purpose o f this report is to summarize the levels o f PCDDs and PCDFs in fish from fall 1992 and 
spring 1993 in the upper Athabasca River and to assess temporal trends of 2,3,7,8-TCDD and 2,3,7,8- 
TCDF in fish from this reach using previously published data. A second objective was to examine the 
spatial trends o f PCDD/Fs in burbot livers collected in 1994 and to compare them with results from 
1992 and with other reports on PCDD/Fs in burbot liver from studies on the Slave River, Great Slave 
Lake and other subarctic lakes.

7��� ����������������	������������������������ ��������������

In our previous report (Pastershank and Muir 1995) we reviewed the published information on 
physiochemical properties, persistence, bioaccumulation and toxicity o f PCDDs and PCDFs. This 
information is briefly summarized in the following section with references to the appropriate scientific 
literature.

7���� ���������8������������������� �����

PCDDs and PCDFs are large families of chlorinated hydrocarbons consisting o f 75 PCDD and 135

2,3.7,8-TCDD 2,3,7,8-TCDF

PCDF congeners (each congener having a different Cl substitution pattern). The core molecules are 
tricyclic aromatic structures: two benzene rings connected by a third ring containing a single oxygen 
atom for the furans and two oxygen atoms for the dioxins (see structures 2,3,7,8-TCDD/F above). 
PCDD/Fs all display relatively similar molecular, physical, and chemical properties. An increase in 
chlorine substitution o f PCDD/Fs is positively correlated to greater hydrophobicity (insolubility in 
water), lipophilicity (strong affinity for lipids), and environmental persistence (Mackay et ah 1992).
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PCDD/Fs are characterized as environmentally stable and persistent compounds. Recent reviews by 
Fletcher and McKay (1993) and Hites (1990) provide good overviews of current information on the 
environmental behavior o f PCDD/Fs. The two major pathways of degradation o f PCDD/Fs in the 
aquatic environment are photolysis and biodegradation.

The toxicity o f  2,3,7,8-TCDD to aquatic life was thoroughly reviewed in a recent report by the US 
Environmental Protection Agency (USEPA 1993). Most studies support the hypothesis that fish are 
more sensitive to 2,3,7,8-TCDD than mammals or aquatic macroinvertebrates (USEPA 1993). Toxic 
effects caused by 2,3,7,8-TCDD/F in fish are species-specific and include effects on mixed function 
oxidase (MFO) enzyme induction, reproduction (e.g., hormone dysfunction and fetotoxicity), 
behaviour, immune systems, and development (e.g., wasting syndrome), as well as hepatoxicity (e.g., 
liver lesions) and teratogenicity (birth defects)(Cooper 1989, USEPA 1993). Increases in mortality 
occurred in lake trout fry when body burdens exceeded 0.055 ng g'1 (Walker et al. 1991). The levels 
o f 2,3,7,8-TCDD required to generate a 50% lethality (LDS0) in carp and rainbow trout ranged from 
one to two ng g '1 (Cook et al- 1991). MFO enzyme activity responses to 2,3,7,8-TCDD have been 
observed in rainbow trout liver at 0.02 ng g'1 (Parrott et al. 1995).

2.2 SOURCES OF PCDDs AND PCDFs

PCDDs/Fs were first detected during the late 1980's in the pulp, effluent, and sludge from BKMs using 
chlorine (Keuhl e t a l  1987, Swanson etal- 1988, Amendola et aL 1989, Clement et a l  1989, Safe 
1990) and in many pulp products such as paper, coffee filters, and diapers (Safe 1990). The 
predominant PCDD/Fs identified in the effluent o f BKMs were 2,3,7,8-TCDD, 2,3,7,8-TCDF, and
1,2,7,8-TCDF (Muller and Halliburton 1990).

The production o f PCDD/F is the result of aqueous chlorination of the precursor molecules such as 
unsubstituted dibenzo-p-dioxin and dibenzofuran, chlorophenols, and chlorinated hydroxydiphenyl 
ethers. These precursors are formed during either the chlorination or extraction stages o f pulp 
production as a result o f a complex series o f reactions including chlorination, oxidation, and 
demethylation (Alasdair et al. 1990, Fiedler et ah 1990, USEPA 1990). It was found that the 
substitution of the strong chlorination agent, molecular chlorine, with other oxidants such as C102 and 
hydrogen peroxide could substantially reduce emissions of many chlorinated byproducts including 
PCDD/Fs (Swanson et al. 1988, Craig et al. 1990).

Other possible sources of PCDD/Fs in pulp mill effluent are the tetra- and pentachlorophenol 
fungicides. PCDD/Fs were found to be contaminants in these fungicides which were used to treat 
wood chips, especially in coastal BC (Yunker and Cretney 1995; USEPA 1990). Penta- and 
tetrachlorophenols are no longer registered for use for wood preservation in Canada, however, they are 
persistent compounds which may still be found at some locations. This source is characterized by non- 
detectable levels o f  2,3,7,8-TCDD, and higher proportions of hexa-, hepta- and octachloro-dioxin and 
-furan congeners (Hagenmaier and Brunner, 1987).

The major source o f PCDD/Fs to the global environment is combustion, especially emissions o f waste
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2.3 INTERNATIONAL TOXICITY EQUIVALENT FACTORS (I-TEFS)
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����&������ ���&��������������C�-E1� ������������������������V
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3.0 METHODOLOGY

3.1 SITE LOCATIONS AND SAMPLE DESCRIPTIONS
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Figure 1. Locations of Sampling Sites for fish in the RSS near Hinton, basin wide burbot 
collections in 1994 and Ft. Chipewyan winter domestic fishery study (1994-95)
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PCDD/F concentrations were also determined in mill effluent and river water (centrifuged with a 
continuous flow centrifuge), as well as suspended sediments (centrifuged solids) were collected in 
early February 1993. Depositional sediment were collected in early May 1993. Sampling locations 
were the same as those described in Pastershank and Muir (1995). Further details on the sampling and 
analysis o f water, effluent, sediments and suspended sediments are given by Crosley (1996a,b,c).

3.1.2 Longnose sucker and northern pike liver analysis f19941

A set o f 22 liver samples from longnose suckers and 11 samples from northern pike collected in fall 
1994 on the Wapiti/Smoky and Peace Riverswere analysed for di- to octachloro-PCDD/Fs. Sampling 
o f suckers and pike was carried out a one site above Grand Prairie (WR1), at one site on the Smoky 
River downstream of Grand Prairie (SRI) and at two sites on the Peace River (PR1 and PR2).

3.1.3 Basin wide Burbot Collection fSept to Dec 19941

Burbot (Family Gadidae, L o ta  lo ta  (Linnaeus)) were caught between September and December 1994 
at 26 sites along 12 major rivers and deltas in northern Alberta as well as in the Slave River delta 
(Figure 1). Sampling site descriptions are summarized in Table 2. A total o f 236 burbot were 
collected. Ages were available on 213 and length and weight on 215 o f the samples. For analysis o f 
PCDD/Fs samples from some sites were combined (e.g. A la  and A lb, WR1 and WR2) resulting in 
20 sites comprising a total o f 203 burbot liver samples.

3.1.4. Fort Chipewvan Winter Domestic Fishery study (4994-19951

A survey o f contaminants in the Fort Chipewyan Winter Domestic Fishery was conducted in the 
winter o f 1994-1995. Burbot, northern pike, lake whitefish (C o re g o n u s  c lu p ea fo rm is), Goldeye 
(Family Hiodontidae, H io d o n  a lo so id e s  (Rafmesque)), walleye (Family Percidae, S tizo s ted io n  v itreu m  
(Mitchill)) were collected from three sites in the Peace-Athabasca delta region: Quatre Fourches, 
Jackfish Lake Fishing Village, and Potato Island (Lake Athabasca) in the Fall o f 1994 and winter of 
1995. Jackfish Lake Fishing Village is located 1208 km downstream from the Weldwood Pulp and 
Paper Mill (35 km from Lake Athabasca) while Potato Island is in Lake Athabasca south o f Fort 
Chipewin. Composite muscle samples from eight to ten individual fish o f each species from each o f 
the three sites (plus burbot liver composites) were analyzed for PCDD/Fs.

:�7� ���������������������	������������

Fish sampling procedures are outlined in NRBS reports by EnviResource Consulting Ltd (1995). 
Concentrations of PCDD/Fs in biological tissues were determined by ETL using procedures identical 
to those for previous studies (ETL 1995). Samples of fish muscle and macroinvertebrate tissues (=10 
g) were mixed with Na2S 0 4 and Soxhlet-extracted following addition o f 13C12-surrogates. A portion 
o f this extract was analyzed for lipid content. The remainder of the extract was initially subjected to 
sulfuric acid charring, followed by multisilica, Florisil, basic alumina and carbon column 
chromatography. The extracts were dried prior to adding a solvent containing internal standards. 
Analysis for specific PCDD/F congeners was performed by GC-high resolution mass spectrometry.
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Table 1. Sampling sites for the upper Athabasca River, September/October 1992 and�
February/March 19931
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Table 2. Collection Sites for Burbot in the Northern River Basins Study Area, September to�
December 1994.
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3.3 QUALITY ASSURANCE

Quality assurance protocols axe described in the analytical data reports by ETL. In brief, the 
laboratories followed quality assurance requirements set out by Environment Canada (1992) which 
include the use o f 13C-PCDD/F surrogates, blank analyses to demonstrate laboratory cleanliness, multi­
level instrument calibration to demonstrate linearity o f mass spectrometer response, and analyses of 
duplicate samples once every 10 samples. Sample extraction and analyses were repeated if  surrogate 
recoveries were less than 40% or greater than 120%. Detection limits were calculated for each 
congener in each sample, based on a method detection limit (MDL) o f three times the standard 
deviation o f the analyte peak in the sample blank.

3.4 STATISTICAL ANALYSIS

Mean concentrations o f PCDD/Fs were calculated assuming non-detect concentrations were at 
detection limits as was done by Pastershank and Muir (1995). This decision was based on the fact that
2,3,7,8-TCDD and -TCDF were detected in most samples and could reasonably be assumed to be 
present in all other fish tissues at or near detection limits.

The Student's t-tests (p = 0.05) or non-parametric tests were used to compare levels o f 2,3,7,8-TCDD/F 
in mountain whitefish and northern pike (fall 1992) at each site and to examine differences between 
spring 1992 and fall 1992 concentrations. The Univariate Procedure was used to test the normality of 
all data. If  the assumptions of normality or homogeneity o f variances were not met, the data were 
analyzed with the nonparametric Wilcoxon Rank Sum test or Mann-Whitney U test ( a t p  = 0.05). Proc 
Corr (SAS 1991) was used to determine if the levels o f 2,3,7,8-TCDD/F correlated with the length, wet 
weight, and age o f the fish for each site. To test the effect o f location (upstream vs. downstream BKM 
sits) on the bioaccumulation o f TCDD/F in mountain whitefish and northern pike the "post hoc" 
Wilcoxon Rank Sum test (PROC NPAR1 WAY, p = 0.05) was used.

Data for 2,3,7,8-TCDD and -TCDF in burbot liver were compared using Analysis o f Covariance 
(ANCOVA) following the approach of Hebert and Keenleyside (1995). A subset o f the larger database 
consisting o f 186 samples for which weight, length and lipid as well as TCDD/F concentrations were 
available for each fish was used. To avoid spurious correlations from substituting detection limit 
values, random numbers between the detection limit (0.3 pg-g'1 ) and 0.05 pg-g'1 were used. For 
ANCOVA TCDD and TCDF concentrations were log transformed and % lipid was arcsine transformed 
to reduce skewness. Results of the ANCOVA showed that lipid was a significant covariate for TCDF 
(P=0.022) but not for TCDD (P>0.1). There was no significant lipid-site interaction for TCDF. 
Therefore comparisons for TCDF among locations were made with least-square mean concentrations 
adjusted by the common slope of lipid vs TCDF derived from the ANCOVA (Hebert and Keenleyside 
1995). Comparisons o f mean TCDD concentrations between sites were made using Tukey’s multiple 
means test using the mean square error from the ANCOVA (SAS 1991).
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4.1.1. Spatial trends o f PCDD/Fs in fish

The major PCDD/F congeners in muscle (skinless fillet) of mountain whitefish and northern pike 
samples collected downstream of Hinton in the upper Athabasca River were 2,3,7,8-TCDD and -TCDF 
(Table 3 and 4). Concentrations of other 2,3,7,8-substituted penta- to octachloro- PCDD/F congeners 
were generally much lower or non-detectable (Appendix Table A l). Two lower chlorinated congeners, 
2,7/2,8-dichlorodibenzodioxin (diCDD) and 2,3,8-trichlorodibenzofuran (TrCDF) were detected in 
most samples o f mountain whitefish from fall 1992 at low pg-g'1 concentrations (Appendix Table A2). 
Concentrations o f 2,3,8-TrCDF in whitefish ranged from <0.1 pg-g'1 at the upstream site to 1.9 pg-g'1 
immediately downstream of the Hinton Combined Effluent (HCE) at Weldwood Haul bridge. Non-
2,3,7,8-substituted PCDD/Fs (with four or more chlorines) were also detected in mountain whitefish 
and pike muscle but at much lower concentrations than 2,3,7,8-TCDD or -TCDF. Concentrations of 
non-2,3,7,8-substituted TCDFs in whitefish ranged from 1.1 pg-g'1 at the Weldwood site, 0.2 pg-g'1 at 
Emerson Lakes and <0.1 pg-g"1 at Obed (Appendix Table A2). The overall ranking o f congeners in

�*5/'�:�� �$39*)�+$%�$,�78:8B8A4�����*%-�78:8B8A4�����=91C1 ��D���>��%��$)(2')%���E'�*%-  
	$.%(*�%��2�(',�+2�	.+&/'�,)$3�(2'��(2*5*+&*����')8��'9(0�&(��667�

Northern pike Mountain whitefish

Location
Pg'g'1 

(wet wt)
N Pg'g'1 

(wet wt)
N NPARlWAYa 

(p = 0.05)
78:8B8A4����
U/S Hinton (-10 km) NDC ND 0.58±0.63 4 N/A
Weldwood Haul Bridge (1 km) 0.1 1 5.3±6.5 4 N/A
Obed Coal Bridge (19 km) ND ND 5.1±2.7d 5 N/A
Emerson Lake (48 km) 0.25±0.071 2 7.7±9.3 4 *b

Knight Bridge (116 km) 1.0±1.7 7 0.80±0.63 4 NS
Windfall Bridge (176 km) 0.94±1.0 7 ND ND N/A
78:8B8A4����
U/S Hinton (-10 km) ND ND 1.7 ±1.9 4 N/A
Weldwood Haul Bridge (1 km) 0.2 1 7.2±5.7 4 N/A
Obed Coal Bridge (19 km) NDC ND 7.3±6.6 5 N/A
Emerson Lake (48 km) 0.55±0.21 2 9.8±13 4 *b

Knight Bridge (116 km) 3.2±5.8 7 1.8±0.43 4 NS
Windfall Bridge (176 km) 3.0±3.5 7 ND ND N/A

a This column tests significant differences between the levels of TCDD or TCDF in mountain whitefish and
northern pike. Symbols: NS = Not Significant; ND = No Data; N/A = Not Applicable. 
b Significantly higher in fall 1992 samples (NPAR.1 WAY, p < 0.05).
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Figure 2. Temporal and spatial trends o f 2,3,7,8-TCDD levels (pg g '1 wet wt) in mountain 
whitefish (1992-93)
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Figure 3 Temporal and spatial trends o f 2,3,7,8-TCDF levels (pg g"1 wet wt) in mountain whitefish 
(1992-93)
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Figure 4. Decline in concentrations o f 2,3,7,8-TCDD and - TCDF in mountain whitefish fillets 
from the Athabasca River downstream of Hinton AB - 1989-93. Vertical bars represent one 
standard deviation.

<F

��('*#� ��=�� ��('*#� ����  
�G<� �G��

�)66������ ��('*#� �� �<
�G�� �G"�@>25�B

��



������������������� ������������������������������� 344�+�-������������ ����������������������� �������
���������� 3445������������ 344�� �������� � �-�//����-�/1�����������������E�������7����'��G>+>9(+�
D�����'��������� �����������(���//01����������������������������� ���� ������������������������� 344��
������������������'���������-� ����5(+�/������������������//01����������������������������� 344��
�������+

8!3+5+� -��������-������� � ���//01���������

-��� / ���� � � �1��������� ����D������ ��������� ������� �&����� ����&���� �� ��������� ����� �����������������
A����������� ������� 34;4�'A������� �����+� 344�(+� -�&�������������� ������ ��������������������������
5!�!:!;�-�//�����-�/1����������&�������������+�-��������� ��������������������������5!�!:!;�-�//�
�����-�/1���������������������&���������������������������� ������2������ &�������� � ��������������
����������� �������������� 34;4���� 3445�'1��&���8(+�-����������� � ���������������������������������������
���� ��������&��������������� 344�� ����&���+�1��&���8�����&�������� ����������������������������������� ��
A�������� ���� D ��� '����� ��������������� � �� 3+3� ���� 5+?� ����@3� ���!� ���� -�//� ���� -�/1�
������������(+� $&�� � � � ���� ����� ����� E������� 7���� '8;� ��� ����������(� ���� ����&���� �����
��������������� ���� �+?� ���� :+3� ����@3� ���!� ���� -�//� ���� -�/1!� ������������+� -����� �������
��������������� ���� ���� �������������� ������ '�T>+>9(� ����� ������� �������� 3445� ���&���+� %������� ��� ��+�
'3449(���&������������������� ���-�//�����-�/1������&������������������������������������������
�������$K=����6�������������!������������������������������� 3>>F��3>5��& ����&����+�-���$K=����2������
�������������������&����3>5��& ����&�����&���������344�!�����5!�!:!;�-�//������-�/1��������������
������� ����&������������������������������ �����G3� ���?+9����7@3����������5����83� ���7@3!�������������!�
�&����������������������� 3445����=���344�� '�� �����E�����������3449(+

����� �������������������� � �5!�!:!;�-�//������-�/1�������������������������������������������������
���������&���������A��������#����%��������+�-�//01����&�������������������������������� 3445������
�������� ������������������=&���'3449(+�%��������������������������������� ������K������$����������
A�������� $������ ��������� �����+� "�� ������������ ������������ '�G>+>9(� ��� ����� ��������������� �����
� ������� ��� ��������������������������������������������������������'���&�������������(+

;�7� ����0�����������������������������������������������=�66;>

-� ������� �� �������� � ����������� �&����� ������� ���� 33� �������� � � ���������� ����� ������� ���� � ��&��
�����������������A�����0%���������������#��������������������������������������������//01�+�#��&����
����5!�!:!;�-�/ / � ���� �-�/1� ���� ���������� ��� -� ��� 9� ���� ���&���� ���� ���� ���������� ���� ������ ���
�����������-� �����8������9+�-�/1�����������������)&������������������������������������������ ��
 ������������'���������-� ����8(+�2����������������������� ��5!�!:!;�-�/1��������������&������������
�������&������%#C+�-�/1���������������������������������������A#3� '&��������� ������A�������&����
�������7���$K=����6������������(� &���������������������������������� ����������� ������������� ������
#�����'-� ���9(+�-�//���������������������������������������������������������� ���������������������
������������� � �55���������� � �����������&�����������+�/��������������������//01�����������������������
�����������������&�����������������������������'���������-� ����9(+� /��������������������������������
������������������������������������������5!�!:!;�-�//01+�"����������//01������������������������
� ���� ���������� ������� ��� ��������� �&����� ������ �������+� 2������!� ��������� ����� ������ ����� A#3�
������������� ��������� ������������������������������������������ � ���&����������'���������-� ����8(+

2*



Table 5. Concentrations of 2,3,7,8-TCDD and -TCDF (pgg1 ±  SD wet wt) in Longnose sucker 
and Northern Pike liver from the Wapiti/Smoky and Peace Rivers, fall 1994

River/Location/species DL
Pgg’1

Min - Max Frequency Mean ± SDa 
Pgg'1

L on g n o se  su ck er

Wapiti WR1 TCDD 0.3 <0.2 - 0.8 (1/6) 0.1
TCDF 0.3 0.6 - 5.4 (6/6) 2.2 ± 1.9

Smoky SRI TCDD 0.4 <0.2 - <0.8 (0/5) <0.4
TCDF 0.4 0.6-41.0 (5/5) 9.2 ± 17.8

Peace PR1 TCDD 0.3 <0.2 - <0.3 (0/5) <0.3
TCDF 0.3 <0.2 - <0.3 (5/5) <0.3

PR2 TCDD 0.3 <0.1 - <0.4 (0/6) <0.3
TCDF 0.3 <0.1 - 0.5 (3/6) 0.1 ±0.20

N orth ern pike

Wapiti WR1 TCDD 0.4 <0.2 - <0.4 (0/4) <0.4
TCDF 0.4 1 - 4 (4/4) 2.3 ± 1.5

Smoky SRI TCDD 0.3 <0.2 - <0.3 (0/2) <0.3
TCDF 0.4 1.8 - 3.6 (2/2) 2.7

Peace PR1 TCDD 0.4 <0.2 - <0.5 (0/2) <0.4
TCDF 0.3 <0.2 - <0.4 (0/2) <0.3

PR2 TCDD 0.1 - (0/1)
TCDF 0.2 - (1/1) 0.2

Means ± SD are calculated where concentrations are above detection limits in three or more samples.

4.3. BASIN WIDE SURVEY OF PCDDs AND PCDFs IN BURBOT LIVER (1994)

4.3.1. Spatial trends of PCDD/F

O f the 203 burbot liver samples analysed, results from 186 samples from 16 sites were also available 
with age, "  lipid, length or weight data. Concentrations of 2,3,7,8-TCDD and -TCDF, the major 
PCDD/F congeners in these samples, along with weight, length, age and % lipid for the same animals 
are presented in Table 6. Mean concentrations and detection frequency of homolog groups and major 
congeners for the complete set o f 203 samples from 20 sites are given in Appendix Table A6.

In general, concentrations o f PCDD/Fs were higher in burbot liver than in mountain whitefish or 
northern pike muscle and a greater number of congeners were detected (Appendix Table A6). TCDF 
was detected (> -0.30 pg-g'1) in 86% of all burbot liver samples analysed, while 2,3,7,8-TCDD was 
detected in 35% o f samples (Table 7). Two other 2,3,7,8-substituted- PCDD/F congeners, 1,2,3,6,7,8- 
HxCDD and the heptachlorodioxin, 1,2,3,4,6,7,8-HpCDD were detected in 37% of burbot liver 
samples. OCDD was also detected relatively frequently (17%) while OCDF was found in only three 
o f 203 samples (Table 7). Di and trichloro-CDDs and CDFs were detected infrequently in burbot liver
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Figure 6. Concentrations o f 2,3,7,8-TCDF in burbot liver at 20 sampling sites in the Peace-Athabasca-Slave 
river basin (fall 1994). Bars are geometric means ± SE (hats) for sites with N >=2 samples and at least 
one detectable level o f TCDF. Stars indicate approximate position o f sampling sites.
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locations. For e.g., the arithmetic mean concentration o f TCDD at Site A3 was 3.0±2.7 pg-g'1 assuming 
non-detects=DL while the geometric mean was 0.63±0.19 pg-g'1 because eight of 23 results were non- 
detects and were given a random value between 0.05 and 0.3 pg-g'1.

�*5/'�A���'*)+$%�&$))'/*(�$%�&$',,�&�'%(+:�,$)�78:8B8A4�����*%-�4������%�5.)5$(�/��')�<�(2�*1'8  
G�/�9�-8�/'%1(28�*%-�<'�12(�*+�<'//�*+�����&$%&'%()*(�$%+
Congener TCDF 2PCB Age

(yrs)
Lipid

%
Length

(cm)
Weight

(g)

Untransformed data
TCDD R 0.832 0.243 -0.0001 0.282 0.002 0.011

Prob <0.001 0.004 0.999 <0.001 0.984 0.879
N 186 139 184 174 186 186

TCDF R - 0.568 -0.019 0.433 -0.064 -0.065
Prob - <0.001 0.797 <0.001 0.388 0.379

N - 139 184 174 186 186
Log transformedb LTCDF L2PCB Log age AS-lipid Log length Log weight

LTCDD P 0.535 0.363 0.109 0.335 0.097 0.084
Prob <0.001 <0.001 0.141 <0.001 0.187 0.253

N 186 139 184 174 186 186
LTCDF P - 0.708 0.111 0.572 0.092 0.087

Prob - <0.001 0.133 <0.001 0.212 0.239
N - 139 184 174 186 186

a Correlation coefficients; probability > R value under null hypothesis R=0. 
b Log 10 transformed except for lipid (arcsine transformed).

The geometric mean (lipid adjusted) concentrations o f 2,3,7,8-TCDF in burbot liver at Site A1 were 
also significantly higher than all other sites (p<0.01). But, unlike results for TCDD, additional spatial 
trends were evident from the least squares means test. TCDF concentrations at site A3 (geometric mean 
14.9±1.8 pg-g'1) were higher than all other locations except SRI (Smoky River) and WR (Wapiti 
River). At Site A2 (upstream of Hinton), TCDF were significantly higher (p<0.05) than most other 
reference sites except LSV (Lesser Slave river downstream of Slave Lake pulp), Pembina River, Slave 
River delta. Similarly burbot from WR1 and WR2 sites upstream of the BKM at Grande Prairie had 
significantly higher TCDF than the downstream sites on the Wapitii/Smoky system (SRI), and the 
Athabasca River, A1 and A3. The full least squares comparison is given in Appendix Table A7.

4.3.2. Temporal Trends o f PCDD/Fs

Comparison o f concentrations of PCDD/Fs in burbot liver was possible at four locations on the

7 �



Wapiti/Smoky/Peace rivers where samples were collected in both 1992 and 1994. Collections were 
made at PR2 on the Peace River near the mouth o f the Notikewin River (674 km from confluence of 
the Peace/Slave), and PR3 upstream of Fort Vermillion (396 km) in both years. No 1994 samples were 
available from the site immediately downstream of the mill at Grande Prairie (D2) or the next 
downstream site (B3; Hwy 34 bridge crossing). Therefore the closest sites on the Wapiti River, WR1 
and WR2 (immediately upstream of Grande Prairie), and the next downstream site on tide Smoky River 
(SRI) were used for a partial comparison. In all cases, comparisons were made with geometric means 
calculated with random numbers between the detection limit for 2,3,7,8-TCDD (0.3 pg-g'1) and 0.05 
pg-g'1. Results were not adjusted for percent lipid, however, lipid content o f burbot liver at three of 
the sites were similar in both years and was not available for samples from PR2 in 1994.

At three o f four sites, levels of 2,3,7,8-TCDD and -TCDF were significantly lower (Students t-test 
with geometric means, p<0.05) in 1994 than 1992 (Figure 7). There were no significant differences 
(p>0.05) between sampling years in concentrations of TCDD or TCDF at PR2. For 2,3,7,8-TCDD, 
differences between years ranged from about 20-times at the two Wapiti/Smoky sites (WR and SRI) 
to about 10-times at PR3. For TCDF, the decline was 4x at WR, 8x at SRI and 17x at PR3. The lack 
o f a significant change in TCDD levels at PR2 reflects the fact that most results were non-detect in 
both years. The apparent declines of both TCDD and TCDF at the two Wapiti/Smoky sites (WR and 
SRI) may be due in part to the lack of corresponding sample sites in 1994. Burbot at WR1 and 2 were 
captured upstream of the BKM effluent while the collection site SRI was about 90 km further 
downstream on the Smoky River than B3. Burbot liver samples from C l (1992), which corresponded 
to SRI, were collected but not analysed for PCDD/Fs.

Higher concentrations of 1,2,3,4,6,7,8-HpCDD and OCDD were found in burbot at PR2 in 1994 than 
in 1992 (Appendix Table A6). The high frequency of detection HpCDD and OCDD in burbot from this 
site was not observed in 1992 (Pastershank and Muir 1995). These congeners were present in low pg-g'
1 concentrations in 1992 at PR3 but were undetectable in 1994 samples.

Temporal trends in TCDD TEQ’s downstream of the Grande Prairie BKM were also be assessed by 
combining the 1992 and 1994 results with those of Swanson et ah (1995). These authors found an 
overall decline o f TCDD TEQs (based on 2,3,7,8-TCDD + 0.1 x 2,3,7,8-TCDF) in burbot liver 
between summer 1991 and spring 1994 from 41 pg-g'1 TEQs to 8.1 pg-g'1. The fall 1992 results fit well 
into this trend (Figure 8). The fall 1994 results from WR/SR1 are lower than predicted from the slope 
of the means for the seven previous sampling times. This may be due to sampling fish living further 
both downstream (SRI) and upstream (WR1 and 2) than were sampled in 1992 by NRBS or by 
Swanson et aL (1995). There is clearly some variation in concentrations found in burbot probably 
because o f migration past the BKM effluent on the Wapiti or into tributaries o f the Smoky.

4.3.3. Regional variation in PCDD/Fs in burbot liver

Results for 2,3,7,8-TCDD and -TCDF in burbot liver from 1992 collections on the Wapiti/Smoky 
Peace River are compared in Figure 9 with results from other studies in NWT and the Yukon. The 
Slave River Environmental Quality Monitoring Program conducted between 1990 and 1995 
characterized the baseline aquatic ecosystem conditions in the Slave River at Fort Smith, NWT (Peddle 
et al. 1995). Water, suspended sediment and fish samples (burbot liver and walleye muscle) were
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Figure 8. Mean (+/- SE) concentrations o f TCDD TEQs (based on 2,3,7,8-TCDD and -TCDF) in burbot 
liver downstream of the BKM at Grande Prairie, 1991-1994. NRBS data from burbot collections o f 1992 
and 1994 are combined with results from Swanson et al. (1995).

100 
90 
80 
70 
60 
50 
40 
30 
7�  
10 

�

1991 1992 1992 1992 1993 1993 1994 1994

NRBS 1992/1994 |----- 1
Swanson etal. 1 9 9 5 ^ H

Figure 9. Regional variation o f 2,3,7,8-TCDD and TCDF concentrations (pg-g ) in burbot liver based on 
result s from the NRBS burbot collections (fall 1992) results from the Slave River study (Peddle et al. 
1995) and from results of Muir and Lockhart (1993; 1994) in NWT and Yukon lakes.
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(1995) examined the bioavailability of PCDD/F congeners to invertebrates and mountain whitefish in 
the HCE for the spring 1992 collection. In February 1993, additional samples o f effluent, suspended 
solids and river water (centrifugate) were collected and analysed for PCDD/Fs. Bottom sediments were 
collected in May 1993 at five sites downstream o f the HCE and at the upstream locations. PCDD/F 
analysis was conducted by two laboratories, AXYS Analytical Services, Sidney, BC (analysis o f water, 
effluent and sediments), and EnviroTest Laboratories Ltd (ETL), Edmonton, AB (sediments). 
Analytical methodology and quality assurance procedures were identical to those for the 1992 study 
(Pastershank and Muir 1995). Forty-one monochloro- to octachloro dioxins and -furan congeners were 
determined. The organic carbon content o f suspended and depositional sediments were also determined 
(Crosley 1996c). PCDD/F concentrations in effluent, suspended solids, river water, and bottom 
sediments are present in Appendix Tables B1 to B8.

4.5.2. PCDD/F concentrations in suspended solids in effluent and river water

The concentration profiles o f PCDD/F congeners in the HCE and in suspended solids from the 
Athabasca River downstream o f the effluent in February 1992 and 1993 are shown in Figure 10. 
Thirty-eight PCDD/Fs were detected in suspended solids. The lower chlorinated mono-, di-, and 
trichloro -furans predominated (^ 1400 pg-g'1). Concentrations of tetra-, penta-, hexachloro- furans 
were also higher than their dioxin analogs, however, levels o f HpCDDs (^38 pg-g-1) and OCDD (140 
pg-g'1) exceeded those obtained for HpCDFs {< ,13  pg-g "’) and OCDF (9.1 pg-g _1). 2,3,7,8-TCDD (11 
pg-g'1) was found in a ratio o f 1:4 with 2,3,7,8-TCDF (40 pg-g1) in effluent and suspended solids in 
both years. Concentrations o f 2,3,7,8-TCDF in suspended solids in February 1993 (7.6 pg-g'1), at Obed 
Coal Bridge, 19 km downstream of the BKM, were similar levels to those found one year earlier 
(Figure 10; Appendix Table B5). The reproducibility of three suspended solids samples collected at 
Obed was excellent for most congeners. The BKM was at 45% Cl2 substitution with C102 throughout 
this period.

4.5.3. PCDD/Fs in centrifugate and “dissolved phase”

In February 1992, most PCDD congeners (including 2,3,7,8-TCDD) were undetectable (<0.1 pg-L'1) 
in the centrifugate (particles greater than approximately 1.0 pm were removed by continuous 
centrifugation) but 2,3,7,8-TCDF was above the detection limits at the 1 km site (Weldwood; 0.10 
pg-L'1) and at 48 km (Emerson Lake; 0.09 pg-L'1). In February 1993, TCDF was undetectable in the 
dissolved phase (<0.1 pg L '1) at Obed (10 km) and Knight Bridge (116 km downstream) (Appendix 
Table B3). However other non-2,3,7,8-TCDFs were detected at both locations in February 1993 (0.24 
and 0.14 pg-L'1). Lower chlorinated PCDD/Fs, especially dichloro- furans predominated in the 
centrifugate (Appendix Table B4).

The dissolved fraction (fDIS) o f  2,3,7,8-TCDD and -TCDF (which would be readily bioavailable via 
uptake across respiratory surfaces) was estimated from the equation:

fDIS= l/( l-D O C * K DOC)

where DOC = mass fraction o f dissolved organic carbon and K ^  = partition coefficent for PCDFs 
on DOC. � ���  was assumed to be equal to KPOC which was calculated from the suspended solids and

2 6



Figure 10. PCDD/F congener pattern in suspended sediment (1992 vs 1993) in Hinton Combined 
effluent and at the Weldwood Haul Bridge sampling site 1km downstream of the effluent.
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BKM effluent - 1992-93 Results for TCDD estimated using 0.25x detection limit in centrifugate
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Figure 12. Variation of BSAFs for 2,3,7,8-TCDD and -TCDF in mountain whitefish at two sampling 
times (Apr 1992 and May 1993)
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BSAFs with distance from the BKM especially in 1992 (Figure 13). This is due to the presence o f 
detectable levels o f both TCDD and TCDF in suspended solids at all sites. Results for 1992 are from 
Pastershank and Muir (1995). BSSAFs for TCDD and TCDF were much lower in 1993 at Weldwood 
and Obed reflecting lower concentrations in mountain whitefish. The decline was not due to fraction 
organic carbon or %  lipid which were similar in both years.

The BSAF/BSSAFs for TCDD/F in mountain whitefish and northern pike are similar despite 
differences in feeding behavior. The piscivorous northern pike feed mainly on detritivorous fishes (e.g. 
cyprinids). Mountain whitefish consume a diet predominately o f filter-feeding invertebrates. These 
invertebrates have higher TCDD/F concentrations (wet wt) than northern pike possibly because they 
are selectively feeding on fine organic-rich particles in the water column (Owens et aL 1994; 
Pastershank and Muir 1995). Thus both pike and whitefish achieve similar concentrations on a lipid- 
normalized basis due to biomagnification of 2,3,7,8-TCDD and -TCDF, but via different food chains. 
Wet weight concentrations of TCDD/F in pike muscle are lower than in whitefish muscle because of 
lower lipid content.

BSAFs could be calculated for burbot liver from the basin wide study using bottom sediment 
concentrations from Crosley (1996b,c). We have not done so because results for whole burbot or 
burbot muscle are not available. The composite samples o f burbot muscle from the Peace-Athabasca 
delta study indicated non-detect levels in muscle but these sites also have very low concentrations of 
PCDD/Fs in liver relative to near-field locations. The reason for the high concentrations o f PCDD/Fs 
in burbot liver may be the fact that the liver is very large, accounting for some 15 %  o f the body weight 
versus some 4 %  in lake trout or walleye. Thus, proportionately more of the contaminant body burden 
is stored in burbot liver than in other fish. TCDD/F concentrations in burbot muscle can be estimated 
knowing the lipid content of muscle and assuming that concentrations in liver on a lipid basis are the 
same as concentrations in muscle lipid (i.e. multiply concentrations in liver by ratio o f % lipid in 
muscle to that in liver). This would yield results for muscle o f about 1/10 those in liver assuming 50% 
lipid content o f liver and 5% lipid in muscle. Whole body levels o f PCDD/Fs could also be estimated 
by assuming levels in muscle (if available) are representative of all tissues except the liver and that the 
liver accounts for 15% of the whole body weight.

4.5.5. Bioaccumulation modelling o f TCDF

The bioaccumulation of 2,3,7,8-TCDD and -TCDF in the aquatic food web is illustrated in Figure 14. 
O f 33 di- to octachloro PCDD/F congeners readily detectable in effluent and suspended solids only 
three or four are detectable in mountain whitefish muscle or burbot liver. The pattern o f congeners in 
fish is completely different from that in the effluent or suspended solids which is dominated by di and 
trichloro- furans. The major factor accounting for the observed differences is the ability of fish to 
metabolize and rapidly excrete non-2,3,7,8-substituted congeners (Muir et al. 1992a). Elimination 
rates of 2,8-DiCDF, 1,2,3,7-TCDF and 1,2,7,8-TCDF following dietary exposure o f juvenile rainbow 
trout were 10-20 times more rapid than for 2,3,7,8-TCDF (Muir et al. 1992a).

Starodub (1995) applied the food chain model o f Thomann and Connolly (1984) to simulate the 
bioaccumulation o f TCDF by fish downstream of the Hinton BKM. This is a bioenergetics based 
model which includes uptake via the gills (based on respiration rate) and via food. Each level o f the
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food chain leading from water, suspended sediment and bottom sediment, to fish is included. Loss of 
chemical occurs by elimination (metabolism, diffusive transfer across respiratory surfaces) and growth. 
Starodub (1995) applied the steady-state version of the model, i.e. no overall change in concentration 
in each trophic level over time. There was insufficient data available on changes in concentrations in 
water or the dietary items o f fish with which to apply a dynamic version o f the model. The feeding 
relationships and prey preferences for mountain whitefish and northern pike were derived from 
stomach content analyses of fish from the 1992 upper Athabasca River (R.L.L. Environmental Services 
1993). For longnose suckers, prey preferences were based on gut analysis o f fish from the 
Wapiti/Smoky river (Swanson et aL 1992). Two distinct exposure pathways, bottom-feeding 
invertebrates and filter-feeding invertebrates were distinguished for the model.

Sensitivity analysis o f the food chain model showed that the elimination rate o f TCDF was a key 
parameter. Model predictions o f steady-state concentrations o f TCDF in fish approached observed 
levels (spring 1992) using elimination rates o f 0.0025 d ay 1 (equivalent to a half-life o f 280 days) 
for mountain whitefish, 0.025 day'1 for suckers and 0.0075 day'1 for northern pike (Table 10). An 
elimination rate o f 0.015 day'1 (equivalent to a half-life o f 46 days) for invertebrates. In general, 
elimination rates of 2,3,7,8-TCDD and -TCDF are inversely related to size and lipid content o f the 
organism (Geyer et ah 1995).

Table 10. Comparison of predicted steady-state concentrations and observed TCDF levels in fish 
using the Thomann and Connolly food chain model (from Starodub 1995)

Location/species
Concentrations in various organisms (pg g"1 wet w t)
Benthic2
feeder

Filter15
feeder

M tn
whitefish

Longnose
suckers

northern pike

W eldwood Predicted 7.5 28 21 7.5 7
Observed 6.4 13 13 2.4 0.6

Kn igh t B r. Predicted 8 35 26 - 8
Observed 5.6 9 3 .7 - 6.2

a Assum ed to be mainly plecoptera and ephemeroptera. Detection limits were used for non-detects. 
b Tricoptera

Best agreement was obtained for the benthic feeding invertebrates (Diptera). These animals are in 
direct contact with sediment or biofilm and better represented by a steady state model than filter 
feeding invertebrates utilizing suspended solids for food. Agreement was also quite good for suckers 
and northern pike (which were assumed to feed on small foraging fish for 95% of their diet. Slightly 
better agreement between predicted and observed was obtained by assuming benthic invertebrates 
utilized 10% bottom sediments and 90% biofilm in their diet. TCDF levels in biofilm, a periphyton 
growth on the cobble substrate in the river bed, were at detection limits so the introduction o f a 
detection limit value had the effect o f lowering predicted concentrations. TCDF levels in mountain 
whitefish and filter feeding invertebrates (trichoptera) were underpredicted by up to 5-fold. These 
organisms are not in equilibrium with the suspended sediment or water due to the dynamic nature of 
the river and resulting fluctuations in availability of particle sorbed TCDF. The disequilibrium of 
TCDF downstream of the HCE is also apparent from the relatively high BSSAFs (Figure 13) and 
shifting dissolved fraction (Figure 11). When linked to an environmental fate model which predicts 
concentrations in water, suspended sediments and bed sediments (Golder Associates 1995) the food
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chain model may be able to predict future trends in TCDF concentrations in fish given lower inputs 
from the BKM at Hinton.

4.6. ASSESSING RISK OF EXPOSURE TO PCDD/Fs

4.6.1. Preliminary human health risk assessment

Concentrations o f TCDD TEQs in mountain whitefish muscle and burbot liver are presented in Table
11. All mean concentrations of TCDD TEQs are below the limit set by Health Canada for commercial 
fish sale and export of 20 pg-g'1 wet wt. A few individual samples, mainly burbot liver from the 
Athabasca River downstream of Hinton, exceeded the 20 pg-g'1 guideline. These results are calculated 
using all 2,3,7,8-substituted congeners and assuming detection limit values for non-detect 
concentrations.

The data have been submitted for evaluation by Health Canada o f human health risk assessment for 
subsistence use o f fishes taking into account the traditional heavy use o f fish by First Nations peoples 
in the Peace-Athabasca Region. For illustrative purposes only it is possible to do a preliminary 
assessment o f the concentrations o f  PCDD/Fs (as TCDD TEQ) observed in the upper Athabasca River 
1992/1993 and basin wide burbot (1994) studies.

Table 11. TCDD TEQs (pg-g1) in burbot livers (Fall 1994) and mountain whitefish muscle (May 
1993) _____________________________________________________________________

M��/�*�� ���N

+N/�� Z� 3 � �

&@�@�:� >N��>�M��/�*��

+N/�� Z� 3 � �

&@�@�:� >N��>�

OA�! � �� :WW� + �A� �/*� � �P*�N.*�P� :WW�
X�P/!/��/� [ 1� /�� �/88*�@�[ 1 X � �1U Z :1U �&���N/�� � . �F*���� �=1D5
X�P/!/��/� [ 1� /��Q �1�X��*�*!�*�N� X � S1TZ 51W�N8�>����F/A8�O�1 =1U:
X�P/!/��/� [ 1� /��Q �1�+/�R/Y X5 D1UZ :1: �!N�� ��/8�O�1 :1W
X�P/!/��/� [ 1� ���� F*���� X : :S1TZ U1� -�N�����M/RN��O�1 T1�� Z 51T
X�P/!/��/� [ 1� A���F*���� X D �1� Z D1�
�8N/�>/�N�� [ 1 � � D1DZ :1=
2/�R.*�P� �*88/@N 2 � =1DZ =1D OA�! � �� :WW�
M/RN�X�P/!/��/ M X =1DZ =1: 7N�!*�/� [ 1 7 �1D� Z� D1�
MN��N��38/�N� [ 1 M 3 � �1= Z :1= 6A/��N�Q�A��PN� 6 Q =1:
M*��8N� 3� �RY� [ 1 M3 [ D =1� Z :1U 38/�N� [ 1� �N8�/�/��Q � �[N��8A�*�� 3 [ :1T�± =1S
M*��8N� 3� �RY� [ 1 M3 [ � :1D �/&*�*� [ 1� A��� 0�/���7�/*�*N 3[� T1�
+ �MN�� � [ 1 + � [ D D1S �/&*�*� [ 1� A��� 0�/��� 7�/*�*N 3 [4 � 1S� Z :1W

7N/�N� [ 1� /��+ / �Y�4�8/��� 7 [ : 515 Z :1� �/!/��/� [ 1 � X �1�� Z :1U
7N/�N� [ 1� /��Q�1� �N��*8*�� 7[� D1UZ �1S �/&*�*� [ 1� A��� 0�/���7�/*�*N � [D U1=� Z�1=

7N/�N� [ 1� /��� � �*RN>*� 7[D �1� Z :1W �/&*�*� [ 1� A��� 0�/���7�/*�*N � [ : �1W� Z�1:

Health Canada’s Tolerable daily intakes (TDIs) for TCDD TEQs is 10 pg-kg-body wt'-day"1 . This 
TDIs is based on No Observable Adverse Effect Levels (NOAEL) established from laboratory 
mammalian toxicology studies with TCDD. The TDIs are derived for a 60 kg person and assuming
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Medium Use protected P C D D / F  - T E Q s

Water2 Aquatic life 0.02 p g -L'1

Sediment Aquatic life 0.091 pg-g"1 dry w t

W ildlife 0.091 pg-g'1 dry w t

Tissue W ildlife 1.1 pg-g'1 wet w t

Aquatic life 18.2 pg-g'1 lipid w t

Unfiltered water
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mountain whitefish or burbot have not been studied.

The concentrations o f PCDD/Fs observed in river water and sediments can also be assessed with the 
draft Canadian Environmental Quality guidelines for TCDD (Table 12). The guideline level for raw 
water (for protection o f aquatic life) o f 0.02 pg-L'1 TCDD TEQ was probably exceeded downstream 
o f Hinton in spring 1992 and 1993. Combining May 1993 results for centrifugate (where 2,3,7,8- 
TCDD was <0.1 pg-L'1) with suspended solids (7.5 mg-L'1; TCDD = ~3 pg-g1 ) gives a raw water 
concentration o f >0.02 pg-L'1. With the conversion of this BKM to 100% C102 substitution in summer 
1993 the levels o f PCDD/Fs were expected to be lower in river water.

Levels o f 2,3,7,8-TCDD in bottom sediments consistently exceeded the draft guideline o f 0.091 pg-g'1 
downstream of Hinton in spring 1992 and 1992 and at most other sites within the basin (Crosley 
1996b,c). The sediment guideline assumes a BSAF of 2 for TCDD (based in part on observations of 
fish near Canadian pulp mills (Muir et al. 1992b), the tissue guideline o f 18.2 pg-g'1 (lipid wt) and a 
sediment organic carbon of 1% (2 x 18.2 x 0.01). Crosley (1996b,c) noted that TCDD TEQ levels had 
declined between spring 1992 and 1993 downstream of the BKM at Hinton. Continued declines in 
levels can be expected following the conversion to 100% C102 and removal by erosion, dilution, and 
burial o f contaminated sediments.

5.0 CONCLUSIONS

The analysis of PCDD/Fs in mountain whitefish and pike from sites downstream of Hinton in fall 1992 
and spring 1993, combined with the basin wide survey of burbot liver, has provided a substantial 
amount o f new information on the spatial and temporal trends o f these contaminants in the Peace- 
Athabasca-Slave River basins. Combined with the work by Swanson et al (1992; 1995) and the Slave 
River study (Peddle et ah 1995) a very large dataset now exists o f PCDD/F levels in mountain 
whitefish, burbot liver, longnose suckers and walleye.

In general, concentrations o f PCDD/Fs were higher in burbot liver than in mountain whitefish or 
northern pike muscle and a greater number of congeners were detected. Significantly higher levels of 
TCDD and TCDF were found in burbot liver downstream of the Hinton BKM in the fall 1994 survey 
than at all other sites.High levels in burbot are related to the fact that they are the top predator o f the 
aquatic food web in the both the Peace and Athabasca basins and the fatty liver was analysed. The 
burbot liver is very large, accounting for some 15% of the body weight versus some 4% in lake trout 
or walleye. Thus, proportionately more of the contaminant body burden is stored in burbot liver than 
in other fish. While liver is a good monitoring tool whole body concentrations of PCDD/Fs in burbot 
are probably not much higher than in mountain whitefish, longnose suckers or pike based on a limited 
number of muscle and liver samples from the Peace-Athabasca delta and from downstream of the BKM 
at Grande Prairie.

TCDF was detected in almost all burbot liver and mountain whitefish muscle samples analysed, while
2,3,7,8-TCDD was detected in about one third of the same samples. Two other 2,3,7,8-substituted- 
PCDD/F congeners, 1,2,3,6,7,8-HxCDD and the heptachlorodioxin, 1,2,3,4,6,7,8-HpCDD were
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detected in 37% o f burbot liver samples. OCDD was also detected relatively frequently (17%) while 
OCDF was found in only three o f 203 samples. Di and trichloro-CDDs and CDFs were consistently 
detected in whitefish muscle but infrequently in burbot liver. The di and trichloro-CDDs and CDFs 
predominated in effluent and suspended solids. The predominance of the 2,3,7,8-substituted congeners 
reflects their much slower rates o f elimination by fish compared with Di- and tri-CDD/Fs and non- 
2,3,7,8 subsituted tetrachloro congeners. Food chain modelling indicates that elimination rate is a key 
parameter for predicting TCDF concentrations in various trophic levels downstream of the BKM at 
Hinton on the Athabasca River.

Levels of 2,3,7,8-TCDD and -TCDF declined by three to five fold between 1989 (when first sampled 
by DFO and Alberta Environment) and 1993, in mountain whitefish muscle. There has been a definite 
decline in 2,3,7,8-TCDD and -TCDF concentrations in mountain whitefish downstream o f the Hinton 
but most of the decrease took place in the period 1989 to 1992. The extent o f the decline depends to 
a large extent on which results for spring 1993 are used. I f  samples from the near-field sites of 
Weldwood and Obed (mean concentrations o f 1.1 and 2.6 pg-g'1 wet, for TCDD and TCDF 
respectively) are used the decline is about 5-fold for both TCDD and TCDF over four years. But if  the 
fish from Emerson Lake (48 km downstream) are included (mean concentrations are 3.6 and 7.1 pg-g'1 
wet, for TCDD and TCDF, respectively) the decline is about 3-fold. The greater decline at Hinton may 
be related to sampling o f relatively uncontaminated fishes residing upstream of the BKME.

Levels of 2,3,7,8-TCDD and -TCDF in burbot liver were lower in the fall 1994 collection than in fall 
1992 at four sites; downstream of the Grande Prairie pulp mill outlet, PR2 on the Peace River near the 
mouth of the Notikewin River (674 km from confluence of the Peace/Slave), and PR3 upstream of Fort 
Vermillion (396 km). Comparison of concentrations in burbot liver near the BKM at Grande Prairie 
was problematic because sampling sites were not in the same locations each year. Nevertheless, the 
results show a decline o f 4 to 17-times in the case of 2,3,7,8-TCDF at three sites. No significant 
decline of TCDD or TCDF concentrations was found in burbot livers from PR2. The burbot liver 
results, expressed as TCDD TEQ’s, also agreed well with those o f Swanson et al. (1995) who found 
a 5-fold decline in TEQs downstream of the Grande Prairie BKM between summer 1991 and spring 
1994. Limited sample numbers and lack of collections from exactly the same area precluded a more 
thorough examination of temporal trends in burbot. Future studies o f temporal trends should focus on 
a few areas, such as the Wapiti/Smoky, the Athabasca River downstream of Hinton, and the Slave 
River delta where multi-year sampling has been carried out.

Concentrations o f all 2,3,7,8-substituted PCDD/F congeners in composite samples of fish muscle from 
the Ft. Chipewyan winter domestic fishery study were at or near detection limits (<0.1 to <0.8 pg-g'1). 
Only 2,3,7,8-TCDF was detectable in most samples (<0.1 to 0.5 pg-g'1). Burbot liver samples from the 
three sites in the Peace-Athabasca delta had higher levels of 2,3,7,8-TCDF than burbot muscle (1.7 to 
2.9 pg-g'1). These levels were similar to those at other far-field and reference sites located far from 
BKMs. TCDD TEQs in these samples are about 0.5 pg-g'1 or less. A preliminary risk assessment 
showed that the TDI for TCDD TEQs would not normally be exceeded by consumption o f fish muscle 
from this region because a 60 kg individual would have to consume 1.2 kg per day to exceed the TDI 
for these samples.

The bioavailability of TCDD and TCDF to mountain whitefish and northern pike was assessed using
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APPENDIX A.

CONCENTRATIONS OF INDIVIDUAL PCDD/F CONGENERS IN FISH TISSUES FROM THE 
PEACE-ATHABASCA-SLAVE RIVER BASIN: FALL 1992, SPRING 1993 AND FALL 1994.
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Location______ Fish Species

Knight Bridge mountain whitefish

Weldwood northern pike

Emerson Lake northern pike

Knight Bridge northern pike

Detection
Lim it

Congener_________ pg g '1 wet wt Lo w
1,2 ,3 ,7 ,8 - P e C D F 0.15 0
2,3 ,4 ,7,8 - P e C D F 0.15 0

0.40
Total T e C D F 1.6
Total P e C D F 
Total H x C D F  
Total H p C D F  

O C D F

0

2,3 ,7,8 - T e C D D 0.10 0.30
Total T e C D D 0.30
Total P e C D D 0
Total H x C D D 0
Total H p C D D 0

O C D D 0
2 ,3 ,7,8 - T e C D F 0.10 1.4

Total T e C D F  
Total P e C D F 
Total H x C D F  
Total H p C D F  

O C D F

1.4

Total T e C D D  
Total P e C D D  
Total H x C D D  
Total H p C D D  

O C D D
2,3 ,7,8 - T e C D F  0.10

Total T e C D F  
Total P e C D F 
Total H x C D F  
Total H p C D F  

O C D F
2.3.7.8- T e C D D  0.10 0

Total T e C D D  0
Total P e C D D
Total H x C D D  
Total H p C D D  
Total O C D D

2.3.7.8- T e C D F  0.10 0.40
Total T e C D F  0.40
Total P e C D F 0
Total H x C D F  0
Total H p C D F  0
Total O C D F  0

2.3.7.8- T e C D D  0.13 0
,2 ,3 ,7 ,8 - P e C D D  0 .14 0

Total T e C D D  0.029 0
Total P e C D D  0
Total H x C D D
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High # o f Detects Mean ±  S D
- 0.10 (1/4) 0.03 ± 0.05
- 0.60 (2/4) 0.20 ±  0.28
- 1.4 (4/4) 0.93 ±  0.41
- 29 (4/4) 10 ±  13
- 1.4 (4/4) 0.48 ±  0.63
- (0/4)
- (0/4)
- (0/4)
- 1 .7 (4/4) 0.78 ± 0.63
- 1 .7 (4/4) 0.85 ±  0.60
- 0 (0/4)
- 1.9 (3/4) 0.75 ±  0.81
- 2.9 (3/4) 1.25 ±  1.3
- 0 (0/4) 0 ± 0
- 2.4 (4/4) 1.8 ±  0.43
- 2.8 (4/4) 2.0 ±  0.63
- (0/4)
- (0/4)
- (0/4)
- (0/4)

(0/1)
(0/1)
(0/1)
(0/1)
(0/1)
(1/1) 0.20
(1/1) 0.20
(0/1)
(0/1)
(0/1)
(0/1)

- 0.30 (1/2) 0.15
- 0.30 (1/2) 0.15
- (0/2)
- (0/2)
- (0/2)
- (0/2)
- 0.70 (2/2) 0.55
- 0.70 (2/2) 0.55
- 0 (0/2)
- 0 (0/2)
- 0 (0/2)
- 0 (0/2)
- 4 .7 (4/6) 0.96 ± 1 .7 1
- 0.20 (1/6) 0.03 ±  0.08
- 4 .7 (4/6) 0.96 ±  1.71
- 0.20 (1/6) 0.03 ±  0.08
- (0/6)



Location Fish Species Congener

Detection
Lim it

pg g '1 wet wt Lo w High # o f Detects Mean ±  SD
Total H p C D D - (0/6)

O C D D - (0/6)
2,3,7,8- T e C D F 0.1 0.3 - 16 (6/6) 3.2 ± 5.8

1,2,3 ,7,8 - P e C D F 0.1 0 - 0.10 (1/6) 0.01 ± 0.04
2,3,4,7,8- P e C D F 0.10 0 - 0.30 (1/6) 0.04 ± 0 .1 1

Total T e C D F 0.057 0.3 - 16 (6/6) 3.2 ±  5.8
Total P e C D F 0 - 0.40 (1/6) 0.06 ± 0 .1 5
Total H x C D F - (0/6)
Total H p C D F - (0/6)

O C D F - (0/6)
Windfall B r. northern pike 2,3 ,7,8- T e C D D 0 .1 7 0 - 2.5 (7/7) 0.90 ±  1.1

1,2 ,3 ,7,8 - P e C D D 0.16 0 - 0.20 (1/7) 0.03 ±  0.08
1,2,3 ,6 ,7,8 - H x C D D 0.27 0 - 0.20 (1/7) 0.03 ± 0.08

Total T e C D D 0 - 2.5 (5/7) 0.9 ±  1.1
Total P e C D D 0 - 0.20 (1/7) 0.03 ±  0.08
Total H x C D D 0 - 0.20 (1/7) 0.03 ±  0.08
Total H p C D D - (0/7)

O C D D - (0/7)
2,3,7,8- T e C D F 0.13 0.40 - 10 (7/7) 3.0 ± 3.5

1,2,3 ,7,8 - P e C D F 0.13 0 - 0.10 (1/7) 0.014 ± 0.038
2,3,4,7,8- P e C D F 0.13 0 - 0.10 (1/7) 0.014 ± 0.038

Total T e C D F 0.40 - 10 (7/7) 3.0 ± 3.5
Total P e C D F 0 - 0.20 (1/70 0.029 ± 0.076
Total H x C D F - (0/7)
Total H p C D F - (0/7)

O C D F - (0/7)
1 Congeners not detected in any sample are not included
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Table A2. Levels o f  lower chlorinated PCDD/Fs (pg g'1 wet wt) in Mountain Whitefish and Northern Pike muscle,
Fall 19921
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D L  pg g '1
Location
Upstream
(Control)

Weldwood

Compound wet wt Lo w High Detects Mean ± S D
2,3 ,7,8 - T e C D D 0.3 � (0/2) <0.30
1,2 ,3 ,7 ,8 - P e C D D 0.4 - (0/2) <0.35
1,2 ,3 ,4 ,7,8 - H x C D D 0.6 � (0/2) <0.6
1,2 ,3 ,6 ,7 ,8 - H x C D D 0.7 - (0/2) <0.7
1,2 ,3 ,7,8 ,9 - H x C D D 0.6 - (0/2) <0.6
1,2 ,3 ,4 ,6 ,7,8 - H p C D D 1.2 - (0/2) < 1.2
O C D D 2.0 - (0/2) <2.0
Total T e C D D � (0/2)
Total P e C D D - (0/2)
Total H x C D D � (0/2)
Total H p C D D - (0/2)
2,3 ,7,8 - T e C D F 0.2 - (0/2) <0.2
1,2 ,3 ,7 ,8 - P e C D F 0.2 � (0/2) <0.2
2 ,3 ,4 ,7,8 - P e C D F 0.2 � (0/2) <0.2
1,2 ,3 ,4 ,7 ,8 - H x C D F 0.5 - (0/2) <0.5
1,2 ,3 ,6 ,7 ,8 - H x C D F 0.5 - (0/2) <0.5
1,2 ,3 ,7 ,8 ,9 - H x C D F 1.1 � (0/2) < 1.1
2 ,3 ,4 ,6 ,7,8 - H x C D F 0.7 � (0/2) <0.7
1,2 ,3 ,4 ,6 ,7,8 - H p C D F 0.7 - (0/2) <0.7
1,2 ,3 ,4 ,7,8 ,9 - H p C D F 1.2 - (0/2) < 1.2
O C D F 3.1 - (0/2) <3.1
Total T e C D F - (0/2)
Total P e C D F - (0/2)
Total H x C D F - (0/2)
Total H p C D F - (0/2)
Lipid Content 0.03 - 0.05 (0/2) 0.04
Moisture Content 0.75 - 0 .77 (0/2) 0.76

2 ,3 ,7,8 - T e C D D 0.3 0.5 . 0.7 (2/2) 0.6
1,2 ,3 ,7 ,8 - P e C D D 0.6 - (0/2) <0.6
1,2 ,3 ,4 ,7 ,8 - H x C D D 1.0 � (0/2) <1.0
1,2 ,3 ,6 ,7 ,8 - H x C D D 1.0 � (0/2) < 1.1
1,2 ,3 ,7 ,8 ,9 - H x C D D 1.0 - (0/2) < 1.2
1,2 ,3 ,4 ,6 ,7,8 - H p C D D 2.2 - (0/2) <2.2
O C D D 5.7 - (0/2) <5.7
Total T e C D D 0.5 - 0.7 (2/2) 0.6
Total P e C D D - (0/2)
Total H x C D D - (0/2)
Total H p C D D - (0/2)
2,3 ,7,8 - T e C D F 0.4 1.2 - 1.6 (2/2) 1.4

' 1 ,2 ,3 ,7 ,8 - P e C D F 0.4 - (0/2) <0.4
2 ,3 ,4 ,7,8 - P e C D F 0.4 - (0/2) <0.4
1,2 ,3 ,4 ,7 ,8 - H x C D F 0.6 - (0/2) <0.6
1,2 ,3 ,6 ,7,8 - H x C D F 0.6 - (0/2) <0.6
1,2 ,3 ,7 ,8 ,9 - H x C D F 1.2 - (0/2) < 1.2
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Location

Obed

Emerson Lake Br.

�B�!;�;C�
Compound wet wt Lo w High Detects Mean
2,3 ,4,6 ,7,8 - H x C D F 0.9 - (0/2) <0.9
1,2,3 ,4 ,6 ,7,8 - H p C D F 1.3 - (0/2) < 1.2
1,2 ,3 ,4 ,7,8 ,9 - H p C D F 2.6 - (0/2) <2.6
O C D F 5.0 - (0/2) <5.0
Total T e C D F 1.2 - 1.6 (2/2) 1.4
Total P e C D F - (0/2)
Total H x C D F - (0/2)
Total H p C D F - (0/2)
Lipid Content 0.067 - 0.070 (2/2) 0.069
Moisture Content 0.749 - 0.763 (2/2) 0.756

2,3 ,7,8- T e C D D 0.2 1.4 . 1.7 (2/2) 1.6
1,2 ,3 ,7 ,8 - P e C D D 0.2 - (0/2) <0.2
1,2 ,3 ,4 ,7,8 - H x C D D 0.3 - (0/2) <0.3
1,2 ,3 ,6 ,7,8 - H x C D D 0.3 - (0/2) <0.4
1,2 ,3 ,7 ,8 ,9 - H x C D D 0.3 - (0/2) <0.5
1,2 ,3 ,4 ,6 ,7,8 - H p C D D 0.4 - (0/2) <0.4
O C D D 1.8 - (0/2) 1.8
Total T e C D D 1.4 - 1 .7 (2/2) 1.6
Total P e C D D - (0/2)
Total H x C D D - (0/2)
Total H p C D D - (0/2)
2,3 ,7,8 - T e C D F 0.2 3.7 - 3.9 (2/2) 3.8
1,2 ,3 ,7 ,8 - P e C D F 0.2 - 0.1 (0/2) 0.1
2 ,3 ,4 ,7,8 - P e C D F 0.2 - (0/2) <0.2
1,2 ,3 ,4 ,7,8 - H x C D F 0.3 - (0/2) <0.3
1,2 ,3 ,6 ,7,8 - H x C D F 0.3 - (0/2) <0.4
1,2 ,3 ,7,8 ,9 - H x C D F 0.4 - (0/2) <0.4
2,3 ,4 ,6 ,7,8 - H x C D F 0.3 - (0/2) <0.3
1,2 ,3 ,4 ,6 ,7,8 - H p C D F 0.3 - (0/2) <0.3
1,2 ,3 ,4 ,7,8 ,9 - H p C D F 0.6 - (0/2) <0.6
O C D F 1.9 - (0/2) <1.9
Total T e C D F 5.2 - 5.9 (2/2) 5.6
Total P e C D F - 0.1 (0/2) 0.1
Total H x C D F - (0/2)
Total H p C D F - (0/2)
Lipid Content 0.060 - 0.110 (2/2) 0.085
Moisture Content 0.707 - 0.728 (2/2) 0.718

2 ,3 ,7,8 - T e C D D 0.8 1.2 a 10 (3/3) 7.0  :
1 ,2 ,3 ,7 ,8 - P e C D D 0.2 - (0/3) <0.2
1,2 ,3 ,4 ,7,8 - H x C D D 0.4 - (0/3) <0.4
1,2,3 ,6 ,7,8 - H x C D D 0.4 - (0/3) <0.4
1,2 ,3 ,7,8 ,9 - H x C D D 0.4 - (0/3) <0.4
1,2,3 ,4 ,6 ,7,8 - H p C D D 0.9 - (0/3) <0.9
O C D D 2.0 - 1.2 (1/3) 0.4 :
Total T e C D D 1.2 - 10 (3/3) 7.0  :
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Table A4. Summary of PCDD/F concentrations (pg g"' wt wt) in long-nose sucker and 
northern pike liver from the Peace, Smoky, and Athabasca River and major tributaries (1994)

Location Species Congener

— DC

Pg S'" Min - Max Frequency Mean ± SD
WR1 long-nose sucker 2378 -TCDD 0.3 <0.2 - 0.8 (1/6) 0.1

12378 -PeCDD 0.3 <0.2 - <0.6 (0/6) <0.3
123478 -HxCDD 0.5 <0.3 - <0.8 (0/6) <0.5
123678 -HxCDD 0.4 <0.3 - <0.7 (0/6) <0.4
123789 -HxCDD 0.4 <0.3 - <0.7 (0/6) <0.4

1234678 -HpCDD 0.4 <0.3 - <0.7 (0/6) <0.4
OCDD 0.7 <0.5 - <1.1 (0/6) <0.7

Total TCDD 0.3 <0.2 - <0.4 (1/8) 0.1
Total PeCDD 0.3 <0.2 - <0.6 (0/6) <0.3
Total HxCDD 0.4 <0.3 - <0.7 (0/6) <0.4
Total HpCDD 0.4 <0.3 - <0.7 (0/6) <0.4
2378 -TCDF 0.3 0.6 - 5.4 (6/6) 2.2 ± 1.9

12378 -PeCDF 0.3 <0.1 - <0.6 (0/6) <0.3
23478 -PeCDF 0.3 <0.1 -<0 .5 (0/6) <0.3

123478 -HxCDF 0.4 <0.2 - <0.7 (0/6) <0.4
123678 -HxCDF 0.4 <0.2 - <0.6 (0/6) <0.4
123789 -HxCDF 0.5 <0.3 - <0.9 (0/6) <0.5
234678 -HxCDF 0.4 <0.2 - <0.6 (0/6) <0.4

1234678 -HpCDF 0.4 <0.2 - <0.5 (0/6) <0.4
1234789 -HpCDF 0.6 <0.3 - <0.7 (0/6) <0.6

Total TeCDF 0.3 <0.2 - 1 (1/6) 0.2
Total PeCDF 0.2 <0.1 - <0.5 (0/6) <0.2
Total HxCDF 0.4 <0.2 - 5.8 (1/6) 1.0
Total HpCDF 0.5 <0.3 - <0.6 (0/6) <0.5

OCDF 0.4 <0.3 - <0.6 (0/6) <0.4
Lipid 3.48 - 13.3 (6/6) 6.6 ±4.1

WR1 northern pike 2378 -TCDD 0.4 <0.2 - <0.4 (0/4) <0.4
12378 -PeCDD 0.5 <0.4 - <0.5 (0/4) <0.5

123478 -HxCDD 0.5 <0.3 - 0.7 (1/4) 0.2
123678 -HxCDD 0.5 <0.4 - 1.7 (1/4) 0.4
123789 -HxCDD 0.5 <0.4 - <0.5 (0/4) <0.5

1234678 -HpCDD 0.4 <0.4 - <0.5 (0/4) <0.4
OCDD 1.1 <0.9 - <1.2 (0/4) <1.1

Total TCDD 0.4 <0.3 - <0.4 (1/4) <0.4
Total PeCDD 0.5 <0.4 - <0.5 (0/4) <0.5
Total HxCDD 0.5 <0.4 - <0.5 (0/4) <0.5
Total HpCDD 0.4 <0.4 - <0.5 (0/4) <0.4
2378 -TCDF 0.4 1 - 4 (4/4) 2.3 ± 1.5

12378 -PeCDF 0.4 <0.3 - <0.5 (0/4) <0.4
23478 -PeCDF 0.4 <0.3 - 4.6 (1/4) 1.15

123478 -HxCDF 0.4 <0.2 - 2.8 (1/4) 0.7
123678 -HxCDF 0.4 <0.3 - 2.6 (1/4) 0.7
123789 -HxCDF 0.5 <0.5 - <0.6 (0/4) <0.5
234678 -HxCDF 0.4 <0.4 - 4.4 (1/4) 1.1

1234678 -HpCDF 0.5 <0.4 - <0.7 (0/4) <0.5
1234789 -HpCDF 0.8 <0.6 - <0.8 (0/4) <0.8

Total TeCDF 0.4 <0.3 - <0.4 (0/4) <0.4
Total PeCDF 0.4 <0.3 - <0.5 (0/4) <0.4
Total HxCDF 0.4 <0.4 - <0.4 (1/4) <0.4
Total HpCDF 0.6 <0.5 - <0.7 (0/4) <0.6

OCDF 0.8 <0.5 - <1.0 (0/4) <0.8
Lipid 3.2 - 9.7 (4/4) 7.2 ±3.1

SRI long-nose sucker 2378 -TCDD 0.4 <0.2 - <0.8 (0/5) <0.4
12378 -PeCDD 0.7 <0.3 - <2.1 (0/5) <0.7

123478 -HxCDD 0.4 <0.2 - <1.0 (0/5) <0.4
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Location Species Congener
DL

Pgg'' Min - Max Frequency Mean ± SD
Total HxCDD 0.4 <0.3 - <0.4 (0/5) <0.4
Total HpCDD 0.4 <0.3 - <0.5 (0/5) <0.4
2378 -TCDF 0.3 <0.2 - <0.3 (5/5) <0.3

12378 -PeCDF 0.3 <0.2 - <0.3 (0/5) <0.3
23478 -PeCDF 0.3 <0.2 - <0.3 (0/5) <0.3

123478 -HxCDF 0.4 <0.3 - <0.4 (0/5) <0.4
123678 -HxCDF 0.3 <0.3 - <0.4 (0/5) <0.3
123789 -HxCDF 0.5 <0.4 - <0.6 (0/5) <0.5
234678 -HxCDF 0.4 <0.3 - <0.4 (0/5) <0.4

1234678 -HpCDF 0.3 <0.3 - <0.4 (0/5) <0.3
1234789 -HpCDF 0.6 <0.5 - <0.8 (0/5) <0.6

Total TeCDF 0.3 <0.2 - <0.3 (0/5) <0.3
Total PeCDF 0.3 <0.2 - <0.3 (0/5) <0.3
Total HxCDF 0.4 <0.4 - <0.5 (0/5) <0.4
Total HpCDF 0.4 <0.3 - <0.5 (0/5) <0.4
Total OCDF 0.5 <0.4 - <0.7 (0/5) <0.5

Lipid 0.8 - 7.3 (5/5) 4.9 ± 1.4

PR1 northern pike 2378 -TCDD 0.4 <0.2 - <0.5 (0/2) <0.4
12378 -PeCDD 0.3 <0.2 - <0.3 (0/2) <0.3

123478 -HxCDD 0.3 <0.3 - <0.3 (0/2) <0.3
123678 -HxCDD 0.3 <0.2 - <0.4 (0/2) <0.3
123789 -HxCDD 0.3 <0.3 - <0.3 (0/2) <0.3

1234678 -HpCDD 0.4 <0.4 - <0.4 (0/2) <0.4
OCDD 0.6 <0.5 - <0.7 (0/2) <0.6

Total TCDD 0.4 <0.2 - <0.5 (0/2) <0.4
Total PeCDD 0.3 <0.2 - <0.3 (0/2) <0.4
Total HxCDD 0.3 <0.3 - <0.3 (0/2) <0.3
Total HpCDD 0.4 <0.4 - <0.4 (0/2) <0.4
2378 -TCDF 0.3 <0.2 - <0.4 (0/2) <0.3

12378 -PeCDF 0.2 <0.2 - <0.3 (0/2) <0.3
23478 -PeCDF 0.2 <0.2 - <0.2 (0/2) <0.2

123478 -HxCDF 0.5 <0.2 - <0.7 (0/2) <0.5
123678 -HxCDF 0.5 <0.2 - <0.7 (0/2) <1.1
123789 -HxCDF 0.4 <0.3 - <0.5 (0/2) <0.4
234678 -HxCDF 0.4 <0.2 - <0.5 (0/2) <0.4

1234678 -HpCDF 0.4 <0.3 - <0.4 (0/2) <0.4
1234789 -HpCDF 0.7 <0.6 - <0.7 (0/2) <0.7

Total TeCDF 0.3 <0.2 - <0.4 (0/2) <0.3
Total PeCDF 0.2 <0.2 - <0.2 (0/2) <0.2
Total HxCDF 0.4 <0.2 - <0.6 (0/2) <0.4
Total HpCDF 0.5 <0.4 - <0.6 (0/2) <0.5

OCDF 0.4 <0.3 - <0.4 (0/2) <0.4
Lipid 6.8 - 6.8 (2/2) 6.8

PR2 long-nose suckers 2378 -TCDD 0.3 <0.1 - <0.4 (0/6) <0.3
12378 -PeCDD 0.3 <0.2 - <0.4 (0/6) <0.3

123478 -HxCDD 0.4 <0.2 - <0.8 (0/6) <0.4
123678 -HxCDD 0.4 <0.2 - <0.9 (0/6) <0.4
123789 -HxCDD 0.4 <0.2 - <0.9 (0/6) <0.4

1234678 -HpCDD 0.5 <0.3 - <0.7 (0/6) <0.5
OCDD 0.8 <0.5 - <1.1 (0/6) <0.8

Total TCDD 0.3 <0.1 - <0.4 (0/6) <0.3
Total PeCDD 0.3 <0.2 - <0.4 (0/6) <0.3
Total HxCDD 0.4 <0.2 - <0.9 (0/6) <0.4
Total HpCDD 0.5 <0.3 - <0.7 (0/6) <0.5
2378 -TCDF 0.3 <0.1 - 0.5 (3/6) 0.1 ±0.196638416

12378 -PeCDF 0.2 <0.1 - <0.4 (0/6) <0.2
23478 -PeCDF 0.2 <0.1 - <0.4 (0/6) <0.2

123478 -HxCDF 0.4 <0.2 - <1.1 (0/6) <0.4
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T7T
Location Species_______________ Congener_______pg g'1 Min - Max Frequency Mean ± SD

123678 -HxCDF 0.4 <0.2 - <1.1 (0/6) <0.4
123789 -HxCDF 0.5 <0.3 - <1.0 (0/6) <0.5
234678 -HxCDF 0.4 <0.2 - <0.9 (0/6) <0.4

1234678 -HpCDF 0.3 <0.2 - <0.6 (0/6) <0.3
1234789 -HpCDF 0.5 <0.3 - <0.8 (0/6) <0.5

Total TeCDF 0.3 <0.1 - <0.6 (0/6) <0.3
Total PeCDF 0.2 <0.1 - <0.4 (0/6) <0.2
Total HxCDF 0.4 <0.2 - <1.0 (1/6) <0.4
Total HpCDF 0.4 <0.2 - <0.7 (0/6) <0.4

OCDF 0.4 <0.3 - <0.7 (0/6) <0.4
Lipid 3.8 - 9.1 (0/6) 5.7 ± 1.8

PR2 northern pike 2378 -TCDD 0.1 (0/1)
12378 -PeCDD 0.1 (0/1)

123478 -HxCDD 0.3 (0/1)
123678 -HxCDD 0.3 (0/1)
123789 -HxCDD 0.3 (0/1)

1234678 -HpCDD 0.2 (0/1)
OCDD 0.4 (0/1)

Total TCDD 0.1 (0/1)
Total PeCDD 0.1 (0/1)
Total HxCDD 0.3 (0/1)
Total HpCDD 0.2 (0/1)
2378 -TCDF 0.2 (1/1) 0.2

12378 -PeCDF 0.1 (0/1)
23478 -PeCDF 0.1 (0/1)

123478 -HxCDF 0.3 (0/1)
123678 -HxCDF 0.2 (0/1)
123789 -HxCDF 0.3 (0/1)
234678 -HxCDF 0.3 (0/1)

1234678 -HpCDF 0.2 (0/1)
1234789 -HpCDF 0.2 (0/1)

Total TeCDF 0.2 (0/1)
Total PeCDF 0.1 (0/1)
Total HxCDF 0.3 (0/1)
Total HpCDF 0.2 (0/1)

OCDF 0.3 (0/1)
Lipid (1/1) 3.7
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Table A5. Detection limits for di- and trichloro- PCDD/Fs in livers o f long-nose sucker and 
northern pike (pg g"1 wet wt) from Wapiti/ Smoky and Peace Rivers (1994)1

Species Detection limits (pg g'1 
Mean min

1 wet wt) 
max

longnose suckers 27 -DiCDD 4.7 0.9 13.0
23 -DiCDD 2.7 0.4 7.8

237 -TrCDD 0.5 0.2 1.2
Total -DiCDD 2.7 0.4 7.8
Total -TrCDD 0.5 0.2 1.2

28 -DiCDF 1.5 0.4 4.7
238 -TrCDF 0.4 0.2 1.2

Total -DiCDF 1.5 0.4 4.7
Total -TrCDF 0.4 0.2 1.2

northern pike 27 -DiCDD 7.1 1.5 13
23 -DiCDD 3.7 0.7 6.3

237 -TrCDD 0.6 0.3 0.8
Total -DiCDD 3.7 0.7 6.3
Total -TrCDD 0.6 0.3 0.8

28 -DiCDF 1.8 0.5 4
238 -TrCDF 0.5 0.2 0.8

Total -DiCDF 1.8 0.5 4
Total -TrCDF 0.5 0.2 0.8

'All congeners were below detection limits at all sites (same sites as Table A4)
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DL ft of DL' ft of
Congener or homolog P gg' low high detects mean SD Pg g ‘ low high detects mean

wet wt wet wt

A2 Athabasca River u/s Hinton CW Clearwater River
2378 -TCDD 0.7 0.6 to 5 (4/8) 2.0 ± 1.8 1.1 <0.6 to <1.9 (0/5) < 1.1
12378 -PeCDD 0.8 <0.6 to <1.2 (0/8) <0.8 1.4 <0.9 to <2.2 (0/5) <1.4
123478 -HxCDD 0.7 <0.5 to <1.1 (0/8) <0.7 1.5 <0.9 to <2.8 (0/5) <1.5
123678 -HxCDD 0.7 0.5 to 2 (5/8) 1.1 ±0.5 1.4 1 to <2.6 (1/5) 1.5
123789 -HxCDD 0.7 <0.5 to <1.1 (0/8) <0.7 1.4 <0.9 to <2.7 (0/5) <1.4
1234678 -HpCDD 1.1 <0.6 to 4.1 (5/8) 1.9 ± 1.0 2.0 <1.4 to <3.9 (0/5) <2.0

OCDD 3.6 3.8 to 13 (5/8) 6.4 ± 3.4 5.5 <3.3 to <7.5 (0/5) <5.5
Other TCDD 0.7 <0.3 to <1.5 (0/8) <0.7 1.1 <0.6 to <1.9 (0/5) <1.1
Other PeCDD 0.8 <0.6 to <1.2 (0/8) <0.8 1.4 <0.9 to <2.2 (0/5) <1.4
Other HxCDD 0.7 <0.5 to <1.1 (0/8) <0.7 1.4 <0.9 to <2.7 (0/5) <1.4
Other HpCDD 1.1 <0.6 to <1.8 (0/8) <1.1 2.0 <1.4 to <3.9 (0/5) <2.0
2378 -TCDF 0.5 1.8 to 18 (8/8) 7.9 ± 6.7 0.9 <0.6 to <1.3 (2/5) 1.0
12378 -PeCDF 0.5 <0.3 to <0.9 (0/8) <0.5 0.8 <0.6 to <1.2 (0/5) <0.8
23478 -PeCDF 0.6 <0.3 to <1.0 (0/8) <0.6 0.8 <0.5 to <1.2 (0/5) <0.8
123478 -HxCDF 0.7 <0.4 to <1.0 (0/8) <0.7 1.1 <0.7 to <1.6 (0/5) <1.1
123678 -HxCDF 0.7 <0.3 to <1.0 (0/8) <0.7 1.1 <0.7 to <1.7 (0/5) <1.1
123789 -HxCDF 0.9 <0.4 to <1.3 (0/8) <0.9 1.4 <0.9 to <1.9 (0/5) <1.4
234678 -HxCDF 0.8 0.5 to 2.3 (4/8) 1.3 ± 0.6 1.1 <0.7 to 2 (1/5) 1.3
1234678 -HpCDF 1.1 <0.8 to <1.7 (1/8) 1.2 ±0.3 1.5 <1.0 to <2.5 (0/5) <1.5
1234789 -HpCDF 1.8 <1.2 to <2.6 (0/8) <1.8 2.3 <1.6 to <3.9 (0/5) <2.3
Other TeCDF 0.5 <0.4 to <0.9 (0/8) <0.5 0.9 <0.6 to <1.3 (0/5) <0.9
Other PeCDF 0.5 <0.3 to <0.9 (0/8) <0.5 0.8 <0.5 to <1.2 (0/5) <0.8
Other HxCDF 0.8 <0.4 to <1.1 (0/8) <0.8 1.2 <0.8 to <1.8 (0/5) <1.2
Other HpCDF 1.4 <1.0 to <2.1 (0/8) <1.4 1.9 <1.4 to <3.2 (0/5) <1.9

OCDF 3.0 <1.6 to <5.1 (0/8) <3.0 4.9 <2.4 to <6.3 (0/5) <4.9
%  lipid 37.2 to 69.2 (8/8) 55.4 ± 11.8 19.6 to 33.6 (5/5) 24.7

JV Jackflsh V illage (Athabasca delta) LA W estern Lake Athabasca
2378 -TCDD 0.45 <0.2 to <0.7 (0/2) <0.5 0.6 <0.4 to <0.8 (0/2) <0.6
12378 -PeCDD 0.7 <0.4 to <1.0 (0/2) <0.7 1.5 <1.3 to <1.7 (0/2) <1.5
123478 -HxCDD 0.5 <0.4 to <0.7 (0/2) <0.55 1.3 <0.6 to <2.0 (0/2) <1.3
123678 -HxCDD 0.55 <0.4 to <0.7 (0/2) <0.55 1.1 <0.5 to <1.7 (0/2) <1.1
123789 -HxCDD 0.55 <0.4 to <0.7 (0/2) <0.55 1.2 <0.6 to <1.8 (0/2) <1.2
1234678 -HpCDD 0.8 <0.6 to 1 (0/2) <0.8 2 <0.8 to <3.2 (0/2) <2.0

OCDD 1.7 2.1 to <2.4 (1/2) 2.25 ± 0.2 3.2 <1.8 to <4.5 (0/2) <3.2
Other TCDD 0.45 0.5 to 4.8 (2/2) 2.65 ± 3 0.6 2.3 to 2.3 (2/2) 2.3
Other PeCDD 0.7 <0.4 to <1.0 (0/2) <0.7 1.5 <1.3 to <1.7 (0/2) <1.5
Other HxCDD 0.55 <0.4 to 2.6 (1/2) 1.3 ± 1.8 1.2 <0.6 to <1.8 (0/2) <1.2
Other HpCDD 0.8 <0.6 to <1.0 (0/2) <0.8 2 <0.8 to <3.2 (0/2) <2.0
2378 -TCDF 0.4 <0.2 to 2.9 (1/2) 1.55 ± 1.9 0.5 <0.3 to <0.7 (0/2) <0.5
12378 -PeCDF 0.8 <0.4 to <1.1 (0/2) <0.8
23478 -PeCDF 0.45 <0.3 to <0.9 (0/2) <0.6 1 <0.5 to <1.4 (0/2) <1.0
123478 -HxCDF 0.55 <0.4 to <0.7 (0/2) <0.55 1.1 <0.6 to <1.5 (0/2) <1.1
123678 -HxCDF 0.45 <0.3 to <0.6 (0/2) <0.45 0.9 <0.5 to <1.3 (0/2) <0.9
123789 -HxCDF 0.65 <0.4 to <0.9 (0/2) <0.65 1.2 <0.6 to <1.8 (0/2) <1.2
234678 -HxCDF 0.55 <0.3 to <0.8 (0/2) <0.55 1 <0.5 to <1.4 (0/2) <1.0
1234678 -HpCDF 0.8 <0.5 to <1.1 (0/2) <0.8 1.2 <0.8 to <1.5 (0/2) <1.1
1234789 -HpCDF 0.75 <0.4 to <1.1 (0/2) <0.75 1.1 <0.7 to <1.4 (0/2) <1.1
Other TeCDF 0.4 <0.2 to <0.6 (0/2) <0.4 0.5 <0.3 to <0.7 (0/2) <0.5
Other PeCDF 0.55 <0.3 to <0.8 (0/2) <0.55 0.8 <0.4 to <1.2 (0/2) <0.8
Other HxCDF 0.55 <0.4 to <0.7 (0/2) <0.55 1.1 <0.6 to <1.5 (0/2) <1.1
Other HpCDF 0.8 <0.5 to <1.1 (0/2) <0.8 1.2 <0.8 to <1.5 (0/2) <1.2

OCDF 1.9 1 to <2.8 (0/2) <1.9 3.1 <2.6 to <3.6 (0/2) <3.1
% lipid 0.8 to 21.5 (0/2) 11.2 ± 14.6 0.760 to 29.9 (0/2) 15.4

�=



DL1 #of DL1 # of
Congener or homolog Pgg 

wet wt
low high detects mean SD Pgg'1 

wet wt
low high detects mean SD

LSV Lesser Slave River LSR2 Little Smokey River
2378 -TCDD 0.9 0.4 to <3.8 (6/19) 1.1 ± 0 .9 3.9 (0/1) <3.9
12378 -PeCDD 1.3 <0.4 to <4.6 (1/19) 1.3 ± 1.0 4.3 (0/1) <4.3
123478 -HxCDD 1.3 0.2 to <0.6 (0/19) <1.3 5.8 (0/1) <5.8
123678 -HxCDD 1.2 0.9 to 7.1 (16/19) 2.9 ± 1.6 5.3 (0/1) <5.3
123789 -HxCDD 1.2 <0.2 to <5.6 (16/19) 1.4 ± 1.3 5.5 (0/1) 5.5
1234678 -HpCDD 2.0 2 to 180 (18/19) 14.0 ±41.5 6.6 (0/1) 6.6

OCDD 4.8 1.9 to 580 (9/19) 37.9 ± ### 8.6 (0/1) <8.6
Other TCDD 0.9 0.8 to <3.8 (14/19) 2.0 ± 0.7 3.9 (0/1) <3.9
Other PeCDD 1.3 <0.3 to <4.6 (0/19) <1.3 4.3 (0/1) <4.3
Other HxCDD 1.2 <0.2 to 17 (1/19) 2.1 ± 3 .9 5.5 (0/1) <5.5
Other HpCDD 2.0 0.6 to 67 (2/19) 6.0 ± 15.6 6.6 (0/1) <6.6
2378 -TCDF 0.8 1.6 to 10 (18/19) 5.9 ± 2.6 2.1 (1/1) 2.9
12378 -PeCDF 0.9 0.2 to 2.6 (17/19) 0.9 ± 0.6 2.8 (0/1) <2.8
23478 -PeCDF 0.9 <0.3 to <2.4 (0/19) <0.9 3.1 (0/1) <3.1
123478 -HxCDF 1.0 0.3 to 5.7 (1/19) 1.0 ± 1.2 3 (0/1) <3.0
123678 -HxCDF 1.0 <0.3 to <6.1 (1/19) 1.0 ± 1.3 3.6 (0/1) <3.6
123789 -HxCDF 1.4 <0.5 to <8.0 (0/19) <1.4 4 (0/1) <4.0
234678 -HxCDF 1.1 <0.4 to <6.3 (6/19) 1.5 ± 1.5 3.2 (0/1) <3.2
1234678 -HpCDF 1.6 0.7 to <8.9 (2/19) 1.8 ± 1.9 4.8 (0/1) <4.8
1234789 -HpCDF 2.7 <0.9 to <20 (0/19) <2.7 4.2 (0/1) <4.2
Other TeCDF 0.8 <0.2 to <3.0 (3/19) 1.0 ± 0 .7 2.1 (0/1) <2.1
Other PeCDF 0.9 <0.3 to 2.9 (2/19) 1.1 ± 0 .7 3 (0/1) <3.0
Other HxCDF 1.1 <0.4 to <0.65 (9/19) 1.6 ± 1.4 3.4 (0/1) <3.4
Other HpCDF 2.1 <0.8 to <14.0 (1/19) 2.7 ± 3.5 4.5 (0/1) <4.5

OCDF 3.8 <1.1 to <17.0 (1/19) 4.5 ± 4.5 15 (0/1) <15
% lipid 6.8 to 65.7 (19/19) 48.3 ± 14.3 (1/1) 15

LSR3 MCR2 McLeod River
2378 -TCDD 2.7 (0/1) <2.7 1.2 <0.3 to <2.3 (0/7) <1.2
12378 -PeCDD 2.8 (0/1) <2.8 1.5 <0.5 to <2.9 (0/7) <1.5
123478 -HxCDD 3.1 (0/1) <3.1 1.3 <0.7 to <2.0 (0/7) <1.3
123678 -HxCDD 2.7 (0/1) <2.7 1.3 0.5 to 1.8 (0/7) 1.2 0.5
123789 -HxCDD 2.9 (0/1) <2.9 1.3 <0.6 to ,1.8 (0/7) <1.3
1234678 -HpCDD 3.3 (0/1) <3.3 2.5 1.8 to 11 (5/7) 5.0 3.1

OCDD 12.0 (0/1) <12.0 5.5 3.1 to 12 (3/7) 7.8 2.7
Other TCDD 2.7 (0/1) <2.7 1.2 <0.3 to 4.1 (1/7) 1.7 1.3
Other PeCDD 2.8 (0/1) <2.8 1.5 <0.5 to <2.9 (0/7) <1.5
Other HxCDD 2.9 (0/1) <2.9 1.3 <0.6 to 2.3 (1/7) 1.5 0.6
Other HpCDD 3.3 (0/1) <3.3 2.5 <0.5 to <4.2 (0/7) <2.5
2378 -TCDF 2.1 (1/1) 12 0.9 1.2 to 4.2 (6/7) 2.4 1.2
12378 -PeCDF 2.5 (0/1) <2.5 0.7 <0.2 to <1.3 (0/7) <0.7
23478 -PeCDF 2.9 (0/1) <2.9 0.8 <0.3 to <1.4 (1/7) 0.8 0.4
123478 -HxCDF 2.4 (0/1) <2.4 1.6 <0.8 to <2.3 (0/7) <1.6
123678 -HxCDF 2.6 (0/1) <2.6 1.5 <0.7 to <2.4 (0/7) <1.5
123789 -HxCDF 2.0 (0/1) <2.0 1.8 <0.9 to <3.0 (0/7) <1.8
234678 -HxCDF 2.0 (0/1) <2.0 1.6 1.1 to 16 (5/7) 4.8 5.3
1234678 -HpCDF 2.6 (0/1) <2.6 2.7 <1.6 to <4.6 (1/7) 2.9 1.1
1234789 -HpCDF 1.9 (0/1) <1.9 3.7 <1.0 to <5.4 (0/7) <3.7 1.8
Other TeCDF 2.1 (0/1) <2.1 0.9 <0.4 to <1.5 (0/7) <0.9
Other PeCDF 2.7 (0/1) <2.7 0.8 <0.2 to 6.5 (1/7) 1.5 2.2
Other HxCDF 2.2 (0/1) <2.0 1.6 0.8 to <2.6 (0/7) <2.1 1.5
Other HpCDF 2.3 (0/1) <2.3 3.2 <0.9 to <4.8 (0/7) <3.2

OCDF 9.1 (0/1) <9.1 3.1 0.9 to <4.8 (0/7) <3.1
%  lipid (1/1) 22.7 6 to 20.5 (7/7) 14.6 5.6
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DL1 # of DL1 # of
Congener or homolog Pgg' 

wet wt
low high detects mean SD Pgg'1 

wet wt
low high detects mean

2378 -TCDD 0.5 <0.4 to <0.6 (0/2) 0.0 0.5 0.3 <1.8 (11/20) 0.7
12378 -PeCDD 0.65 <0.5 to <0.8 (0/2) <0.6 0.6 <0.3 to <1.8 (0/20) 0.6
123478 -HxCDD 0.7 <0.5 to <0.9 (0/2) <0.7 0.7 <0.3 to <2.1 (0/20) <0.6
123678 -HxCDD 0.6 0.4 to <1.8 (15/20) 0.9
123789 -HxCDD 0.7 <0.5 to <0.9 (0/2) <0.7 0.6 0.35 to 1.9 (20/20) 0.6
1234678 -HpCDD 0.8 <0.6 to <0.9 (0/2) <0.8 0.9 0.5 to 1.7 (20/20) 0.9

OCDD 1.5 1 to 2 (0/2) 1.5 2.3 <1.2 to 5.3 (7/20) 2.6
Other TCDD 0.5 0.4 to 0.6 (1/2) 0.5 0.5 0.04 to 3.3 (11/20) 1.0
Other PeCDD 0.7 <0.5 to <0.8 (0/2) <0.7 0.6 <0.3 to <1.8 (0/20) <0.6
Other HxCDD 0.7 0.5 to 0.9 (1/2) 0.7 0.6 <0.4 to <1.9 (0/20) <0.6
Other HpCDD 0.8 <0.6 to <0.9 (0/2) <0.8 0.9 <0.5 to <1.7 (0/20) <0.9
2378 -TCDF 0.4 <0.3 to <0.4 (0/2) <0.4 0.5 3.1 to 13 (20/20) 6.2
12378 -PeCDF 0.6 <0.3 to <0.8 (0/2) <0.5 0.4 <0.2 to 1.3 (16/20) 0.6
23478 -PeCDF 0.7 <0.4 to <0.9 (0/2) <0.6 0.5 <0.2 to 1.5 (9/20) 0.5
123478 -HxCDF 0.7 <0.4 to 1 (0/2) <0.7 0.5 <0.3 to <1.3 (1/20) 0.5
123678 -HxCDF 0.6 <0.3 to <0.8 (0/2) <0.6 0.5 ,0.3 to <1.2 (1/20) 0.5
123789 -HxCDF 0.8 <0.4 to 1.2 (0/2) <0.8 0.7 <0.3 to <1.5 (0/20) <0.7
234678 -HxCDF 0.6 <0.4 to <0.8 (0/2) <0.6 0.5 0.3 to 1.4 (6/20) <0.6
1234678 -HpCDF 0.8 <0.5 to <1.1 (0/2) <0.8 0.6 <0.3 to <1.6 (0/20) <0.6
1234789 -HpCDF 0.8 <0.4 to <1.1 (0/2) <0.8 0.7 <0.4 to <2.0 (0/20) <0.7
Other TeCDF 0.4 <0.3 to <0.4 (0/2) <0.4 0.5 <0.2 to 2.1 (8/20) 0.7
Other PeCDF 0.6 <0.3 to <0.8 (0/2) <0.6 0.5 <0.2 to <1.4 (2/20) 0.5
Other HxCDF 0.7 <0.4 to <0.9 (0/2) <0.7 0.6 <0.3 to <1.4 (0/20) <0.6
Other HpCDF 0.8 <0.5 to <1.1 (0/2) <0.8 0.6 <0.3 to <1.8 (0/20) <0.6

OCDF 1.9 1.2 to 2.5 (0/2) 1.9 2.0 <0.6 to <6.5 (0/20) <2.0
% lipid 0.76 44.8 (2/2) 22.8 18.7 to 62.6 (20/20) 46.3

SR3 Sm okey River at Canfor Bridge SRI Smokey R iver a t W atino
2378 -TCDD 0.8 (1/1) 3 0.9 0.8 3.7 (16/19) 1.5
12378 -PeCDD 1.7 (0/1) <1.7 1.3 0.3 to 5.2 (3/19) 1.3
123478 -HxCDD 1.4 (0/1) <1.4 1.2 <0.2 to <6.3 (0/19) <1.2
123678 -HxCDD 1.4 (1/1) 3.2 1.1 0.8 to 13 (14/19) 2.9
123789 -HxCDD 1.4 (0/1) <1.4 1.1 0.3 to <5.7 (7/19) 1.5
1234678 -HpCDD 2.2 (1/1) 3.9 1.9 1.3 to 7.8 (13/19) 3.6

OCDD 11 (0/1) <11 6.0 2.2 to 20 (6/19) 6.6
Other TCDD 0.8 (1/1) 9.2 0.9 <0.2 to 7.2 (5/19) 1.2
Other PeCDD 1.7 (0/1) <1.7 1.3 <0.2 to <5.3 (0/19) <1.3
Other HxCDD 1.4 (0/1) <1.4 1.1 <0.2 to <5.7 (1/19) 1.2
Other HpCDD 2.2 (0/1) ,2.2 1.9 0.4 to 6.6 (0/19) 1.9
2378 -TCDF 1.1 (1/1) 48 0.9 10 to 50 (19/19) 19.8
12378 -PeCDF 0.7 (0/1) <0.7 0.7 <0.2 to <2.8 (7/19) 0.9
23478 -PeCDF 0.9 (0/1) <0.9 0.9 <0.2 to <4.2 (4/19) 0.9
123478 -HxCDF 0.9 (0/1) <0.9 0.9 <0.3 to <4.0 (0/19) <0.9
123678 -HxCDF 0.9 (0/1) <0.9 1.0 <0.3 to <5.1 (1/19) 1.0
123789 -HxCDF 1.2 (0/1) <1.2 1.3 <0.3 to <5.7 (0/19) <1.3
234678 -HxCDF 1.1 (0/1) <1.1 1.0 <0.4 to <4.6 (9/19) 1.2
1234678 -HpCDF 1.1 (0/1) <1.1 1.0 <0.3 to <3.2 (6/19) 1.1
1234789 -HpCDF 1.7 (0/1) <1.7 1.5 <0.5 to <4.5 (0/19) <1.5
Other TeCDF 1.1 (0/1) <1.1 0.9 <0.2 to <4.2 (0/19) <0.9
Other PeCDF 0.8 (0/1) <0.8 0.8 <0.1 to <3.5 (0/19) <0.8
Other HxCDF 1 (0/1) <1.0 1.1 <0.3 to <4.9 (4/19) 1.2
Other HpCDF 1.4 (0/1) <1.4 1.3 <0.4 to <3.9 (0/19) <1.3

OCDF 7.3 (0/1) <7.3 4.9 <0.9 to <21.0 (0/19) <4.9
% lipid (1/1) 57.4 42.6 to 81.1 (19/19) 60.0

WAB1 W abasca River W R W apiti River d /s Grand Prairie
2378 -TCDD 2.1 <1.0 to <3.1 (0/5) <2.1 1.3 0.7 to <5.4 (9/13) 2.1
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# o f
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12378 -PeCDD 2.6 <1.5 to <3.8 (0/5) <2.6 1.7 <0.2 to <5.7 (0/13) <1.7
123478 -HxCDD 2.7 <1.5 to <5.2 (0/5) 2.7 1.6 <0.2 to <5.2 (0/13) <1.6
123678 -HxCDD 2.7 <1.5 to <5.5 (0/5) 2.7 1.5 0.7 to <4.5 (9/13) 2.0
123789 -HxCDD 2.7 <1.5 to <5.3 (0/5) 2.7 1.5 <0.2 to <4.9 (0/13) <1.5
1234678 -HpCDD 3.4 2.4 to 6.2 (2/5) 4.1 2.4 1 to <8.1 (5/13) 2.9

OCDD 9.3 5.3 to <13.0 (1/5) 9.7 7.4 2 to <21.0 (7/13) 8.3
Other TCDD 2.1 <1.0 to <3.1 (0/5) <2.1 1.3 <0.2 to 12 (1/13) 2.1
Other PeCDD 2.6 <1.5 to <3.8 (0/5) <2.6 1.7 <0.2 to <5.7 (0/13) <1.7
Other HxCDD 2.7 <1.5 to <5.3 (0/5) <2.7 1.5 <0.2 to <4.9 (0/13) <1.5
Other HpCDD 3.4 <1.7 to <4.0 (0/5) <3.4 2.4 <0.3 to <8.1 (0/13) <2.4
2378 -TCDF 1.7 1.4 to <2.4 (1/5) 2 1.3 11 to 52 (13/13) 25.2
12378 -PeCDF 2.0 <0.7 to <3.8 (0/5) <2.0 1.1 <0.2 to <4.5 (1/13) 1.1
23478 -PeCDF 2.2 <1.0 to <3.9 (0/5) <2.2 1.2 <0.2 to <4.2 (2/13) 1.2
123478 -HxCDF 3.0 <2.0 to <4.7 (0/5) <3.0 1.3 <0.2 to <4.1 (0/13) <1.3
123678 -HxCDF 2.7 <1.9 to <4.0 (0/5) <2.7 1.3 <0.2 to <3.9 (0/13) <1.3
123789 -HxCDF 3.6 ,2.4 to <5.9 (0/5) <3.6 1.6 <0.3 to <5.2 (0/13) <1.6
234678 -HxCDF 3.2 2.5 to <5.2 (1/5) 3.5 1.3 <0.3 to 4.8 (5/13) 1.6
1234678 -HpCDF 4.0 <1.1 to <6.5 (0/5) <4.0 1.9 <0.2 to <7.2 (1/13) <2.0
1234789 -HpCDF 5.5 <1.5 to <8.8 (0/5) <5.5 2.4 <0.3 to <8.6 (0/13) <2.4
Other TeCDF 1.7 <0.8 to <2.4 (0/5) <1.7 1.3 <0.2 to <4.4 (3/13) 1.4
Other PeCDF 2.1 <0.8 to <3.8 (0/5) <2.1 1.1 <0.2 to <4.4 (1/13) 1.2
Other HxCDF 3.1 <2.0 to <4.9 (0/5) <3.1 1.4 <0.3 to <4.2 (1/13) 1.5
Other HpCDF 4.8 <1.3 to <7.7 (0/5) <4.8 2.2 <0.3 to <7.8 (0/13) <2.2

OCDF 7.2 <4.6 to <10.0 (0/5) <7.2 5.3 <1.1 to <17.0 (0/13) <5.3
% lipid 8.4 57.8 (5/5) 34.3 34.8 to 60.6 (13/13) 48.8

WR1 W apiti River u/s Grand Prairie
2378 -TCDD 1.5 0.4 to 3.1 (2/5) 1.6
12378 -PeCDD 2.9 0.7 to <5.8 (0/5) <2.9
123478 -HxCDD 2.8 <0.7 to <7.1 (0/5) <2.8
123678 -HxCDD 2.4 0.8 to 5.6 (2/5) 3.0
123789 -HxCDD 2.6 <0.7 to <6.3 (0/5) <2.6
1234678 -HpCDD 3.5 1.3 to 8.9 (3/5) 4.6

OCDD 16.0 <3.0 to <33.0 (0/5) <16.0
Other TCDD 1.5 <0.3 to 6 (2/5) 2.3
Other PeCDD 2.9 <0.7 to <5.8 (0/5) <2.9
Other HxCDD 2.6 <0.7 to <6.3 (0/5) <2.6
Other HpCDD 3.5 <1.1 to <5.4 (0/5) <3.5
2378 -TCDF 1.5 3.5 to 17 (5/5) 11.5
12378 -PeCDF 1.3 0.5 to 2.7 (1/5) 1.3
23478 -PeCDF 1.5 0.5 to <3.0 (1/5) 1.5
123478 -HxCDF 1.5 <0.4 to <2.6 (0/5) <1.5
123678 -HxCDF 1.7 <0.3 to <3.1 (0/5) <1.7
123789 -HxCDF 2.2 <0.5 to <3.9 (0/5) <2.2
234678 -HxCDF 1.7 <0.4 to <2.9 (0/5) <1.7
1234678 -HpCDF 1.7 <0.6 to <3.0 (0/5) <1.7
1234789 -HpCDF 2.3 <0.9 to <3.9 (0/5) <2.3
Other TeCDF 1.5 <0.4 to <4.0 (0/5) <1.5
Other PeCDF 1.4 <0.3 to <2.9 (0/5) <1.4
Other HxCDF 1.8 <0.4 to <3.1 (0/5) <1.8
Other HpCDF 2.0 <0.8 to <3.4 (0/5) <2.0

OCDF 12.4 <2.0 to <29.0 (0/5) <12.4
% lipid 46.6 78.6 (5/5) 57.3

1 Sample detection limit
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APPENDIX B.
CONCENTRATIONS OF PCDD/F CONGENERS IN EFFLUENT, SUSPENDED SOLIDS, RIVER 
WATER (CENTRIFUGATE) AND BOTTOM SEDIMENTS DOWNSTREAM OF THE HINTON 
COMBINED EFFLUENT, FEBRUARY/MAY 1993.
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Table B l .  Levels o f  Higher Chlorinated PCDD/Fs in Hinton Combined Effluent
from the Athabasca River, February 11 ,1993

Congener or 
Homolog

Suspended Solids 
(centrifuged)

p g g 1 d l 1

Aqueous phase 
(centrifugate) 

pg L'1 DL
TCDD-Total 35 0.16 0.35 0.21
2,3,7,8 24 0.16 0.35 0.21

P5CDD-Total 11 0.68 <0.10 0.10
1,2,3,7,8- 2.1 0.68 <0.10 0.10

H6CDD-Total 8.9 0.46 <0.10 0.10
1,2,3,4,7,8- 0.8 0.46 <0.10 0.10
1,2,3,6,7,8- 1.1 0.46 <0.10 0.10
1,2,3,6,7,9- 1.3 0.46 <0.10 0.10

H7CDD-Total 24 0.52 0.16 0.11
1,2,3,4,6,7,8 12 0.52 0.16 0.11
OCDD-Total 130 0.91 0.60 0.12

TCDF-Total 250 0.10 76 0.10
2,3,7,8 56 0.10 0.78 0.10

P5CDF-Total 24 0.39 0.60 0.10
1,2,3,7,8- 2.5 0.39 <0.10 0.10
2,3,4,7,8- 2.0 0.39 <0.10 0.10

H6CDF-Total 9.2 0.93 <0.10 0.10
1,2,3,4,7,8- 1.0 0.93 <0.10 0.10
1,2,3,6,7,8- 0.0 0.93 <0.10 0.10
2,3,4,6,7,8- 0.0 0.93 <0.10 0.10
1,2,3,7,8,9- 0.0 0.93 <0.10 0.10

H7CDF-Total 12 0.44 <0.10 0.10
1,2,3,4,6,7,8 6.0 0.44 <0.10 0.10
1,2,3,4,7,8,9 0.0 0.44 <0.10 0.10

OCDF-Total 15 0.58 <0.10 0.10
1 Sample detection limit
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Table B3. Levels o f  Higher Chlorinated PCDD/Fs in Water (centrifugate)
from the Athabasca River, February 1993
Obed Coal
(02/12/93)

��� ' 1

Br.

DL1

Knight Bridge/ Berland 
(02/14/1993) 

pg L’1 DL
TCDD-Total <0.10 0.10 <0.10 0.10
2,3,7,8 <0.10 0.10 <0.10 0.10

P5CDD-Total <0.10 0.10 <0.10 0.10
1,2,3,7,8- <0.10 0.10 <0.10 0.10

H6CDD-Total <0.10 0.10 <0.10 0.10
1,2,3,4,7,8- <0.10 0.10 <0.10 0.10
1,2,3,6,7,8- <0.10 0.10 <0.10 0.10
1,2,3,6,7,9- <0.10 0.10 <0.10 0.10

H7CDD-Total 0.25 0.20 0.35 0.20
1,2,3,4,6,7,8 <0.20 0.20 <0.20 0.20

OCDD-Total 0.70 0.50 1.40 0.50

TCDF-Total 0.24 0.10 0.14 0.10
2,3,7,8 <0.10 0.10 <0.10 0.10

P5CDF-Total <0.10 0.10 <0.10 0.10
1,2,3,7,8- <0.10 0.10 <0.10 0.10
2,3,4,7,8- <0.10 0.10 <0.10 0.10

H6CDF-Total <0.10 0.10 <0.10 0.10
1,2,3,4,7,8- <0.10 0.10 <0.10 0.10
1,2,3,6,7,8- <0.10 0.10 <0.10 0.10
2,3,4,6,7,8- <0.10 0.10 <0.10 0.10
1,2,3,7,8,9- <0.10 0.10 <0.10 0.10

H7CDF-Total <0.10 0.10 <0.10 0.10
1,2,3,4,6,7,8 <0.10 0.10 <0.10 0.10
1,2,3,4,7,8,9 <0.10 0.10 <0.10 0.10

OCDF-Total <0.10 0.20 <0.10 0.20
1 Sample detection limit
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Table B4. Levels o f lower chlorinated PCDD/Fs in water (centrifugate) from the
_______________ Athabasca River, February 1993 __________

Athabasca @ Obed Br. Athabasca u/s Knight Br.
12-Feb-93 14-Feb-93

pg L'1 DL1____________ pg L'1 DL1
1-MoCDD <0.17 0.17 <0.18 0.18
2-MoCDD <0.17 0.17 <0.18 0.18
MoCDD-Total <0.17 0.17 <0.18 0.18
27/28-DiCDD <0.54 0.54 <0.70 0.70
23-DiCDD <0.54 0.54 0.90 0.70
28-DiCDD N/R N/R
27-DiCDD N/R N/R
DiCDD-Total <0.54 0.54 <0.70 0.70
124-TrCDD <0.10 0.10 <0.10 0.10
237-TrCDD <0.10 0.10 <0.10 0.10
123-TrCDD <0.10 0.10 <0.10 0.10
TrCDD-Total <0.10 0.10 <0.10 0.10

2-MoCDF <1.2 1.2 <1.2 1.2
4-MoCDF <1.2 1.2 <1.2 1.2
MoCDF-Total <1.2 1.2 <1.2 1.2
24-DiCDF <0.18 0.18 <0.17 0.17
28-DiCDF <0.18 0.18 4.2 0.17
26-DiCDF <0.18 0.18 0.36 0.17
DiCDF-Total <0.18 0.18 4.2 0.17
246/248-TrCDF <0.20 0.20 <0.20 0.20
238-TrCDF <0.20 0.20 0.59 0.20
TrCDF-Total <0.20 0.20 1.4 0.20
1 Sample detection limit
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the current levels o f contaminants in water, sediment, benthic invertebrates and fish have changed from 
results found in 1987-88, and 1991-92 (Alberta Environment 1988, Trudel 1991, Swanson e t  a l. 1992, 
Pastershank and Muir 1994). The study will also elaborate on the partitioning, fate and bioaccumulation 
of this group of compounds following their discharge into northern Alberta river systems. These data will 
also be particularly relevant for the contaminant fate and food chain models being developed for the 
northern rivers by NRBS scientists (project 2381-D1).

II. GENERAL REQUIREMENTS

The contractor is required to interpret analytical data for organochlorines and produce comprehensive 
reports relative to the four tasks outlined in these terms of reference. The format of the reports should be 
consistent with Pastershank and Muir (1994; project 2381-C5) to facilitate inter-basin and inter-year 
comparisons of organochlorine data, and to allow for an assessment of ecosystem health in the northern 
rivers. The reports should include, but not necessarily be limited to, the following:

a) a background information section, including a review of physiochemical parameters of 
compounds, their persistence in the environment, toxicity, sources, fate, transport and 
biomagnification,

b) a methods section describing the types o f samples, numbers, locations (include maps where 
appropriate), analytical procedures conducted by laboratories (include QA/QC), and 
statistical analyses,

c) a results and discussion section that presents the information, with the aid of tables and 
figures, in a manner enhancing the discussion and comparison of spatial and temporal 
trends of contaminant levels found in samples o f effluent, water, sediments, benthic 
invertebrates and fish within the northern rivers, and

d) include appendices for the analytical data results from laboratories.

To obtain the necessary field collections reports, laboratory analyses reports and Laboratory Analysis 
Approval (LAA) numbers, the contractor is to contact Dr. Brian Brownlee [NWRI, Burlington (905) 336- 
4706] or the Component Coordinator at NRBS.

Task 1. Dioxins/Furans - 1993 Data Set

The results of dioxin/furan analyses for 1993 (including the fall 1992 fish collections) should be presented 
and interpreted as both congener specific and TEQs for each o f the sample media analyzed. The focus of 
the fish results will be on the 2,3,7,8-substituted congeners o f dioxins/furans because o f their prominence 
in the fish tissues sampled in 1992. The contractor is also expected to report on the variations in the 
contaminant levels o f fish caused by species, sex, sample location and lipid content. The report is to 
include predictions o f bioaccumulation potential of specific contaminants (particularly 2,3,7,8-TCDD/F) 
by estimating Bioconcentration Factors (BCF) in fish and sediments. Comment on the levels of PCDD/Fs 
TEQs in effluent, water, sediment, invertebrates and fish and compare with the guideline limits 
recommended by Canadian Environmental Quality Guidelines (Environment Canada 1993).

Under this task, the contractor is required to interact on a regular basis with Golder Associates Ltd. [contact 
Gordon Macdonald at (403 ) 299-5600], providing them with 2,3,7,8-TCDF data from biotic and abiotic 
samples for use in the contaminant fate and food chain models.
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Task 2. Other Organochlorines - 1992-93 Data Sets

-����������������)&����������� �����3445�4�� ����������$�������������������������������������������&����
���  �����  �� "#$%+� -��� ����������� ��� ��)&����� ��� ������� ���� ���������� ��$� ��������� ����&�����  ��
�� ���������� ����������������!� ������������ ��$������� ���������.���������������)&��������� '%������.�
� � � � �: � 34;:(� ��� ��� �������&��� ���������� ������ ���� �&����� ��� ���������� ���� ������ ��$� ��������������
'=�1������������������ 34;4(+

D������������������������������� ��� �������� ��� �����������������������&��������&�����������������������
����������+� -����������������������������������������������� ������������������������������������������
������������� ��&����� ��P+%+E��� '344�(V

������ ����������� ������������������
�������� ���������� ��.���
dieldrin lindane (Y-hexachlorocyclohexane)
�����&�����'C�����CC(� �����
������� ���������
������//-� '����&��������� ���� �������///� ����//E(

��������������� ������� � �������� ��$������ ��������������������������������� �������&���!������!� ��������!�
������� ������ ���� ����� ���� ��� � ������ �������� ����� ���� �&�������� ������� ������������  �� ���������
E�������������L&������6&��������� 'E������������������344�(+

Task 3. Dioxins/Furans -1994 Data Set

C����������������������������&����� � �������0�&���������������������3448���������!������������������� ������������
 ������� ������ ��+� -��� ����������� ���&���  �� ������ ����� ���� � ������ ��//01� �������� ���������� ��� 3448�
���������� �������.�������������������������������������������+� %����������-����3!���������������������)&�����
��������������������&���� ����������6�����������������7��+�W��������6������=������������'8>��(�544�9?>>X!�
���������������� ����5!�!:!;�-�/1����������� ������ ����� ������ ������������&���������� �����������������
���������������������+
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III. REPORTING REQUIREMENTS
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Electronic copies of tables, figures and data appendices in the report are also to be 
submitted to the Project Liaison Officer along with the final report. These should be 
submitted in a spreadsheet (Quattro Pro preferred, but also Excel or Lotus) or database 
(dBase IV) format. Where appropriate, data in tables, figures and appendices should be 
geo-referenced.

6. All figures and maps are to be delivered in both hard copy (paper) and digital formats. Acceptable 
formats include: DXF, uncompressed E 0 0 , VEC/VEH, Atlas and ISIF. All digital maps must be 
properly geo-referenced.

7. All sampling locations presented in report and electronic format should be geo-referenced. This is 
to include decimal latitudes and longitudes (to six decimal places) and UTM coordinates. The first 
field for decimal latitudes / longitudes should be latitudes (10 spaces wide). The second field 
should be longitude (11 spaces wide).

8. A presentation package of 35 mm slides is to comprise of one original and four duplicates o f each 
slide.

IV. DELIVERABLES

1. A report summarizing and interpreting the dioxin/furan data for biotic and abiotic samples 
collected in 1993 (including the fall 1992 fish samples).

2. A report summarizing and interpreting other organochlorine data for biotic and abiotic samples 
collected in 1992-93.

3. A report summarizing and interpreting the dioxin/furan data for biotic and abiotic samples 
collected in 1994.

4. A report summarizing and interpreting other organochlorine data for biotic and abiotic samples 
collected in 1994.

5. Ten to twenty-five 35 mm slides that can be used at public meetings to summarize the project, 
methods and key findings.

V. CONTRACT ADMINISTRATION

This project has been proposed by the Contaminants Component of the NRBS (Contaminants Component
Leader - Dr. John Carey, NWRI, Burlington).
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