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PREFACE:

The Northern River basins Study was initiated through the "Canada-Alberta-Northwest Territories Agreement Respecting 
the Peace-Athabasca-Slave River Basin Study, Phase II - Technical Studies" which was signed September 27, 1991. The 
purpose of the Study is to understand and characterize the cumulative effects of development on the water and aquatic 
environment of the Study Area by coordinating with existing programs and undertaking appropriate new technical studies.

This publication reports the method and findings of particular work conducted as part of the Northern River Basins Study. 
As such, the work was governed by a specific terms of reference and is expected to contribute information about the Study 
Area within the context of the overall study as described by the Study Final Report. This report has been reviewed by the 
Study Science Advisory Committee in regards to scientific content and has been approved by the Study Board of Directors 
for public release.

It is explicit in the objectives of the Study to report the results of technical work regularly to the public. This objective is 
served by distributing project reports to an extensive network of libraries, agencies, organizations and interested 
individuals and by granting universal permission to reproduce the material.

This report contains referenced data obtained from sources external to the Northern River Basins Study. Individuals 
interested in using external data must obtain permission to do so from the donor agency.
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WATER ODOUR, 
ATHABASCA RIVER, 1993

STUDY PERSPECTIVE

Public concerns have been raised that pulp mill 
effluent and other effluent sources are making 
drinking water odorous and bad tasting. A study 
was undertaken to analyze the water in the 
Athabasca River from upstream of Hinton to Fort 
Chipewyan, a distance of 1200 kilometres. The 
water at 30 sites was tested for odours by two 
independent flavour panels in addition to being 
analyzed by gas chromatography using both 
sensory and chemical specific detection methods.
The purpose of this study was to give a preliminary 
indication of the extent of water odour problems in 
the Athabasca River and also to identify the 
chemical compounds likely to cause these 
problems.

At Hinton the effluent of the pulp mill and town are 
combined and treated. This effluent was identified 
by all detection methods as having a significant 
impact on raw water odour as far downstream as 
Ft. McKay (1000 Km downstream of Hinton). The 
communities potentially affected include: 
Whitecourt, Athabasca, Ft. McMurray, Ft. 
Chipewyan.

Tributaries were found to have an insignificant 
effect on raw water odour. Future water odour 
studies were recommended to concentrate on the 
Athabasca River mainstem. The report concluded 

that flavour panels were the most appropriate way to monitor for the presence of odour-causing 
compounds. Chemical specific gas chromatography, although accurate, is limited in its application to only 
a few specific compounds.

This study provided an opportunity to compare and evaluate different odour detection methods. Most 
importantly, it provided baseline information on the odour characteristics of water in the Athabasca River 
prior to the Alberta-Pacific Pulp Mill coming on stream. A follow-up study in 1993/94 is to provide 
additional information on the effect of the new mill on off-flavour tainting of water.

The Northern River Basins Science Advisory 
Committee noted that although anisoles and 
veratroles, substances commonly associated 
with taste and odour problems, were 
undetected in the effluent, they may form from 
precursors such as guaicols which were 
neither tested in the effluent nor river samples. 
The possiblity exists that should these 
precoursers exist, odours could appear as 
latent effects of biological processes active in 
the aquatic ecosystem. The results of the next 
study (4413-C1) on off-flavour tainting should 
shed some light on this possibility.

Related Study Questions

2) What is the current state o f water 
quality in the Peace, Athabasca and 
Slave River basins, including the Peace- 
Athabasca Delta?

8) Recognizing that people drink water and 
eat fish from these river 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?
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REPORT SUMMARY

The purpose of this study was to determine the potential for off-flavour tainting of water and/or fish in 
the Athabasca River by compounds discharged by bleached kraft and chemi-thermomechanical pulp 
mills. The opportunity to determine in-stream occurrence of common tainting compounds prior to the 
startup of the Alberta-Pacific mill was exploited. This study combined three different analytical 
methods commonly used in monitoring for the presence of odorous compounds in water supplies. 
Two trained flavour profile panels were used to characterize the odour of the samples, two trained 
analysts evaluated the samples using olfactory GC and all samples were quantitatively analyzed for the 
presence of target odour compounds using GC/MS. These three techniques all provide quite different 
information and all have certain limitations.

The flavour profile panel work, involving two independent panels, clearly indicated an impact of 
Hinton combined effluent on the odour of the Athabasca River for substantial distances downstream. 
The odour contributions to the Athabasca River from tributaries were minor. The odour contributions 
from other effluent sources (sewage treatment plants and chemi-thermomechanical pulp mills) were 
less distinctive than the Hinton combined effluent and their role in affecting downstream odour is not 
as clear. Notwithstanding these observations, the observed impacts on raw water odour could not be 
detected in the treated drinking water at Ft. McMurray, possibly because of removal of odorous 
compounds in treatment and / or masking of the raw water odour with chlorinous odours. The raw 
water supply at Ft. Chipeweyan was not particularly odorous and the finished water exhibited a very 
strong chlorine odour that would have masked any subtle odours present.

The CLSA-GC/MS for target compounds also suggests that there was limited contribution of odour 
compounds from the tributaries. None of the effluent samples, including the Hinton combined 
effluent, contributed substantial concentrations of the target odour compounds to the Athabasca River, 
with the possible exception of geosmin. Notwithstanding these findings, there was a very distinctive 
rise in 3,4,5-trichloroveratrole and a measurable, but less distinctive rise in 2,4,6-trichloroanisole in 
the Athabasca River downstream of Hinton. Because neither of these compounds were present in 
substantial concentration in the Hinton combined effluent, and their concentrations increased 
downstream of Hinton, there is not a simple explanation for a possible role of this effluent source in 
the observed Athabasca River system concentrations for these compounds. In any case, none of the 
target odour compounds, by themselves would explain the odour character that was perceived by the 
flavour panel in the Hinton combined effluent and affected downstream samples. The OGC should 
have provided a separate approach to account for non-target odorous compounds that might explain the 
odours perceived by the flavour panel. However, there were very few extra odour peaks detected by 
OGC with perhaps only a sulfiiry / septic odour and a sulfury/mercaptan/crude oil odour that were 
likely to have contributed in any substantial way to the pulp mill odour character. Identifying these 
compounds would likely assist the odour characterization process, but there are likely other 
contributing compounds that have not yet been detected by the methods employed in this survey. This 
possibility suggests the need for a better characterization of the compounds that are primarily 
responsible for creating the odour of pulp mill effluents.
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1.0 INTRODUCTION

1.1 OBJECTIVE

The purpose of this study was to determine the potential for off-flavour tainting of water and/or fish in 
the Athabasca River by compounds discharged by bleached kraft and chemi-thermomechanical pulp 
mills. The opportunity to determine in-stream occurrence of common tainting compounds prior to the 
startup of the Alberta-Pacific mill was exploited. The project involved chemical analyses including gas 
chromatography /  mass spectrometry (GC/MS), gas chromatography / flame ionization detection 
(GC/FID) and olfactory gas chromatography (OGC), as well as flavour profile panel analyses by both 
an experienced sensory panel and a newly trained sensory panel. These analyses were carried out on 
water and effluent samples collected at the time-of-travel of the Athabasca River and its tributaries in 
February and March of 1993.

1.2  BACKGROUND

Bleached kraft mill effluent has been reported to impair the taste and odour of drinking water at effluent 
concentrations ranging from 0.1 to 0.4% (Kovacs and Voss, 1986; Paasivirta et al., 1983; Wong, et 
al., 1985). Pulp mill effluent contributions to river water levels of phenols and trichlorophenol are also 
important because of the recent Swedish reports of bio-methylation of trichlorophenol to 2,4,6- 
trichloroanisole, an extremely potent source of musty odours in water and fish (Nystrom et al., 1992). 
A preliminary survey (Brownlee et al., 1992) of the Athabasca River from upstream of Hinton to 120 
km downstream of Ft. McMurray has found evidence of odour compounds arising immediately 
downstream of Hinton that persist as far downstream as Ft. McMurray.

Fish tainting by bleached kraft mill effluents has been reported in a variety of studies (Cook et al., 
1973; Farmer et al., 1972; Gordon et al., 1980, Government of Canada, 1991) with tainting observed 
at effluent concentrations as low as 0.5%. Unbleached kraft mill effluents have also been implicated in 
fish tainting episodes (Hall, personal communication, 1992). Chemi-thermomechanical pulp mill 
effluents have received little attention with regard to fish or water off-flavour tainting.

Given the potential contributions of off-flavour compounds from various industrial and natural sources 
and the relative contribution of effluents during low winter flow, there was a need to evaluate the 
occurrence and significance of off-flavour compounds in the northern river systems. In the case of the 
Athabasca River, it was particularly important to obtain baseline information on the presence of off- 
flavour compounds before the Alberta-Pacific pulp mill came on stream.

The initial phase of this study was to be undertaken in the winter of 1993 during the months of 
February and March. During this sampling period the Athabasca River and the tributaries sampled 
were ice-covered and were at low flows (see Table 1). Because many odorous compounds are 
problematic at ng/L concentrations and are often quite volatile, this sampling period was purposely 
chosen to allow collection of river water when dilution of effluents is usually lowest and odour 
compound persistence is greatest.

The Northern River Basins Study Board co-chair, Mr Bev Bums, has identified a need "to reconcile 
science with societal values and concerns". In the case of sensory evaluations, the different values 
held by the scientific community and the general population were recognized as significant. This study 
used two sensory evaluation panels; one made up of a cross-section of the general population with 
adequate sensory capabilities but limited formal training, and the other made up of people trained by 
the water treatment plant industry and experienced in scientific evaluations. Because the U of A panel 
was newly established it was considered prudent to have the samples evaluated by an established panel 
as well, to provide a cross check.
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2 .0  METHODS

The water and effluent samples were collected by Alberta Environment on behalf of the Northern River 
Basins Study. A total of 13 Athabasca River water samples were collected between the first sampling 
point at Highway 40 and the final sampling point at Lake Athabasca near Fort Chipewyan. Effluent 
samples were collected from Hinton (bleached kraft pulp mill and municipal combined), Alberta 
Newsprint, Millar Western, Whitecourt Waste Water Treatment Plant, Slave Lake Pulp, Athabasca 
Waste Water Treatment Plant, Fort McMurray Waste Water Treatment Plant, and Suncor. Raw and 
finished water samples were collected from the Fort McMurray Water Treatment Plant and finished 
water was collected from the Fort Chipewyan Water Treatment Plant. In addition, 5 samples were 
collected from tributaries that feed the Athabasca River. All water and effluent samples were collected 
at the time-of-travel of the Athabasca River at sampling sites shown in Figure 1 and on the sampling 
dates listed in Table 1.

All samples were collected without headspace or preservation and were cooled until delivery to the 
laboratory at the University of Alberta. All samples were delivered within 24 hours of collection. A 
8L water sample was collected at each sampling point and 2L effluent samples were collected and 
diluted 20:1 with de-ionized, odour-free water at the laboratory.

2 .1  FLAVOUR PROFILE ANALYSIS

Subsamples (4L) of each water and diluted effluent were filter sterilized using pressure filtration and a 
pre-combusted glass-fibre filter combined with a membrane filter (0.2|im Millipore GSWP), prior to 
distribution to both sensory evaluation panels. Samples were subjected to flavour profile analysis by 
the experienced sensory panel under the direction of Dr. Les Gammie, Director of Applied Water 
Treatment Research for the City of Edmonton Water Branch, as well as a newly trained panel 
established at the University of Alberta. The basics of the test method have been listed in a number of 
sources (ASTM, 1968; Bartels, et al., 1987; Krasner, 1988; Suffet, et al., 1988; Levi, et al., 1990) 
and these have been standardized in standard method #2170 (APHA-AWWA-WEF, 1992). The 
panels used in this study were generally run in accordance with this method .

Each panel consisted of three to eight panelists trained to examine the sensory characteristics of the 
water and diluted effluent samples. A lOOmL sample for each panel member was transferred to an 
odour-free 250mL Erlenmeyer flask with a ground glass stopper. The samples were brought to room 
temperature by heating in a 45°C water bath for 15 minutes. The heated sample was then gently 
swirled in a circular manner to ensure that volatile compounds were released into the headspace. The 
flask was brought to the nose, the stopper removed and the odour attributes were determined by 
sniffing at the flask opening. The odour attributes and intensities were recorded in the order perceived. 
The intensities were based on a multiple point scale (0=no odour, tr=trace or threshold, l=weak, 
2=moderate, 3=strong). Half units were also used by panelists to further distinguish intensities. The 
panelist met in a clean odour-free room and were not allowed to smoke, eat or drink for 30 minutes 
prior to the testing.

The panel established at the University of Alberta was selected by screening 12 potential panelists for 
anosmia using the scratch and sniff smell identification test produced by Sensonics Inc. (Haddon 
Heights, N.J.) Of the screened group, 8 suitable potential panelists were selected and further 
evaluated for their discrimination of the primary taste categories by means of testing solutions of 
sucrose (sweet), citric acid (sour), quinine (bitter) and NaCl (salty) together with distilled water. The 
final University of Alberta panel for any test session consisted of between 3 and 8 panelists.

2
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Table 1

TASTE AND ODOUR WATER SAMPLING SCHEDULE AND FLOW DATA
Athabasca River 1993

Time-of-travel
(days)

Sampling Site 
Date

Sample
Code

Flow
m3/s

1 Feb. 11 ENTRANCE (Double Set) ARHWY40 28.7a
1 11 Hinton Combined Effluent HCEEF 1.2a
1 11 OBED AROBED 29.9b
3 12 u/s BERLAND R. ARUSBERL 38.7b
3 12 Berland R. BERLAND 7.8a
5 16 WINDFALL ARWFALL 43.6a
6 17 McLeod R. MCLEOD 5.1a
6 17 Alberta Newsprint Effluent ANCEF 0.2a
6 17 Millar-Western Effluent MWEF 0.1a
6 17 Whitecourt STP Effluent WCSTPEF 0.04a
6 17 BLUE RIDGE ARBLUER 49.6b
12 23 u/s PEMBINA R. ARUSPEMB 44.6b
12 23 Pembina R. PEMBINA 1.6a
14 24 u/s SMITH @ HWY 2 ARUSSMTH 46.2b
14 24 Lesser Slave R. LESSERSL 13.0a
14 24 Slave Lake Pulp Effluent SLPEF 0.05a
18 26 ATHABASCA ARATHA 62.0a
18 26 Athabasca STP Effluent ATHSTPEF 0.01a
22 Mar.04 u/s LA BICHE R. ARUSLAB 63.8b
25 09 u/s GRAND RAPIDS ARUSGR 71.5b
26 09 d/s GRAND RAPIDS ARDSGR 73.3b
29 10 u/s FORT McMURRAY ARUSFMCM 65. l a
29 10 Fort McMurray Raw Water FMCMRAW -

29 10 Fort McMurray Finished Water FMCMFTN -

29 10 Fort McMurray STP Effluent FMCMSTP 0.2a
29 10 Clearwater R. CLEARWAT 41.7a
29 11 Suncor Effluent SUNCOREF 0.3a
32 16 u/s FIREBAG R. ARUSFRBG 132.0b

17 L. ATHABASCA OFF FORT CHIP LAKATHFC 138.6b
17 Fort Chip Finished Water FCHIPFIN

a Measured Flow as per Alberta Environment 
b Estimated Flow as per Alberta Environment

4



Because of the short lead time available for implementing this study, the University of Alberta panel 
experienced limited training, involving exposure to the target odour compounds, before facing the 
survey samples. In the case of the City of Edmonton panel, it had been operational for over 24 months 
and was very experienced in judging odours commonly found in the river systems. The panels were 
presented with all samples coded by simple numbers that precluded identification of sample source. 
Hence the sensory reactions obtained were free of any expectations beyond the general knowledge that 
the survey was directed towards the determining odours in the Athabasca River system. Once, the 
septic /  pulp and paper character of the Hinton combined effluent and downstream Athabasca River 
samples was detected and recognized by the panelists, this descriptor was applied to other downstream 
samples when panelists recognized the same character.

2 .2  CLOSED-LOOP STRIPPING - GC / MS ANALYSIS

One litre subsamples of each sample collected were analyzed, in quadruplicate, as received. All 
effluent samples were diluted 20:1 with odour-free water prior to extraction. A known mass of 
chlorodecane was added to each 1L sample, as a recovery standard, prior to close-loop stripping 
analysis (CLSA). The samples were closed loop stripped onto 1.5 mg carbon filters for 2 hours 
(water bath temperature at 30°C and filter temperature at 50°C) using a Brechbiihler AG closed loop 
stripping apparatus. The filters were then removed and extracted twice with 10 pL and once with 5 pL 
of carbon disulfide : acetone (9:1). A known mass of biphenyl-dlO was added to the extract as an 
injection standard. A 2 pL sample was analyzed by GC-MS using injection in the splitless mode and 
lOpL of doubly distilled isooctane was added prior to subsequent analyses by OGC and GC/FID. The 
GC-MS analysis was carried out in the selected ion monitoring (SIM) mode on an HP 5890 GC with 
an HP 5970 mass-selective detector and an HP 59940 Chemstation® data system. The GC-MS 
conditions were: 80°C to 180°C at 4°C/min and then 10°C/min to 280°C; DB-1301 column, 30m x 
0.25mm ID, 0.25 pm  film thickness; column head pressure 100 kPa; injector temp 250°C; detector 
temp 300° C. Peaks of three characteristic ions for each target compound and internal standard were 
monitored and the presence of a compound in an extract was confirmed if the peaks of the three ions all 
maximized at the same retention time and had standard intensity ratios within 20% of those of the 
calibration standards. Characteristic ions, their typical relative intensities and their retention times are 
shown in Table 2. Target compounds were chosen on the basis of known odour compounds. Many 
of the odour compounds in bleached kraft mill effluent were, and still remain, unidentified. This is 
recognized as a definite weakness in this field of study, but resolution of this problem was certainly 
beyond the scope and budget of this project.

The quantitation of each compound was based on the peak areas of specific quantitation ions. The 
internal standard 1-chlorodecane was used to calculate a response factor for each target compound 
from CLSA of a series of concentrations of calibration standard mixtures. The response factors are 
listed in Table 3. This method of quantitation results in reporting a final value which has been adjusted 
for recovery and therefore represents the quantity in the water sample. The biphenyl-dlO standard was 
used to calculate the recovery of 1-chlorodecane in each CLSA extraction. The detection limits for the 
CLSA extraction combined with GC/MS analysis for the target compounds are also listed in Table 3. 
The CLSA-GC/MS detection limits are affected by stripping efficiencies and the condition of the 
GC/MS. The detection limit for 2-methylisobomeol is noticeably higher than the limits for other target 
compounds. The loss in sensitivity was found to be related to limitations in the stripping efficiency of 
MIB for the standardized filters that were used. Method blanks, filter blanks and controls with known 
standard concentrations were also extracted using the CLSA and analyzed using GC/MS during the 
course of the project.
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Table 2:
GC/MS DATA FOR TARGET ODOUR COMPOUNDS AND INTERNAL

STANDARDS

Compound

Retention
Time
(min)

Quantification
Mass
(amu)
intensities)

Characteristic 
Ions (with 
relative

1-chlorodecane 9.5 91 43(100), 91(87), 
93(27)

biphenyl-dlO 13.2 164 164(100), 162(38), 
160(23)

2-isopropyl-3-methoxy pyrazine 5.3 137 137(100), 152(28), 
24(24)

2-isobutyl-3-methoxy pyrazine 7.2 124 124(100), 95(27), 
151(19)

2-methylisobomeol 7.9 95 95(100), 135(9), 
168(3)

2,4,6-trichloroanisole 11.6 195 195(100), 212(88), 
210(85)

2,3,6-trichloroanisole 13.1 210 210(100), 212(99), 
195(43)

geosmin 14.0 112 112(100), 125(15), 
182(4)

3,4,5-trichloroveratrole 21.6 240 240(100), 242(97), 
225(92)
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Table 3:
GC/MS RESPONSE FACTORS FOR TARGET ODOUR COMPOUNDS RELATIVE

TO INTERNAL STANDARDS

*Recovery Factor **Response Factor Detection 
Relative to Relative to Limit

Compound____________________1-chlorodecane______ Biphenyl-dlO_____ (ng/L)

1-chlorodecane - 0.293 -

2-isopropyl-3-methoxy pyrazine 0.190 0.600 0.9

2-isobutyl-3-methoxy pyrazine 0.530 0.425 1.0

2-methylisobomeol 0.080 0.357 10

2,4,6-trichloroanisole 2.12 0.196 0.10

2,3,6-trichloroanisole 1.92 0.150 1.0

geosmin 0.900 0.352 0.24

3,4,5-trichloroveratrole 0.340 0.106 1.2

* based on 24 CLS A standard extractions 
** based on 12 GC/MS injections
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2 .3  OLFACTORY GAS CHROMATOGRAPHIC ANALYSIS

The CLSA extracts were also analyzed by olfactory gas chromatography (OGC) using a Hewlett 
Packard 5890 Gas Chromatograph where the GC conditions were: 80°C to 280°C at 4°C/min; DB- 
1301 column, 30m x 0.32mm ID, 0.25 |im  film thickness; column head pressure 70 kPa; injector temp 
250°C. For OGC, the column was raised through a heated transfer unit from the GC oven to a glass 
detection cone (Olfactory detection outlet kit, SGE International). Air drawn by a venturi from the GC 
oven is used to heat the transfer zone and the glass cone is purged with air that has been humidified by 
passing it through a reservoir containing Milli-Q water. After a 2|lL sample was injected and the 
solvent peak had eluted, the effluent was continually monitored by time. Elution time, intensity and 
odour descriptor were recorded. A six point intensity scale was used (*=very weak, to ******=very 
strong). Control samples of known standard concentrations were used to help establish consistency of 
descriptors and intensity values. Method blanks and filter blanks were also checked using the OGC 
analytical method. The CLSA extracts were also analyzed using the GC and column described above, 
but with the column connected to a flame ionization detector (FID) at a detector temperature of 280°C.

3 .0  RESULTS and DISCUSSION

3.1  CLOSED-LOOP STRIPPING - GC / MS

The results of the analyses of the CLSA extracts and the corresponding chlorodecane recoveries are 
shown in Table 4. All CLSA extractions were carried out in quadruplicate because of the inherent 
variability of stripping efficiencies of some compounds. The recovery of the chlorodecane in each 
extraction can be used as an indicator of overall recoveries and also highlights the extracts which are 
questionable. Any extracts with chlorodecane recoveries less than 10% were not reported. It must be 
emphasized that these results were obtained using GC/MS in selected ion monitoring mode in order to 
increases sensitivity. By doing so the analysis is limited to monitoring for chosen target compounds. 
However, many of the odour compounds in bleached kraft mill effluent were, and still remain, 
unidentified. This is recognized as a definite weakness in this field of study, but resolution of this 
problem was certainly beyond the scope and budget of this project.

The CLSA analytical results demonstrate a number of basic trends. The mainstem Athabasca River 
sample upstream of Hinton (ARHWY40) did not contain detectable levels of any of the target odour 
compounds. Downstream of Hinton after the combined effluent (bleached kraft pulp mill and 
municipal) there was consistent detection of 3,4,5-TCV in mainstem samples (including Fort 
McMurray raw and finished waters) all the way to the Firebag River (Figure 2). Geosmin and 2,4,6- 
TCA were also detected in most mainstem samples downstream of Hinton (including Fort McMurray 
raw and finished waters). The tributary samples (Berland, McLeod, Pembina, Lesser Slave, 
Clearwater) generally contained fewer odor compounds than the Athabasca River mainstem samples 
and in most of the tributaries only geosmin was detected (Figure 3). The diluted effluent samples 
contained low or non detectable levels of most of the target odour compounds.

Non-target, total ion chromatographs (TIC) were also obtained for each CLSA extract. A TIC of the 
target compounds is shown for comparative purposes in Figure 4. TICs for selected samples 
(ARHWY40, AROBED and ARUSFRBG) indicate that significantly higher levels of the non-target 
compounds are seen immediately downstream of Hinton (Figure 6) as compared to the levels found 
upstream (Figure 5). The levels of non-target compounds had diminished again by the time of the 
sample collection upstream of the Firebag River (Figure 7). The same trends are apparent in the FID 
chromatographs shown in Figure 8. Some of the non-target compounds were easily identifiable from 
computer aided mass spectral searches. Those with match probabilities greater that 90% are labeled in 
figures 5 to 7. Mass spectral interpretation from first principles for the remaining peaks was beyond 
the scope of the project.
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Table 4:
CLOSED LOOP STRIPPING GC/MS RESULTS

Sample ID IPMP IBMP MIB 246TCA 236TCA Geosmin 345TCV Chlorodecane
ng/L ng/L ng/L ng/L ng/L ng/L ng/L Recovered

ARHWY401 ND ND ND ND ND ND ND 27.5%
ARHWY403 ND ND ND ND ND ND ND 56.5%
ARHWY404 ND ND ND ND ND ND ND 57.0%
HCEEF2* ND ND ND 0.3 ND ND 1.3 25.7%
HCEEF4* 1.1 ND ND 0.1 ND ND 1.4 45.3%
AROBED1 3.8 ND ND 0.3 ND 0.2 4.9 74.0%
AROBED2 1.3 ND ND 0.8 ND ND 3.5 41.5%
AROBED4 3.8 ND ND 1.2 ND ND 3.7 49.6%
ARUSBERL1 ND ND ND 2.0 ND 1.0 15.8 19.5%
ARUSBERL2 1.7 ND ND 1.4 ND 0.6 21.0 45.7%
ARUSBERL3 ND ND ND 2.2 ND 1.0 21.7 56.2%
ARUSBERL4 2.5 ND ND 1.6 ND 1.1 22.6 47.1%
BERLANDlf ND ND ND ND ND 0.3 ND 31.8%
BERLAND2t ND ND ND ND ND ND ND 52.1%
BERLAND3I ND ND ND ND ND 0.4 ND 43.2%
BERLAND4f ND ND ND ND ND ND ND 40.2%
ARWFALL1 ND ND ND 3.1 ND 1.6 54.6 39.8%
ARWFALL2 4.2 ND ND 3.4 ND 2.0 49.5 18.6%
ARWFALL3 ND ND ND 7.0 ND 3.9 54.3 27.0%
ARWFALL4 ND ND ND 7.6 ND 3.0 39.4 15.0%
MCLEODlf ND ND ND ND ND 1.5 ND 40.2%
MCLEOD2f ND ND ND ND ND 1.5 ND 31.4%
MCLEOD3t 1.3 ND ND 0.3 ND 1.7 ND 31.5%
MCLEOD4t ND ND ND 0.4 ND 1.9 ND 29.7%
ANCEF2* ND ND ND ND ND 1.3 2.0 34.2%
ANCEF4* ND ND ND ND ND 1.7 2.1 42.8%
MWEF1* ND ND ND ND ND 5.5 ND 36.9%
MWEF3* ND ND ND ND ND 5.7 5.0 36.7%
WCSTPEF2* ND ND ND ND ND 2.0 ND 40.5%
WCSTPEF4* ND ND ND ND ND 2.2 ND 34.6%
ARBLUER1 0.9 ND ND 3.5 ND 2.0 37.3 43.2%
ARBLUER2 ND ND ND 2.4 ND 2.1 25.9 27.3%
ARBLUER3 0.9 ND ND 3.6 ND 2.3 44.5 41.2%
ARBLUER4 2.5 ND ND 2.0 ND 2.1 24.9 51.2%

* Effluent sample diluted 20:1 (actual concentrations are 20 times greater) 
t  Tributary sample

continued...
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Sample ID IPMP IBMP MIB 246TCA 236TCA Geosmin 345TCV Chlorodecane
ng/L ng/L ng/L ng/L ng/L ng/L ng/L Recovered

ARUSPEMB1 ND ND ND 3.0 ND 4.8 17.0 36.4%
ARUSPEMB2 2.6 ND ND 3.5 ND ND 26.8 35.4%
ARUSPEMB3 1.9 ND ND 4.0 ND 1.4 29.5 39.5%
ARUSPEMB4 2.5 ND ND 3.7 ND 2.3 33.2 44.4%
PEMBINA I t ND ND ND ND ND 3.0 ND 29.8%
PEMBINA2t ND ND ND ND ND 3.4 ND 33.5%
PEMBINA3t ND ND ND ND ND 2.6 ND 41.2%
PEMBINA4t ND ND ND ND ND ND ND 47.1%
ARUSSMTH1 2.0 ND ND 4.9 ND 1.5 20.2 32.1%
ARUSSMTH2 2.2 ND ND 4.7 ND 2.3 28.4 47.1%
ARUSSMTH3 2.0 ND ND 5.2 ND 1.8 18.0 18.4%
ARUSSMTH4 1.4 ND ND 3.9 ND 2.9 35.2 54.5%
LESSERSLlt ND ND ND ND ND 1.6 ND 46.8%
LESSERSL2I ND ND ND ND ND 4.0 ND 28.1%
LESSERSL3I ND ND ND ND ND 2.5 ND 39.2%
LESSERSL4f ND ND ND ND ND 4.3 ND 32.7%
SLPEF2* ND ND ND ND ND 5.6 ND 23.7%
SLPEF4* ND ND ND ND ND 5.4 ND 33.8%
ARATHA1 1.6 ND ND 5.2 ND 1.3 19.3 38.4%
ARATHA2 1.3 ND ND 6.3 ND 2.4 31.4 38.0%
ARATHA3 1.2 ND ND 5.6 ND 1.7 24.5 38.7%
ARATHA4 1.2 ND ND 6.7 ND 3.0 34.3 15.9%
ATHSTPEF2* ND ND ND ND ND ND ND 39.1%
ATHSTPEF4* ND ND ND ND ND ND ND 27.7%
ARUSLAB1 ND ND ND 6.7 ND 1.9 26.4 33.7%
ARUSLAB2 ND ND ND 6.3 ND 2.4 24.9 38.1%
ARUSLAB3 ND ND ND 7.4 ND 1.9 22.8 34.6%
ARUSLAB4 ND ND ND 7.1 ND 2.6 20.5 37.3%
ARUSGR1 ND ND ND 9.7 ND 2.1 39.3 36.1%
ARUSGR2 ND ND ND 10.7 ND 2.5 29.8 31.1%
ARUSGR3 ND ND ND 11.0 ND 2.2 38.4 33.8%
ARUSGR4 ND ND ND 10.5 ND 2.4 22.2 30.5%
ARDSGR1 ND ND ND 11.9 ND 2.0 28.9 28.8%
ARDSGR2 ND ND ND 10.4 ND 1.8 25.9 39.3%
ARDSGR4 ND ND ND 9.1 ND 2.2 24.7 30.6%
ARUSFMCM1 ND ND ND 9.2 ND 1.2 25.2 28.0%
ARUSFMCM2 ND ND ND 11.9 ND 2.2 21.9 36.4%
ARUSFMCM3 ND ND ND 13.9 ND 1.7 26.2 26.9%
ARUSFMCM4 ND ND ND 17.3 ND 3.3 30.4 24.4%

* Effluent sample diluted 20:1 (actual concentrations are 20 times greater) 
t  Tributary sample

continued...

10



Table 4. Concluded.

Sample ID IPMP IBMP MIB 246TCA 236TCA Geosmin 345TCV Chlorodecane
ng/L ng/L ng/L ng/L ng/L ng/L ng/L Recovered

FMCMRAW1 ND ND ND 9.3 ND 0.6 13.3 42.3%
FMCMRAW2 ND ND ND 11.4 ND 1.6 18.5 37.9%
FMCMRAW3 ND ND ND 10.2 ND 0.9 11.2 35.5%
FMCMRAW4 ND ND ND 18.7 ND 2.7 23.1 19.9%
FMCMFIN1$ ND ND ND 14.2 ND 1.7 18.8 28.0%
FM CMFIN2| ND ND ND 11.1 ND 2.1 18.5 31.8%
FMCMFIN3$ ND ND ND 11.7 ND ND 12.4 29.2%
FMCMFTN4± ND ND ND 9.9 ND ND 11.6 40.5%
FMCMSTP2* ND ND ND ND ND ND ND 27.4%
FMCMSTP4* ND ND ND ND ND ND ND 33.3%
CLEARWAT3I ND ND ND ND ND 5.1 ND 20.8%
CLEARWAT4f ND ND ND ND ND 4.4 ND 25.9%
SUNCOREF2* ND ND ND ND ND ND ND 38.7%
SUNCOREF4* ND ND ND ND ND ND ND 42.3%
ARUSFBG1 ND ND ND 4.8 ND 1.3 7.2 45.3%
ARUSFBG2 ND ND ND ND ND ND ND 11.1%
ARUSFBG3 ND ND ND 5.4 ND 2.0 6.4 40.8%
LAKATHFC1 ND ND ND ND ND ND ND 31.6%
LAKATHFC2 ND ND ND ND ND ND ND 39.8%
LAKATHFC3 ND ND ND ND ND ND ND 25.1%
LAKATHFC4 ND ND ND ND ND ND ND 41.7%
FCHIPFINU ND ND ND ND ND 3.3 ND 29.3%
FCHIPFIN2I ND ND ND ND ND ND ND 44.4%
FCHIPFIN3^ ND ND ND ND ND 1.3 ND 24.2%
FCHIPFIN4$ ND ND ND ND ND ND ND 39.2%

* Effluent sample diluted 20:1 (actual concentrations are 20 times greater) 
t  Tributary sample 
$ Treated drinking water sample
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IPMP (OTC 2 ng/L) 

246TCA (OTC 2-5 ng/L)

geosmin (OTC 10-20 ng/L)

345TCV (OTC 200 ng/L)

Figure 2. CLSA/GC/MS RESULTS FOR ATHABASCA RIVER TIME-OF-TRAVEL SAMPLES
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Figure 3. CLSA/GC/MS RESULTS FOR TRIBUTARY SAMPLES
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ARUSFRBG

Figure 8. FID CHROMATOGRAMS OF ARUSFRBG, AROBED, AND ARHWY40
CLSA EXTRACTS WITH H D  CHROMATOGRAPH OF STANDARDS FOR 
COMPARATIVE PURPOSES.
( ’ f  '  marks odour peaks detected by OGC)
("  ^  " marks target odour compound detected by OGC)
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3 .2  OLFACTORY GAS CHROMATOGRAPHY

Results of the OGC analyses are summarized in Table 5. Samples were run by two analysts and there 
is general agreement between the two, however one analyst showed greater sensitivity toward the 
pyrazines, IPMP and IBMP, and the other analyst showed greater sensitivity toward the musty cork 
odours such as 2,4,6-TCA. As well, each analyst experienced some day-to-day variation in sensitivity 
over the six-week period when samples were analyzed. The odour peaks detected by OGC are also 
marked by the large arrows underneath each FID sample chromatogram shown in Figures 6 and 7. 
These markers demonstrate that not all odour peaks detected by OGC are detected using an 
instrumental flame ionization detector, verifying the greater sensitivity of the human nose.

Results obtained for OGC of CLS A blanks indicate that there may be some carry-over of IPMP, IBMP 
and 2,4,6-TCA after running standard calibration solutions. Adequate purging and washing of the 
CLSA apparatus between samples is essential.

Mainstem Athabasca samples, including the site upstream from Hinton at Highway 40, showed 
moderate to strong levels of 2,4,6-TCA all the way to the Firebag River. The two unidentified musty 
cork odour peaks at 19.3 and 22.4 retention times showed up quite consistently at weak to moderate 
intensities. 3,4,5-TCV showed up occasionally at trace to weak intensities. The SULF and CRDOIL 
odour peaks were strongest in the upper reaches and diminished to non detectable levels by Fort 
McMurray. These or similar peaks also appeared in some of the effluent and tributary samples. 
Geosmin occurred quite consistently at trace to moderate levels. There were a variety of miscellaneous 
odour peaks at trace to weak intensity in the mainstem samples. These are not reported nor discussed 
at present because they occurred at low frequency and showed no consistent pattern. Tributary 
samples (Berland, McLeod, Pembina, Lesser Slave, Clearwater) had fewer odour peaks than 
mainstem samples and intensities of reported peaks were generally lower than mainstem samples.

The predominant odours in the Hinton Combined Effluent (bleached kraft pulp mill and municipal) 
were the pyrazine (IPMP and IBMP), sulfurous and musty cork odours. One analyst also detected 
woody, sewage and spicy odours. Geosmin was not detected by either analyst. The Chemi- 
thermomechanical pulp (CTMP) mill effluents (MWEF and SLPEF) were generally low in odour. 
Distinctive odours were woody, cardboard and sulfurous. The municipal waste water treatment plant 
effluents (WCSTPEF, ATHSTPEF, and FMCMSTP) were also low in the odour peaks we have 
reported here, but had a variety of distinctive odour peaks not found in the other samples such as 
waxy, flowery, soapy, woolly, spicy and cucumber. The odour profiles for river, raw and finished 
water samples at Fort McMurray were all similar, but the agreement between analysts was poor for 
these samples. Lake Athabasca and Fort Chipewyan finished water samples had very few odour peaks 
and intensities were low for peaks observed.

3 .3  FLAVOUR PROFILE ANALYSES

The two flavour profile panels for this project worked completely independently of one another. The 
results for the experienced panel (E.L. Smith) are presented in Table 6 and those of the newly trained 
panel (U. of A.) are presented in Table 7. The experienced panel generally used a higher range of 
intensities for all samples than those assigned by the inexperienced panel. These differences likely 
reflect the wider range of samples that the experienced panel has tested, providing them with greater 
confidence in assigning maximum ratings (3). Although the main objective of this study was to 
evaluate spatial variability of odour characteristics of the Athabasca River, a secondary concern was the 
subjective nature of sensory evaluations. Combining the results of a trained panel with those of a less 
experienced panel made up of members of the general population allowed for a qualitative evaluation of
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Table 5: OLFACTORY GAS CHROMATOGRAPHY
RESULTS

Site Odour Descriptor and Retention Time (minutes)
IPMP

6.6
IBMP SULF 

8.8 10.3
CRDOIL 246TCA Geosmin MCX 

11.9 13.4 16.0 19.3
MCY
22.4

345TCV
23.9

ARHWY40 ■

□
■
C O o

■ ■

HCEEF#
□coo C O □ □ □ □ □ Q G G G

■
oo(?)

AROBED
oooo C O coo

■ ■

Q C O

HI U ----- i----

ARUSBERL ■ ■ ■ ■ ■ ■ ■ ■ ■ ■

C O C O □oo

BERLANDt ■
C O □

i ■

ARWFALL Urn ■ ■ ■ ■ ■ ■ ■

□ □ o ocooo o

MCLEODt ■

a □ C O o
---- 1----

ANCEF#
□

■
o

MWEF#
□  (?)

i

o
■
□ a

WCSTPEF#

iPMP - isoDronvlmethc

C O

•xvDvrazine

■

□ □ C O

■ ■ ■

IBMP - isobutylmethoxypyrazine
SULF at 10.33 minutes is a sulfury/septic odour
CRDOIL at 11.92 minutes is a sulfiiry/mercaptan/crude oil odour
246TCA - 2,4,6-trichloroanisole
MCX at 19.33 minutes is an unidentified musty cork odour 
MCY at 22.42 minutes is an unidentified musty cork odour 
345TCV - 3,4,5-trichloroveratrole

t  Tributary sample 
t Water Supply sample

Intensities are on a six-point scale from ■  (very weak) to ■ ■ ■ ■ ■  
and are intensities recorded by the two panelists 

(?) after an intensity indicates odour descriptor did not match well

I (very strong)

continued...
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Site Odour Descriptor and Retention Time (minutes)
IPMP IBMP SULF CRDOIL 246TCA Geosmin MCX MCY 345TCV

6.6 8.8 10.3 11.9 13.4 16.0 19.3 22.4 23.9
ARBLUER ■■■ ■ ■■■■ mmm ■ ■

□ □ coco □ CO

ARUSPEMB ■ ■■■■ ■ ■■ ■ ■
□QQQ CO coco

PEMBINAf ■■ mm ■■ ■ ■■
coo □ CO

ARUSSMTH ma ■ H M ■ mm ■

□XI CO CO CO

LESSERSLf ■ I ■■ ■ ■
□ □ □ □

SLPEF# ■■ ■ ■■
□□□ □ CO

ARATHA ■■■ u  (?) ■ ■■■■■ ■■ B ■
□CO (?) □ □

ATHSTPEF# ■■■■ ■■ ■ ■
□ □ □

ARUSLAB ■■■ ■ ■■■■ ■■■ ■■ ■ ------i-----
□ a □ □

ARUSGR ■■■ 4 ■■■■ ■■ ■■
□ □ □

ARDSGR ■■ ■ ■■■■■ ■■■ ■■■ ■ I
□ □ □ □ □ □

EBMP - isobutylmethoxypyrazine
SULF at 10.33 minutes is a sulfury/septic odour
CRDODL at 11.92 minutes is a sulfury/mercaptan/crude oil odour
246TCA - 2,4,6-trichloroanisole
MCX at 19.33 minutes is an unidentified musty cork odour 
MCY at 22.42 minutes is an unidentified musty cork odour 
345TCV - 3,4,5-trichloroveratrole

t Tributary sample 
$ Water Supply sample

Intensities are on a six-point scale from ■  (very weak) to M i l
"I"  and "Q” are intensities recorded by the two panelists
(?) after an intensity indicates odour descriptor did not match well

(very strong)

continued...



Table 5. Concluded.

Site Odour Descriptor and Retention Time (minutes)
IPMP

6.6
IBMP

8.8
SULF CRDOIL 246TCA Geosmin 
10.3 11.9 13.4 16.0

MCX
19.3

MCY
22.4

345TCV
23.9

ARUSFMCM
□

■■ m i ■ ■

FMCMRAWJ
□

■ ■■ ■

FMCMFTNf
CD □ □

■ ■

FMCMSTP#
CD □

■■ a

CLEARWATt
Q

■ HI
□

■ ■

SUNCOREF# mu
CD

■■
CD □ CD

■

ARUSFRBG
□OOQQ nm nn CDCD

u
coo

■

LAKATHFC ■a
CD

■
□

FCHIPFIN* ■■
□

■
COO

Tm r - isopropylmethoxypyrazine # Effluent sample
IBMP - isobutylmethoxypyrazine t Tributary sample
SULF at 10.33 minutes is a sulfury/septic odour i  Water Supply sample
CRDOIL at 11.92 minutes is a sulfury/mercaptan/crude oil odour
246TCA - 2,4,6-trichloroanisole
MCX at 19.33 minutes is an unidentified musty cork odour 
MCY at 22.42 minutes is an unidentified musty cork odour 
345TCV - 3,4,5-trichloroveratrole

Intensities are on a six-point scale from ■  (very weak) to ■ ■ ■ ■ ■ ■  (very strong)
"H" and are intensities recorded by the two panelists
(?) after an intensity indicates odour descriptor did not match well
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Table 6. E.L. SMITH FLAVOUR PROFILE PANEL RESULTS

Sample
Site

Panelist 1 
Descriptor Intensity

Panelist 2 
Descriptor Intensity

Panelist 3 
Descriptor Intensity

ARHWY40 chemical 0.50 musty 0.50 woody musty 0.50
HCEEF muni ww decay 3.00 rancid fish 3.00 rancid oil 2.50
AROBED decay 3.00 rancid fish 3.00 rancid oily 2.50
ARUSBERL muni ww 2.50 rancid fish 3.00 sulphur oily 3.00
BERLAND chemical 0.50 musty 0.50 trace 0.25
ARWFALL resin rotting septic 3.00 decay veg septic 3.00 decay potato bin 3.00
MCLEOD light chemical 0.50 sweet 0.50 wood shavings 0.50
ANCEF musty ascorbic 0.50 sweet ascorbic 0.50 moldy ascorbic 0.50
MWEF geosmin earthy 0.50 musty earthy 1.00 geosmin 1.00
WCSTPEF pepper spicy 0.75 sour 0.50 chemical spicy 0.50
ARBLUER resin rotting septic 3.00 decay veg septic 3.00 decay potato bin 2.50
ARUSPEMB rotting 2.00 - -
PEMBINA musty moldy 1.00 - -
ARUSSMTH resin swampy 1.00 - -
LESSERSL musty 0.50 - -
SLPEF chemical organic 1.00 - -
ARATHA resin woody 2.50 - -
ATHSTPEF rotting pepper 1.50 - -

ARUSLAB rotting sewage 2.50 decay 1.50 -

ARUSGR org decay sewage 2.00 decay 1.50 -

ARDSGR org decay sewage 2.50 decay 1.50 -
ARUSFMCM** dichloromethane 3.00 sweet org solvent 3.00 -
FMCMRAW org decay sewage 2.00 decay 1.50 -
FMCMFIN sweet org chem 2.00 plast chemical 1.00 -
FMCMSTP rotting 1.00 sewage 1.50 -
CLEARWAT glue plastic 0.75 trace 0.25 -

SUNCOREF heavy hydro oil 3.00 decay burnt wood 2.00 -
ARUSFRBG woody musty 0.50 chemical pesticide 1.50 moldy musty 1.00
LAKATHFC musty 0.50 trace 0.25 trace 0.25
FCHIPFIN chlorine 1.00 chlorine 1.50 chlorine 1.50
chem - chemical 
veg - vegetation 
plast - plastic 
org - organic
muni ww - municipal wastewater 
hydro - hydrocarbon
** - contaminated sample container continued...
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Table 6. Concluded.

Sample
Site

Panelist 4 
Descriptor Intensity

Panelist 5 
Descriptor Intensity M E A N

Standard
Deviation

ARHWY40 woody geranium 1.00 woody 1.00 0.70 {0.27}
HCEEF woody rancid 1.50 woody rancid 3.00 2.60 {0.65}
AROBED litter box rancid 3.00 woody rancid 2.00 2.70 {0.44}
ARUSBERL geraniums 2.50 woody rancid 2.50 2.70 {0.27}
BERLAND woody 1.00 woody 1.00 0.65 {0.33}
ARWFALL fishy 3.00 sweet plastic 2.50 2.90 {0.22}
MCLEOD wood shavings 1.50 sweet plastic 0.75 0.75 {0.43}
ANCEF trace 0.25 flowery sweet 0.75 0.50 {0.18}
MWEF trace 0.25 trace 0.25 0.60 {0.38}
WCSTPEF trace 0.25 pepper 1.00 0.60 {0.29}
ARBLUER fishy woody 3.00 sweet plastic 1.50 2.60 {0.65}
ARUSPEMB musty peat fragrant 2.50 plastic weedy 2.50 2.33 {0.29}
PEMBINA musty 0.50 plastic 1.00 0.83 {0.29}
ARUSSMTH fishy musty 0.50 burnt weedy 1.00 0.83 {0.29}
LESSERSL trace 0.25 plastic weedy 2.00 0.92 {0.95}
SLPEF musty oily 3.00 rubber plastic 1.00 1.67 {1.15}
ARATHA sweet clover peat 1.50 damp musty 1.00 1.67 {0.76}
ATHSTPEF decay musty 1.00 damp musty 0.75 1.08 {0.38}
ARUSLAB chemical decay 1.50 musty plastic 1.00 1.63 {0.63}
ARUSGR sweet chem decay 2.00 musty plastic 1.00 1.63 {0.48}
ARDSGR sweet chem decay 2.00 musty plastic 1.00 1.75 {0.65}
ARUSFMCM** chem acetone 2.00 medicinal 3.00 2.75 {0.50}
FMCMRAW musty decay 2.00 musty vegetation 1.00 1.63 {0.48}
FMCMFIN sweet chem 1.50 musty plastic 0.75 1.31 {0.55}
FMCMSTP musty decay 0.50 musty veg 1.00 1.00 {0.41}
CLEARWAT trace 0.25 trace 0.25 0.38 {0.25}
SUNCOREF sweet chem decay 2.00 moldy vegetation 3.00 2.50 {0.58}
ARUSFRBG woody 1.00 sweet bam like 2.00 1.20 {0.57}
LAKATHFC rancid fishy 0.50 - 0.00 0.30 {0.21}
FCHIPFIN chlorine 1.50 sweet 0.50 1.20 {0.45}
chem - chemical 
veg - vegetation 
plast - plastic 
org - organic
muni w w  - municipal wastewater
hydro - hydrocarbon
** - contaminated sample container
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Table 7. UNIVERSITY OF ALBERTA FLAVOUR PROFILE
PANEL RESULTS

Sample
Site

Panelist 1 
Descriptor Intensity

Panelist 2 
Descriptor Intensity

Panelist 3 
Descriptor Intensity

ARHWY40 fruity 1 grassy 0.5 slight camphor 0.5
HCEEF swampy 2 p&p/sewage 2 earthy/damp soil 1
AROBED fruity 1 hydro/sewage 1 earthy/potato 1
ARUSBERL swampy 1 p&p/chlor 1 must/mold 1
BERLAND almost nothing 0.25 odorless 0 odorless 0
ARWFALL earthy 1 septic/sulphur 0.5 - -
MCLEOD almost odorless 0.25 earthy t - -
ANCEF fragrant 0.75 earthy t - -
MWEF ? 0.5 earthy 0.5 - -
WCSTPEF weak t odorless 0 - -
ARBLUER earthy 2 septic/swampy 1.5 - -
ARUSPEMB marshy/swampy 2 swampy (p&p) 2 earthy/musty 1
PEMBINA marshy/ swampy 2 earthy/grassy 0.5 menthol 0.5
ARUSSMTH marshy/swampy 1 swampy/p&p 1.5 - -
LESSERSL faint chlor 1 earthy/chalk/grass t - -
SLPEF chem/ medicinal 0.5 grassy/ woody 0.5 - -
ARATHA - - - - - -

ATHSTPEF - - - - - -
ARUSLAB - - - - musty 2
ARUSGR septic 1.5 swampy/p&p 2.5 musty, p&p 1.5
ARDSGR septic 0.75 swampy/p&p 2 p&p/slight chlor 1.5
ARUSFMCM swampy 1.75 earthy camphor 2 p&p/camphor 1.5
FMCMRAW woody 2 earthy/grassy p&p 1.5 musty/camphor 2
FMCMFIN chem 0.5 grassy/ chlor 0.5 musty/ chlor 1
FMCMSTP almost odorless 0.25 earthy/sewage t citrus 0.75
CLEARWAT faint 0.25 grassy 0.5 odorless 0
SUNCOREF med/phenolic 2 musty root cellar 1.5 - -
ARUSFRBG marshy 1.25 earth/grass/swamp 1.25 - -
LAKATHFC musty/earthy 0.75 grassy, earthy 0.5 - -
FCHIPFIN chlor 2 chlor 2.5 - -
p&p - pulp & paper 
chem - chemical 
veg - vegetation 
org - organic 
hydro - hydrocarbon
med - medicinal continued...
chlor - chlorine

25



Sample
Site

Panelist 4 
Descriptor Intensity

Panelist 5 
Descriptor Intensity

Panelist 6 
Descriptor Intensity

A R H W Y 40 ? 0 .5 - - odorless 0
H CEEF P&P 3 - - woody/septic/musty 2 .5
AROBED sewage, rotten 1.75 - - woody 1.5
A R U SB E R L musty 1 - - septic/ p&p 1.5
B ER LA N D odorless 0 - - odorless 0
ARW FALL swampy/sewage 1.5 damp cellar/woody 1 woody/ sulphur 1.5
MCLEOD musty 0 .5 ?potato t odorless 0
A N C E F musty t dry dirt 0 .5 woody t
M W EF acidic?? 0 .5 turnip/ earthy 1.5 sharp musty t
W C STPEF odorless 0 odorless 0 odorless 0
A R B L U E R P&P 2 earthy/woody 1 woody/ sulphur 1.5
A R U SPEM B marshy/p&p 2 .5 woody/earthy 2 wood/sulphur/p&p 1.75
PEM B IN A grassy 0 .7 5 grassy t earthy/woody 0 .5
A R U SSM T H - - earthy 1 p&p/sulphur 1.5
L ESSER SL - - marshy 1 earthy/camphor 0 .5
SLPEF - - musty/chalky 2 woody/camphor 0 .5
ARA TH A - - - - p&p/sulphur 1.5
ATH STPEF - - - - sewage/fecal 1.5
A R U SL A B swampy/septic 1.5 - - septic/p&p 2
A R U SG R P&P 2 earthy/ p&p 2 sharp/woody 1.5
A R D SG R swampy/p&p 2 .5 earthy/p&p/chlor 1.5 p&p 0 .5
A R U SFM C M septic/p&p 2 grassy 1 P&P 1
FM CM RAW P&P 1 earthy/p&p 1.5 sharp/woody t
FM C M FIN chlor 1 chlor/ chem 1.5 benzaldehyde 1
FM CM STP musty/sharp 0 .5 septic/sewage 1.5 septic/sewage 0 .5
CLEARW AT veg/fragrant 1.5 fishy? t flowery t
SU N C O R E F - - gasoline/chem 1 grassy/hydro 1.5
A R U SF R B G - - earthy 2 woody/sulphur 0 .5
LAK ATH FC - - earthy 0 .5 woody/septic t
FC H IPFIN - - chlor (grassy?) 1.5 chlor/aldehyde 1.5
p&p - pulp &  paper 
chem - chemical 
veg - vegetation 
org - organic 
hydro - hydrocarbon 
med - medicinal 
chlor - chlorine continued...



Table 7. Concluded

Sample
Site

Panelist 7 
Descriptor Intensity

Panelist 8 
Descriptor Intensity M E A N

Standard
Deviation

ARHWY40 weak acid 0.5 odorless 0 0.43 {0.35}
HCEEF distinct sewage 3 sewage/swampy/p&p 1.5 2.1 {0.75}
AROBED weak sewage 1.5 p&p 2 1.39 {0.40}
ARUSBERL sewage natural gas 1 sewage/swampy 1 1.07 {0.19}
BERLAND ? hint chlor t ? t 0.06 {0.09}
ARWFALL - - p&p 1 1.08 {0.38}
MCLEOD - - odorless 0 0.16 {0.19}
ANCEF - - chalky (clay) 1 0.43 {0.40}
MWEF - - earthy 0.5 0.6 {0.47}
WCSTPEF - - flowery t 0.03 {0.05}
ARBLUER - - p&p 1.25 1.54 {0.40}
ARUSPEMB - - p&p 1.5 1.82 {0.47}
PEMBINA veg/grass? 0.5 earthy t 0.62 {0.60}
ARUSSMTH p&p/sewage 1 septic/p&p 0.5 1.08 {0.38}
LESSERSL dry grass 0.5 clay 0.5 0.6 {0.35}
SLPEF dry hay (musty) 0.5 woody 0.75 0.79 {0.60}
ARATHA septic 1 p&p 1 1.17 {0.29}
ATHSTPEF medicinal 0.5 muddy/septic 0.5 0.83 {0.58}
ARUSLAB septic/musty 1 - - 1.63 {0.48}
ARUSGR p&p 1 - - 1.71 {0.49}
ARDSGR p&p, septic 0.75 - - 1.36 {0.73}
ARUSFMCM p&p/septic 0.5 - - 1.39 {0.57}
FMCMRAW p&p/septic 2 - - 1.44 {0.70}
FMCMFIN musty/chlor 0.5 - - 0.86 {0.38}
FMCMSTP muddy/musty 0.5 - - 0.59 {0.45}
CLEARWAT grassy 0.5 - - 0.42 {0.51}
SUNCOREF veg/ grassy 2 - - 1.6 {0.42}
ARUSFRBG p&p 1 - - 1.2 {0.54}
LAKATHFC weak p&p 0.5 - - 0.47 {0.23}
FCHIPFIN strong chlor 3 - - 2.1 {0.65}
p&p - pulp & paper 
chem - chemical 
veg - vegetation 
org - organic 
hydro - hydrocarbon 
med - medicinal 
chlor - chlorine
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this subjectivity. The results are summarized in Figures 9 to 14, which show the average intensity 
ratings for each panel, along with the descriptors used. The results obtained by the University panel 
were significantly correlated to the average intensities obtained by the E.L. Smith panel (Figure 15, 
r=0.708, P=0.01, n=30). Although the University of Alberta panel was established as an indicator of 
the odours detected by the general population, the results demonstrate that even with limited training 
the new panel reported intensities similar to those of the water treatment industry panel.

Both panels were able to detect a strong increase in odour for Athabasca River samples downstream of 
Hinton, particularly for the Obed, upstream of Berland, Windfall, Blue Ridge and upstream of Smith 
samples. Furthermore panelists used descriptors similar to those used for the Hinton combined 
effluent and some panelists recognized these samples as reminiscent of pulp mill odour. There little 
indication of any reduced intensity of odour until the sample upstream of Smith. In this stretch the 
odours of the tributaries (Berland River, McLeod River, and Pembina River were minor and likely 
contributed little to the odour of the mainstem Athabasca River. The effluent samples from Alberta 
Newsprint, Millar Western and Whitecourt sewage treatment plant were only slightly more odorous 
than the tributaries and all were much less odorous than the Hinton combined effluent. For this reach 
of the Athabasca River to upstream of Smith, the flavour panel results indicate that the Hinton 
combined effluent is likely the dominant source of odour in the mainstem river.

The mainstem Athabasca River sample near Smith showed a substantial drop in odour intensity 
compared with the upstream samples, although the odour descriptors used remained consistent with a 
Hinton combined effluent source. Beyond this point, the Lesser Slave River was about as odorous as 
the Pembina River and was also not likely a major contributor to the mainstem Athabasca River odour. 
The Slave Lake Pulp effluent and the Athabasca sewage treatment plant effluents were somewhat more 
odorous than the upstream effluents (except for the Hinton combined effluent). The mainstem 
Athabasca River odour increased in intensity at Athabasca and maintained the higher intensity at sites 
upstream of the LaBiche River, upstream and downstream of Grand Rapids, upstream of Ft. 
McMurray and in Ft. McMurray raw water. For these samples, the University of Alberta panel often 
used descriptors implicating pulp and paper, while the City of Edmonton panel used more generic 
descriptors associated with decaying organic matter. Both panels found that odour in the Ft. 
McMurray water supply decreased substantially from raw to treated and descriptors that had been 
primarily associated with the Athabasca River samples downstream of Hinton were not used. These 
findings suggested that any odour contribution that upstream effluents may have made to odour of Ft. 
McMurray finished drinking water would not likely be recognized as being associated with pulp mill 
effluents.

Downstream of Ft. McMurray, the contributions from the Ft. McMurray sewage treatment plant and 
the Clearwater River to the mainstem Athabasca River odour were likely small. The Suncor effluent 
was recognized as very distinctive and relatively strong, but with the possible exception of a sulphur 
descriptor it is difficult to recognized any impact of the Suncor effluent on the Athabasca River sample 
upstream of the Firebag River. Several panelists described this sample as woody and one used pulp 
and paper as a descriptor, indicating the possibility of some pulp mill influence remaining apparent this 
far downstream on the Athabasca River. The Lake Athabasca sample received some descriptors that 
were consistent with those used on the upstream Athabasca River, but the intensity of perceived odour 
was as low as that for any sample obtained anywhere in the entire watershed and could be considered 
background. The treated water at Ft. Chipeweyan had a very strong chlorine odour that likely masked 
any other subtle odours that may have been present. Future samples should be split into two aliquots 
with one analyzed by FPA as is and one analyzed after being dechlorinated so that other odours can be 
detected

These findings are consistent with the work Kovacs and Voss (1986) wherein they found that 
biologically treated bleached kraft mill effluent could impair drinking water odour (as perceived by a 
flavour panel) at effluent dilutions in river water as high as 300 to 1000 fold. In the Athabasca River 
system during low winter flow much lower dilution levels were available to the Hinton combined
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effluent and the other less odourous effluent contributions to the Athabasca River. Apparently, the low 
temperatures and ice cover allow the odour to be transported long distances, as had been observed by 
field staff during earlier surveys (Brownlee et al. 1992). Except for the drop in odour observed for the 
Athabasca River upstream of Smith, the flavour panel results suggest that the Hinton combined 
effluent is currently the major influence upon odour in the Athabasca River, possibly as far 
downstream as the Firebag River, downstream of Ft. McMurray.
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4 .0  CONCLUSIONS

This study combined three different analytical methods commonly used in monitoring for the presence 
of odorous compounds in water supplies. Two flavour profile panels were used to characterize the 
odour of river samples, two trained analysts evaluated the samples using olfactory GC and all samples 
were quantitatively analyzed for the presence of target odour compounds using GC/MS. These three 
techniques all provide quite different information and all have certain limitations.

The flavour profile panel method is most appropriate when monitoring for the presence of compounds 
that will lead to public complaints. However it is not yet fully standardized, it relies on varying 
sensitivities to certain odours, and it does not easily allow for reporting the presence of specific 
compounds. Consistency and specificity of the flavour profile panel results requires rigorous training 
in the recognition of target compounds and assignment of appropriate intensities. The short lead time 
available for implementing this study precluded any intensive training of the University of Alberta 
odour panel, but this panel did provide a general indication of public reactions to odour contributions. 
In addition, the use of two panels allowed a comparison of FPA results to be documented and 
validated the new panel's capabilities for future studies.

The olfactory GC technique is useful when there are a number of odorous compounds present in a 
sample. The GC accomplishes the separation of each of the odour compounds and still allows for 
olfactory detection. The sensitivity of this method is limited by the dilution of odours by the inert 
carrier gas as well as the small volumes of sample that can be injected for capillary gas 
chromatography. The extraction of the samples using CLS A offers a ten thousand fold concentration 
of the sample so that these sensitivity problems are partially offset.

The analyses by gas chromatography with mass selective detection was the most quantitative analytical 
method, but also the least sensitive. In order to increase sensitivity of the instrument a selected ion 
monitoring program was set up to monitor the abundance of certain ions that are known to be present 
in the mass spectra of the target compounds. Sensitivity is increased because rather than slowly 
scanning for all possible ions, the detector scans many more times and much more rapidly for the small 
group of selected ions. However, the analysis is then limited to monitoring for the chosen target 
compounds. Any odorous non-target compounds, which may significantly contribute to the odour of 
a sample, will not be reported. The quality control / quality assurance procedures highlighted possible 
problems related to CLS A artifacts when running samples with very low levels of the target compound 
levels after a sample with high levels.

The flavour profile panel work, involving two independent panels, clearly shows an impact of Hinton 
combined effluent on the odour of the Athabasca River for substantial distances downstream. The 
odour contributions to the Athabasca River from tributaries are minor. The odour contributions from 
other effluent sources (sewage treatment plants and chemi-thermomechanical pulp mills) are less 
distinctive than the Hinton combined effluent and their role in affecting downstream odour is not as 
clear. Notwithstanding these observations, the observed impacts on raw water odour could not be 
identified for the treated drinking water at Ft. McMurray, possibly because of removal of odorous 
compounds in treatment and /  or masking of the raw water odour with chlorinous odours. The raw 
water supply at Ft. Chipeweyan was not particularly odorous and the finished water exhibited a very 
strong chlorine odour that would have masked any subtle odours present. Future samples should have 
an aliquot dechlorinated prior to FPA analysis so that other odours can be identified.

The CLSA-GC/MS for target compounds also suggests that there was limited contribution of odour 
compounds from the tributaries. However, with possible exception of geosmin, none of the effluent 
samples, including the Hinton combined effluent, contributed substantial concentrations of the target 
odour compounds to the Athabasca River. There were other odorous compounds detected by OGC

37



immediately downstream of the Hinton combined effluent at AROBED but these were not any of our 
target odour compounds. Notwithstanding these findings, there was a very distinctive rise in 3,4,5- 
trichloroveratrole and a measurable, but less distinctive rise in 2,4,6-trichloroanisole in the Athabasca 
River downstream of Hinton. Because neither of these compounds were present in substantial 
concentration in the Hinton combined effluent, and their concentrations rise downstream of Hinton, 
there is not a simple explanation for a possible role of this effluent source in the observed Athabasca 
River system concentrations for these compounds. In any case, none of the target odour compounds, 
by themselves can explain the odour character that was perceived by the flavour panel in the Hinton 
combined effluent and affected downstream samples. However, Figure 8 clearly indicates that the 
AROBED samples contains many non-target compounds not found upstream of Hinton. The OGC 
should have provided a separate approach to account for non-target odorous compounds that might 
explain the odours perceived by the flavour panel. There were very few extra odour peaks detected by 
OGC (Table 5), w ith perhaps only the sulfury / septic odour at 10.3 min and the 
sulfury/mercaptan/crude oil odour at 11.9 min likely to have contributed in any substantial way to the 
pulp mill odour character. Identifying these compounds would likely assist the odour characterization 
process, but there are likely other contributing compounds that have not yet been detected by the 
methods employed in this survey. This possibility suggests the need for a better characterization of the 
compounds that are primarily responsible for creating the odour of pulp mill effluents.

This report summarizes olfactory GC, CLSA/GC/MS and FPA results, but the three methods are 
difficult to correlate because:

a) CLSA/SIM is somewhat selective and determines target compound presence only. 
Unfortunately the current literature base was not sufficient to develop a complete list of 
compounds responsible for the characteristic "pulp mill" odour.

b) CLSA/OGC detects non-target odour compounds but does not give the overall odour of a 
sample. However, the variety and intensities of odour peaks gives a semi-quantitative 
statement about spatial distribution of odours.

c) Flavour panel results give an overall odour intensity for each sample and probably yield the 
most useful information, but these FPA results can not be compared with chromatographic 
results.

Unless the target compound list is thoroughly researched and adequately expanded, the three methods 
are difficult to link and they will remain difficult to correlate.
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5 .0  RECOMMENDATIONS

The tributary samples collected during this sampling did not contribute significantly to odour 
compound levels as detected by OGC, FPA, or GC/MS. In order to obtain the most informative data 
in the most efficient manner we recommend that the post-AlPac study be directed to only the mainstem 
Athabasca River and effluent samples. Monitoring only these samples for odorous compounds will 
also allow adequate time for purging of the CLSA between each sample. We also recommend that in 
the future, finished water samples are to be split into two portions with one portion being dechlorinated 
to unmask other odour compounds which cannot be detected in the presence of chlorine.

Finally we would recommend that a detailed study of the Hinton combined effluent be undertaken, to 
isolate and identify the compounds responsible for this odour, so that the set of target odour 
compounds can be expanded. Large volume extracts that have been stored at National Water Research 
Institute at the Canada Centre for Inland Waters could be analyzed for the presence of the expanded set 
of compounds to document pre-AlPac levels of these compounds. This would also allow for 
quantitative monitoring for the presence of these compounds upstream and downstream from the 
Alberta Pacific mill after the mill comes on stream in 1993. Furthermore, if  successful in identifying 
appropriate effluent target compounds, these may be used to train the flavour panel to refine their 
discrimination and intensity rating for these odours.

39



6 .0  REFERENCES CITED

APHA-AWWA-WEF (1992). Standard Methods for the Examination of Water and Wastewater. 18th 
Edition. American Public Health Association.

ASTM (1968). Manual on Sensory Testing Methods. American Society For Testing and Materials 
Special Technical Publication No. 434.

Bartels, J. H. M., Brady, B. M. and Suffet, I. H. (1987). “Training panelists for the flavor profile 
analysis method.” Journal AWWA 79: 26-32.

Brownlee, B.G., G.A. Maclnnis and L.R. Noton (1992). "Chlorinated Anisoles and Veratroles in the 
Athabasca River. Identification, Distribution and Olfactory Evaluation." Presented at the 19th 
Aquatic Toxicity Workshop, Edmonton, Oct.4-7.

Cook, W. H., Farmer, F. A., Kristiansen, O. E., Reid, K., Reid, J. and Rowbottom, R. (1973).
"The effect of pulp and paper mill effluents on the taste and odour of the receiving water and 
the fish therein." Pulp and Paper Magazine of Canada. 74: C97-106.

Farmer, F. A., Neilson, H. R. and Esar, D. (1973). “Flavour evaluation by triangle and hedonic scale 
tests of fish exposed to pulp mill effluents.” Canadian Institute of Food Science Technology 
Journal 6(11: 12-16.

Gordon, M. R., Mueller, J. C. and Walden, C. C. (1980). “Effect of biotreatment on fish tainting
propensity of bleached kraft whole mill effluent.” Transactions of the Technical Section of the 
Canadian Pulp and Paper Association 6(1): TR2-TR8.

Government of Canada (1991). Effluents from Pulp Mills Using Bleaching. Priority Substances List 
Assessment Report No. 2. Canadian Environmental Protection Act. Environment Canada, 
Health and Welfare Canada.

Hall, E.R. (1992). Personal Communication. NSERC Industrial Research Chair in Forest Product 
Wastes Management, University of British Columbia.

Kovacs, T.G. and R.H. Voss. (1986). Factors influencing the effect of bleached kraft mill effluents 
on drinking water quality. Water Research. 20, 1185-1191.

Krasner, S. W. (1988). “Flavor-profile analysis. An objective sensory technique for the identification 
and treatment of off-flavors in drinking water.” Water Science and Technology 20(8/9): 31- 
36.

Levi, Y., Cadet, J. L. and Coutant, J. P. (1990). Water flavor evaluation assistance automation.
Amer. Water Works Assoc. WQTC Sym., San Diego,

Nystrom, A., A. Grimvall, C. Krantz-Rulcker, R. Savenhed and K. Akerstrand. (1992). "Drinking 
water off-flavour caused by 2,4,6-trichloroanisole". Water Science & Technology. 25(2), 241- 
249.



Paasivirta, J., Knuutinen, J., Tarhanen, J., Kuokkanen, T., Surma-Aho, K., Paukku, R.,
Kaariainen, H., Lahtipera, M. and Veijanen, A. (1983). “Potential off-flavour compounds 
from chlorobleaching of pulp and chlorodisinfection of water.” Water Science and Technology 
15: 97-104.

Suffet, I. H., Brady, B. M., Bartels, J. H. M., Burlingame, G., Mallevialle, J. and Yohe, T. (1988). 
“Development of the flavor profile analysis method into a standard method for sensory 
analysis of water.” Water Science and Technology 20(8/9): 1-9.

Wong, A., Voss, R. H., Kovacs, T. G. and Dorica, J. G. (1985). “Drinking water organoleptic
quality as influenced by biologically treated bleached kraft mill effluent.” Journal of Pulp and 
Paper Science 11(6): 161-166.



7 .0  BIBLIOGRAPHY

Alberta-Pacific Environmental Impact Assessment Review Board (1990) The Proposed Alberta-Pacific 
Pulp Mill: Report of the ELA Review Board. March, 1990.

Amoore, J.E. (1992) Odor standards in squeeze-bottle kits for matching quality and intensity. Wat. 
Sci. Tech.. 25(2): 1-9.

Andersson, T. (1987) Sublethal Physiological Effects of Pulp and Paper Mill Effluents on Fish. A 
Literature Review. National Swedish Environmental Protection Board, Report 336.

Bartels, J.H.M., Burlingame, G.A. and Suffet, I.H. (1986). Flavor profile analysis: taste and odor 
control of the future. J. Am. Water Works Assoc.. 78(3): 50-55.

Bond, W.A. (1980) Fishery Resources of the Athabasca River Downstream of Fort McMurray: 
Volume I. Prepared for the Alberta Oil Sands Environmental Research Program by Dept, of 
Fisheries and Oceans, Freshwater Institute. AOSERP Report 89. 81 pp.

Bond, W.A. and Berry, D.K. (1980) Fishery Resources of the Athabasca River Downstream of Fort 
McMurray, Alberta. Volume II. Prepared for the Alberta Oil Sands Environmental Research 
Program by Department of Fisheries and Oceans and Alberta Department of the Environment. 
AOSERP Project AF 4.3.2. 158 pp.

Brownlee, B.G., Gammie, L., Gummer, W.D. and Maclnnis, G.A. (1988). A simple extraction 
procedure for moderately volatile taste and odor compounds such as geosmin and 2- 
methylisobomeol -  method and applications. Wat. Sci. Tech.. 20(8/9): 91-97.

Brownlee, B.G., Maclnnis, G.A. and Noton, L.R. (1992) Chlorinated Anisoles and Veratroles in a 
Canadian River Receiving Bleached Kraft Pulp Mill Effluent Identification, Distribution, and 
Olfactory Evaluation. NWRI Contribution No. 92-144, 17 pp.

Brownlee, B.G., Painter, D.S. and Boone. R.J. (1984). Identification of taste and odour compounds 
from western Lake Ontario. Water Poll. Res. J. Canada. 19(1): 111-118.

Brownlee, B. and Strachan, W.M.J. (1977) Distribution of some organic compounds in the receiving 
waters of a kraft pulp and paper mill. J. Fish. Res. Board Can.. 34(6): 830-837.

Bruvold, W.H. and Daniels, J.I. (1990). Standards for mineral content in drinking water. J. Am. 
Water Works Assoc.. 82(2): 59-65.

Bruvold, W.H. (1989). A critical review of methods used for the sensory evaluation of water quality. 
Crit. Rev. Environ. Control. 19(4): 291-308.

Burlingame, G.A. (1989). Geosmin in a river water system. Am. W aterw orks Assoc. Sem. Proc. 
Identification of Taste and Odor Compounds. 29-40.

Cees, B., Zoetman, J. and Piet, G.J. (1974). Cause and identification of taste and odour compounds 
in water. Sci. Total Environ.. 2: 103-115.

42



Coleman, W.E., Munch, J.W., Slater, R.W., Melton, R.G. and Kopfler, F.C. (1983). Optimization 
of purging efficiency and quantification of organic contaminants from water using a 1-L 
closed-loop stripping apparatus and computerized capillary column GC/MS. Environ. Sci. 
Technol.. 17(10: 571-576.

Cook, W.H., Farmer, F.A., Kristiansen, O.E., Reid, K., Reid, J. and Rowbottom, R. (1973) The 
effect of pulp and paper mill effluents on the taste and odour of the receiving water and the fish 
therein. Pulp and Paper Magazine of Canada. Convention Issue. 97-106.

D. McLeay and Associates Ltd. (1987) Aquatic Toxicity of Pulp and Paper Mill Effluent: A Review. 
Environment Canada Report EPS 4/PF/l. April.

Davis, H.K., Geelhoed, E.N., MacRae, A.W., Howgate, P. (1992) Sensory analysis of trout tainted 
by diesel fuel in ambient water. Wat. Sci. Tech.. 25(2): 11-18.

Environment Ontario (1989) Interim Pollution Reduction Strategy for Ontario Kraft Mills. April.

Fox, M.E. (1977) Persistence of dissolved organic compounds in kraft pulp and paper mill effluent 
plumes. J. Fish. Res. Board Can.. 34(6): 798-804.

From, J. and Hprlyck, V. (1984). Sites of uptake of geosmin, a cause of earthy-flavor, in Rainbow 
Trout (Salmo gairdneri). Can. J. Fish. Aquat. Sci.. 41: 1224-1226.

Gordon, M .R., Mueller, J.C. and Walden, C.C. (1980) Effect of biotreatment on fish tainting 
propensity of bleached kraft whole mill effluent. Transactions. 6(1): TR2-TR8.

Greenberg, A.E., Clesceri, L.S. and Eaton, A.D. (Editors) (1992) Closed-loop stripping, gas- 
chromatographic/mass-spectrometric analysis. Standard Methods (18th Edition), pp. 6-7 to 6- 
16.

Grob, K. and Grob Jr., K. (1978). On-column injection on to glass capillary columns. L  
Chromatog.. 151: 311-320.

Grob, K. and Ziircher, F. (1976). Stripping of trace organic substances from water. Equipment and 
procedure. J. Chromatog.. 117: 285-294.

Hamilton, H.R., Turk, O.S., Sikes, J.E.G., McDonald, R.D. and Hrudey, S.E. (1987) Management 
of Effluents from Chemithermomechanical Pulp Mills. Alberta Environment Report 87-0610, 
July.

Heil, T.P. and Lindsay, R.C. (1988). A method for quantitative analysis of flavor-tainting 
alkylphenols and aromatic thiols in fish. J. Environ. Sci. Health. B23(5): 475-488.

Heil, T.P. and Lindsay, R.C. (1988). Volatile compounds in flavor-tainted fish from the Upper 
Wisconsin River. J. Environ. Sci. Health. B23(5):489-512.

Heil, T.P. and Lindsay, R.C. (1990). Environmental and industrial factors relating to flavor tainting 
of fish in the Upper Wisconsin River. J. Environ. Sci. Health. B25(4): 527-552.

Heimburger, S.A., Blevins, D.S., Bostwick, J.H. and Donninni, G.P. (1988) Kraft mill bleach plant 
effluents: recent developments aimed at decreasing their environmental impact, part 1. Tappi J.. 
71: 51-60.

43



Heimburger, S.A., Blevins, D.S., Bostwick, J.H. and Donninni, G.P. (1988) Kraft mill bleach plant 
effluents: recent developments aimed at decreasing their environmental impact, part 2. Tappi J.. 
71: 69-78.

Heinonen, P., Paasivirta, J., Herve, S. (1986) Periphyton and m ussels in m onitoring 
chlorohydrocarbons and chlorophenols in watercourses. Toxicol. Environ. Chem.. 11: 191- 
201.

Herve, S., Heinonen, P., Paukku, R. (1988) Mussel incubation method for m onitoring 
organochlorine pollutants in watercourses. Four-year application in Finland. Chemosphere. 
17(10): 1945-1961.

Herve, S., Paasivirta, J. and Heinonen, P. (1988) Use of mussels (Anodonta piscinalis) in the 
monitoring of organic chlorine compounds. Wat. Sci. Tech.. 20(2): 163.

Hishida, Y., Ashitani, K. and Fujiwara, K. (1988). Occurrence of musty odor in the Yodo River. 
Wat. Sci. Tech.. 20(8/9): 193-196.

Hocking, J. (1991) Regulation of discharge of organochlorines from pulp mills in Canada. 
Environmental Management. 15(2): 195-204.

Holoubek, I., Paasivirta, J., Maatela, P., Lahtipera, M., Holoubkova, I., Korfnek, P., Bohacek, Z. 
and Caslavsky, J. (1990) Comparison of extraction methods for polycyclic aromatic 
hydrocarbon determination in sediments. Toxicol. Environ. Chem.. 25: 137-154.

Hrudey, S.E. and Low, N.J. (1992) Discussion of ‘The effect of disinfectants on a geosmin- 
producing strain of Streptomyces griseus’ (Whitmore & Denny 1992). J. Appl. Bacteriol.. 73: 
445-446.

Hrudey, S.E., Rector, D. and Motkosky, N. (1992) Characterization of drinking water odour arising 
from spring thaw for an ice-covered upland river source. Wat. Sci. Tech.. 25(2): 65-72.

Hwang, C.J., Krasner, S.W ., M cGuire, M .J., M oyland, M.S. and Dale, M.S. (1984). 
Determination of subnanogram per liter levels of earthy-musty odorants in water by the salted 
closed-loop stripping method. Environ. Sci. Technol.. 18(7): 535-539.

Ito, T., Okumura, T. and Yamamoto, M. (1988) The relationship between concentration and sensory 
properties of 2-methylisobomeol and geosmin in drinking water. Wat. Sci. Tech.. 20(8/9): 11- 
17.

Jardine, C.G. (1992) Public evaluation of fish tainting from pulp and paper mill discharges. Wat. Sci- 
Tech.. 25(2): 57-64.

Jardine, C.G. and Hrudey, S.E. (1988) Threshold detection values of potential fish tainting 
substances from oil sands wastewaters. Wat. Sci. Tech.. 20(8/9): 19-25.

Jenkins, D., Medsker, L.L. and Thomas, J.F. (1967). Odorous compounds in natural waters. Some 
sulfur compounds associated with blue-green algae. Environmental Science and Technology. 
1(9): 731-735.

Johnson, M.G. (1977) Caloric changes along pulp and paper mill effluent plumes. J. Fish. Res. 
Board Can.. 34(6): 784-790.

44



Johnsen, P.B. and Lloyd, S.W. (1992) Influence of fat content on uptake and depuration of the off- 
flavor 2-methylisobomeol by channel catfish (Ictalurus punctatus). Can. J. Fish Aquat. Sci.. 
49: 2406-2411.

Jones, M.L., G.J. Mann and McCart, P.J. (1978) Fall Fisheries Investigations in the Athabasca and 
Clearwater Rivers Upstream of Fort McMurray: Volume I. Prepared for the Alberta Oil Sands 
Environmental Research Program by Aquatic Environments Ltd. AOSERP Report 36. 71 pp.

Jones, M.L., G.J. Mann and McCart, P.J. (1978) Fall Fisheries Investigations in the Athabasca and 
Clearwater Rivers Upstream of Fort McMurray: Volume II. Prepared for the Alberta Oil Sands 
Environmental Research Program by Aquatic Environments Ltd. AOSERP Project AF 4.8.1. 
179 pp.

Jiittner, F. (1988). Quantitative trace analysis of volatile organic compounds. M ethods in 
Enzvmology. 167: 609-616.

Jiittner, F. (1988). Biochemistry of biogenic off-flavour compounds in surface waters. Wat. Sci. 
Tech.. 2018/91: 107-116.

Kaiser, K.L.E. (1977) Organic contaminant residues in fishes from Nipigon Bay, Lake Superior. J. 
Fish. Res. Board Can.. 34(6): 850-855.

Kelso, J.R.M. 91977) Density, distribution, and movement of Nipigon Bay fishes in relation to a pulp 
and paper mill effluent. J. Fish. Res. Board Can.. 34(6): 879-885.

Kelso, J.R.M., Minns, C.K. and Brouzes, R.J.P. (1977) Pulp and paper mill effluent in a freshwater 
environment. J. Fish. Res. Board Can.. 34(6): 771-775.

Khiari, D., Brenner, L., Burlingame, G.A. and Suffet, I.H. (1992) Sensory gas chromatography for 
evaluation of taste and odor events in drinking water. Wat. Sci. Tech.. 25(2): 97-104.

Koning, C.W. and Hrudey, S.E. (1992) Sensory and chemical characterization of fish tainted by 
exposure to oil sand wastewaters. Wat. Sci. Tech.. 25(2): 27-34.

Korth, W., Ellis, J. and Bowmer, K. (1992) The stability of geosmin and MIB and their deuterated 
analogues in surface waters and organic solvents. Wat. Sci. Tech.. 25(2): 115-122.

Kovacs, T.G. and Voss, R.H. (1986) Factors influencing the effect of bleached kraft mill effluents on 
drinking water quality. Wat. Res.. 20(9): 1185-1191

Kovacs, T.G., Voss, R.H. and Wong, A. (1984) Chlorinated phenolics of bleached kraft mill origin. 
Water Res.. 18(7): 911-916.

Krasner, S.W. (1988) Flavor-profile analysis: an objective sensory technique for the identification and 
treatment of off-flavors in drinking water. Wat. Sci. Tech.. 20(8/9): 31-36.

Krasner, S.W., McGuire, M.J. and Ferguson, V.B. (1985). Tastes and odors: the flavor profile 
method. J. Am. Water Works Assoc.. 77(3): 34-39.

Kringstad, K.P. and Lindstrom, K. (1984) Spent liquors from pulp bleaching. Environ. Sci. 
Technol.. 18(8): 236A-248A.

Lalezary, S., Pirbazari, M., McGuire, M.J. and Krasner, S.W. (1984). Air stripping of taste and 
odor compounds from water. J. Am. Water Works Assoc.. 76(3): 83-86.

45



Langenhove, H. van, Roelstraete, K., Schamp, N. and Houtmeyers, J. (1985). GC-MS 
identification of odorous volatiles in wastewater. Water Res.. 19(5): 597-603.

Langenhove, H.R. van, Teerlinck, D., Van Wassenhove, F.A., Schamp, N.M. (1984). Sensory 
analysis of odorous water samples. J. Water Pollut. Control Fed.. 56(4): 351-354.

Leslie, J.K. (1977) Characterization of suspended particles in some pulp and paper mill effluent 
plumes. J. Fish. Res. Board Can.. 34(6): 791-797.

Levi, Y., Cadet, J.L. and Coutant, J.P. (1990). Water flavor evaluation assistance automaton. Proc. 
Amer. Water Works Assoc.. WOTC Svmp. San Diego. November.

Lin, S.D. (1976). Sources of tastes and odors in water. Part 1. Water and Sewage Works. 123(6): 
101-104.

Lin, S.D. (1976). Sources of tastes and odors in water. Part 2. Water and Sewage W orks. 123171: 
64-67.

Lin, S.D. (1977). Tastes and odors in water supplies: a review. W ater and Sewage Works 
('Reference Issue-). R-141-R-163.

Lindsay, R.C. and Heil, T.P. (1992) Flavor tainting of fish in the Upper Wisconsin River caused by 
alkyl- and thiophenols. Wat. Sci. Tech.. 25(2): 35-40.

Lundgren, B. (1989). Isolation of off-flavour compounds in water by chromatographic sniffing and 
preparative gas chromatography. J. Chromatogr.. 482: 23-34.

Lundgren, B.V., Boren, H., Grimvall, A., Savenhed, R. and Wigilius, B. (1988). The efficiency 
and relevance of different concentration methods for the analysis of off-flavours in water. 
Wat. Sci. Tech.. 20(8/9): 81-89.

Mallevialle, J. and Suffet, I.H. (Eds.) (1987). Identification and Treatment of Tastes and Odors in 
Drinking W ater. Cooperative Research Report of the American W ater Works Association 
Research Foundation and Lyonnaise des Eaux. Denver, 292pp.

Martin, J.F., Bennett, L.W. and Graham, W.H. (1988). Off-flavor in the channel catfish (Ictalurus 
punctatus) due to 2-methylisobomeol and its dehydration products. Wat. Sci. Tech.. 20(8/9): 
99-105.

Martin, J.F., McCoy, C.P., Greenleaf, W. and Bennett, L. (1987). Analysis of 2-methylisobomeol 
in water, mud, and channel catfish (Ictalurus punctatus) from commercial culture ponds in 
Mississippi. Can. J. Fish. Aquat. Sci.. 44: 909-912.

Martin, J.F., Plakas, S.M., Holley, J.H. and Kitzman, J.V. (1990). Pharmacokinetics and tissue 
disposition of the off-flavor compound 2-methylisobomeol in the channel catfish {Ictalurus 
punctatus). Can J. Fish. Aquat. Sci.. 47: 544-547.

Maatela, P. and Paasivirta, J. (1988) Analysis methods for organic chlorine in pulp mill effluent, 
sludge and sediment. In Conference Proceedings, 1st European Conference on Ecotoxicology, 
H. Lpkke, H., H. Tyle and F. Bro-Rasmussen (Eds.), Copenhagen, Denmark, October 17- 
19, 1988, pp. 69-71.

46



McGuire, M.J., Krasner, S.W., Hwang, C.J. and Izaguirre, G. (1983). An early warning system 
for detecting earthy-musty odors in reservoirs. Wat. Sci. Tech.. 15: 267-277

McGuire, M.J., Krasner, S.W., Hwang, C.J. and Izaguirre, G. (1981). Closed-loop stripping 
analysis as a tool for solving taste and odor problems. J. Am. Water Works Assoc.. 73(10): 
530-537.

McKague, A.B., Kolar, M-C. and Kringstad, K.P. (1988) Nature and properties of some chlorinated, 
lipophilic, organic compounds in spent liquors from pulp bleaching. 1. Liquors from 
conventional bleaching of softwood kraft pulp. Environ. Sci. Technol.. 22(5): 523-526.

Meng, A.-K., Brenner, L. and Suffet, I.H. (1992) Correlation of chemical and sensory data by 
principal component factor analysis. Wat. Sci. Tech.. 25(2): 49-56.

Mikkelson, P., Paasivirta, J. and Knuutinen, J. (1988) HPLC/fluorescence spectrometry in analyses 
of pulp mill wastes in recipients. Wat. Sci. Tech.. 20(2): 171-172.

Mikkelson, P., Paasivirta, J. and Knuutinen, J. (1987) HPLC/fluorescence spectrometry in analyses 
of pulp mill wastes in recipients. In Organic Micropollutants in the Aquatic Environment, G. 
Angeletti, and A. Bjprseth (Eds.), Proceedings of the Fifth European Symposium, October 20- 
22, 1987, Rome, Italy, pp. 88-96.

Minns, C.K. (1977) Analysis of a pulp and paper mill effluent plume. J. Fish. Res. Board Can.. 
34(6): 776-783.

Monenco Consultants Ltd. (1991) Chlorinated Organics, Water Quality and Fisheries Survey in the 
Peace, Smoky and Slave Rivers, Alberta and Northwest Territories. Volume I. Submitted to 
Daishowa Canada Co. Ltd. PRP 8634-8/6352.

Monenco Consultants Ltd. (1991) Chlorinated Organics, Water Quality and Fisheries Survey in the 
Peace, Smoky and Slave Rivers, Alberta and Northwest Territories. Volume II (Appendices A 
Through O). Submitted to Daishowa Canada Co. Ltd. PRP 8634-8/6352.

Monenco Consultants Ltd. (1990) Fish Tissue and Sediment Studies in the Vicinity of the Peace River 
Pulp Division Mill at Peace River, Alberta 29 September-1 October, 1989. Prepared for 
Daishowa Canada Co. Ltd. Report PRP 8593-5.

Moore, J.W. and Ramamoorthy, S. (1984) Organic Chemicals in Natural Waters: Applied Monitoring 
and Impact Assessment. New York: Springer-Verlag. 289 pp.

Moore, J.E. and Love, R.J. (1977) Effect of a pulp and paper mill effluent on the productivity of 
periphyton and phytoplankton. J. Fish. Res. Board Can.. 34(6): 856-862.

Neilson, A.H., Allard, A-S., Hynning, P-A. and Remberger, M. (1991) Distribution, fate and 
persistence of organochlorine compounds formed during production of bleached pulp. Toxicol. 
Environ. Chem.. 30: 3-41.

Noton, L.R. (1989) The Peace and Athabasca River Systems: A Synopsis of Alberta Environment’s 
Monitoring Programs and the Water Quality Effects of Existing Pulp Mill Effluents.

Noton, L.R., Anderson, A.M., Reynoldson, T.B., Kostler, J. (1989) Water Quality in the Wapiti- 
Smoky River System Downstream of the Procter and Gamble Pulp Mill, 1983. Environmental 
Quality Monitoring Branch, Alberta Environment.

47



Noton, L.R. and Shaw, R.D. (1989) Winter Water Quality in the Athabasca River System 1988 and 
1989. Environmental Quality Monitoring Branch, Alberta Environment, August.

Nystrom, A., Grimvall, A., Krantz-Rulcker, C., Savenhed, R. and Akerstrand, K. (1992) Drinking 
water off-flavor caused by 2,4,6-trichloroanisole. Wat. Sci. Tech.. 25(2): 241-249.

Onuska, F.I., Kominar, R.J. and Terry, K. (1983). An evaluation of splitless and on-column 
injection techniques for the determination of priority micropollutants. J. Chromatogr. Sci.. 21: 
512-518.

Paasivirta, J. (1989) Environmentally toxic organohalogens in discharges from the pulp industry. In 
Seminar on Environmental Questions Within the Pulp and Paper Industry Sector, SNV, 
Rosenbad, Stockholm, April 4-6, 1988, pp. 86-95.

Paasivirta, J. (1989) Organochlorines in Finnish and Baltic environment. The role of the forest 
industry. In Biotransformation of Organic Pollutants in the Aquatic Environment. S. 
Rekolainen and J. Zeyer (Eds.), Water Pollution Research Report 14, pp. 1-10.

Paasivirta, J. (Editor) (1989) Chemistry and Ecology of Organo-Element Compounds. Department of 
Chemistry, University of Jyvaskyla Research Report No. 29. 93 pp.

Paasivirta, J. (Editor) (1988) Structures o f Organic Environmental Chemicals. Department of 
Chemistry, University of Jyvaskyla, Research Report No. 28, 67 pp.

Paasivirta, J., Heinola, K., Humppi, T., Karjalainen, A., Knuutinen, J., Mantykoski, K., Paukku, 
R., Piilola, T., Surma-Aho, K., Tarhanen, J., Welling, L., Vihonen, H. and Sarkka, J. 
(1985) Polychlorinated phenols, guaiacols and catechols in environment. Chemosphere. 14(5): 
469-491.

Paasivirta, J., Klein, P., Knuutila, M., Knuutinen, J., Lahtipera, M., Paukku, R., Veijanen, A., 
Welling, L., Vuorinenc, M. and Vuorinen, P.J. (1987) Chlorinated anisoles and veratroles in 
fish. Model compounds. Instrumental and sensory determinations. Chemosphere. 16(6): 1231- 
1241.

Paasivirta, J., Knuutinen, J., Knuutila, M., Maatela, P., Pastinen, O., Virkki, L., Paukku, R. and 
Herve, S. (1988) Lignin and organic chlorine compounds in lake water and the role of the 
chlorobleaching effluents. Chemosphere. 17(1): 147-158.

Paasivirta, J., Knuutinen, J., Maatela, P., Paukku, R., Soikkeli, J. and Sarkka, J. (1988) Organic 
chlorine compounds in lake sediments and the role of the chlorobleaching effluents. 
Chemosphere. 17(1): 137-146.

Paasivirta, J., Knuutinen, J., Tarhanen, J., Kuokkanen, T., Surma-Aho, K., Paukku, R., 
Kaariainen, H., Lahtipera, M. and Veijanen, A. (1983) Potential off-flavour compounds from 
chlorobleaching of pulp and chlorodisinfection of water. Wat. Sci. Tech.. 15: 97-104.

Paasivirta, J. and Koistinen, J. (1990) Environmental significance of organochlorines in water 
ecosystems. Relative risk of damages from pulp chlorobleaching wastes. Presented at Pacific 
Paper Expo, Vancouver, B.C. Canada November 7-9, 1990. 16 pp.

Paasivirta, J., Rantalainen, A-L., Welling, L., Herve, S. and Heinonen, P. (1992) Organochlorines as 
environmental tainting substances: taste panel study and chemical analyses of incubated 
mussels. Wat. Sci. Tech.. 25(2): 105-113.

48



Peace-Athabasca Delta Implementation Committee, Canada, Alberta, Saskatchewan. (1987) Peace- 
Athabasca Delta Water Management Works Evaluation. Final Report. 63 pp.

Persson, P.E. (1992) A summary of problem areas in aquatic off-flavour research. Wat. Sci. Tech.. 
25(2): 335-339.

Persson, P.E. (1988). Aquatic off-flavours - past, present and future. Wat. Sci. Tech.. 20: 283-288.

Persson, P.E. (1983). Off-flavours in aquatic ecosystems - An introduction. Wat. Sci. Tech.. 15: 1-
11.

Persson, P.E. (19??) Muddy odour in fish from hypertrophic waters. In Developm ents in 
H vdrobiology. Vol. 2, J. Barica and L.R. Mur (Eds.), Dr. W. Junk b.v. Publishers, The 
Hague, The Netherlands, 57-62.

Persson, P.E., Yurkowski, M. and Marshall, E. (Editors) (1983) Taste and Odour in Waters and 
Aquatic Organisms. Wat Sci. Tech.. 15: 1-333.

Polak, J. and Palmer, M.D. (1977) Concentration pattern of chemical constituents in a paper mill’s 
effluent plume: dynamics and model. J. Fish. Res. Board Can.. 34(6): 805-816.

Reis, R. (19??) Environmental Aspects of Alkaline Peroxide (APP) or BCTMP Pulping. Miller 
Western Pulp Ltd.

Rigal, S. (1992) The use of organoleptic investigations to evaluate the quality of materials in contact 
with drinking water. Wat. Sci. Tech.. 25(2): 41-48.

Rizet, M. and Mouchet, J. (1982). Influence of discharges from storage reservoirs on the tastes and 
odours appearing in the Seine and Marne rivers. Water Science and Technology. 14(4/5):43- 
55.

Rosen, A.A., Skeel, R.T. and Ettinger, M.B. (1963). Relationship of river water odor to specific 
organic contaminants. J. Water Pollut. Control Fed.. 35(6): 777-782.

Sato, T., Matsuoka, N., Sugihara, H., Akazawa, H. and Motohiro, T. (1988) Petroleum-like off- 
flavor in seasoned herring roe. Wat. Sci. Tech.. 20(8/9): 49-53.

Savenhed, R. (1986). Chemical and Sensory Analysis of Off-flavour Compounds in Drinking Water. 
Linkoping University, Sweden.

Savenhed, R., Boren, H. and Grimvall, A. (1985). Stripping analysis and chromatographic sniffing 
for the source identification of odorous compounds in drinking water. J. Chromatog.. 328: 
219-231.

Savenhed, R., Boren, H., Grimvall, A. and Tjeder, A. (1983). Stripping techniques for the analysis 
of odourous compounds in drinking water. Wat. Sci. Tech.. 15: 139-148.

Shaw, R.D. and Noton, L.R. (1989) A Preliminary Assessment of the Impact of Existing Pulp Mills 
on the Peace River. Environmental Quality Monitoring Branch, Alberta Environment.

Skulberg, O.M. (1988) Chemical ecology and off-flavour substances. Wat. Sci. Tech.. 20(8/9): 167- 
178.

49



Sodergren, A. (Editor) (1989) Biological Effects of Bleached Pulp Mill Effluents. National Swedish 
Environmental Protection Board Report 3558. Final Report from the Environment/Cellulose I 
Project.

Sodergren, A., Bengtsson, B.-E., Jonsson, P., Kringstad, K., Lagergren, S., Olsson, M. and 
Renberg, L. (1988) Biological Effects of Water Discharges by the Forest Industry. Research 
Program m e. N ational Swedish Environm ental Protection B oard R eport 3430. 
Environment/Cellulose II.

Suffet, I.H., Brady, B.M., Bartels, J.H.M., Burlingame, G., Mallevialle, J. and Yohe, T. (1988) 
Development of the flavor profile analysis method into a standard method for sensory analysis 
of water. Wat. Sci. Tech.. 20(8/9): 1-9.

Suntio, L.R., Shiu, W.Y. and Mackay, D. (1988). A review of the nature and properties of chemicals 
present in pulp mill effluents. Chemosphere. 17(7): 1249-1290.

Tomita, M., Ichikawa, N. and Goda, T. (1988) Correlation between threshold odor numbers and the 
concentration of odorous substances in water. Wat. Sci. Tech.. 20(8/9): 27-30.

Tripp, D.B. and McCart, P.J. 1979. Investigations of the Spring Spawing Fish Populations in the 
Athabasca and Clearwater Rivers Upstream from Fort McMurray: Volume I. Prepared for the 
Alberta Oil Sands Environmental Research Program by Aquatic Environments Limited. 
AOSERP Report 84. 128 pp.

Vanderstraeten, P., Wauters, E., Muylle, E., Verduyn, G., Vanderheyden, E. and Vansant, E.F. 
(1988) A continuous quantitative detection method for total mercaptans, organic sulphides, 
H2S, and CS2 for odouriferous emissions. JAPCA. 38: 1271-1274.

Veijanen, A., Lahtipera, M. and Paasivirta, J. (1988). Analytical methods of off-flavours in the 
aquatic environment. Wat. Sci. Tech.. 20(2): 183-184.

Veijanen, A., Paasivirta, J. and Lahtipera, M. (1988). Structure and sensory analyses of tainting 
substances in Finnish freshwater environments. Wat. Sci. Tech.. 20(8/9): 43-48.

Virkki, L., Knuutinen, J., Mannila, P. and Paasivirta, J. (1988) NMR study of kraft pulp mill waste 
and natural humic substances. Wat. Sci. Tech.. 20(8/9): 189-190.

Virkki, L., Knuutinen, J., Mannila, P. and Paasivirta, J. (1987) NMR study of kraft pulp mill waste 
and natural humic substances. In Organic Micropollutants in the Aquatic Environment, G. 
Angeletti, and A. Bjprseth (Eds.), Proceedings of the Fifth European Symposium, October 20- 
22, 1987, Rome, Italy, pp. 344-346.

Voss, R.H. (1983) Chlorinated neutral organics in biologically treated bleached kraft mill effluents. 
Environ. Sci. Technol.. 17(9): 530-537.

Vuorinen, P.J., Paasivirta, J., Piilola, T., Surma-Aho, K. and Tarhanen, J. (1985) Organochlorine 
compounds in Baltic salmon and trout. I. Chlorinated hydrocarbons and chlorophenols 1982. 
Chemosphere. 14(11/12): 1729-1740.

Walder, G.L. and Mayhood, D.W. 1985. An Analysis of Benthic Invertebrate and Water Quality 
Monitoring Data from the Athabasca River. Prepared for Alberta Environment, Research 
Management Division by Sigma Biometrics and FWR Freshwater Research Limited. RMD 
Report L-91. 254 pp.

50



Wigilius, B., Boren, H. and Grimvall, A. (1988) Determination of adsorbable organic halogens 
(AOX) and their molecular weight distribution in surface water samples. Chem osphere. 
17(10): 1985-1994.

Wigilius, B., Boren, H., Grimvall, A., Carlberg, G.E, Hagen, I. and Brogger, A. (1988) Impact of 
bleached kraft mill effluents on drinking water quality. Sci. Total Environ.. 74: 75-96.

Winter, B., Fiechter, A. and Zimmermann, W. (1991) Degradation of organochlorine compounds in 
spent sulfite bleach plant effluents by Actinomycetes. Appl. Environ. Microbiol.. 57(10): 
2858-2863.

Whittle, D.M. and Hood, K.W. (1977) Assessment of the cute toxicity, growth impairment, and flesh 
tainting potential of a bleached kraft mill effluent on rainbow trout (Salmo gairdneri). J. Fish- 
Res. Board Can.. 34(6): 869-878.

Wnorowski, A.U. and Scott, W.E. (1992) Incidence of off-flavors in South African surface waters. 
Wat. Sci. Tech.. 25(2): 225-232.

Yurkowski, M. and Tabachek, J.L. (1980) Geosmin and 20methylisobomeol implicated as a cause of 
muddy odor and flavor in commercial fish from Cedar Lake, Manitoba. Can. J. Fish. Aquat. 
Sci.. 37: 1449-1450.

Yurkowski, M. and Tabachek, J.L. (1974). Identification, analysis, and removal of geosmin from 
muddy-flavored trout. J. Fish. Res. Board Can.. 31: 1851-1858.

Zoeteman, B.C.J. and Piet, G.J. (1972/73) On the nature of odours in drinking water resources of the 
Netherlands. Sci. Total Environ.. 1: 399-410.

51





APPENDIX A: TERM S OF REFERENCE





NORTHERN RIVER BASINS STUDY

SCHEDULE A - TERMS OF REFERENCE 

Project 4411-B1: Water Taste and Odour Study (Athabasca River)

I. Objective

The purpose o f this project is to conduct chemical (gas chromatography mass spectometry, gas 
chromatography electron capture detector and gas chromatography sniff analyses) and flavour 
panel analyses on water and effluent samples collected from the Athabasca River in February and 
March 1993 to give a preliminary indication of the extent o f water taste and odour problems 
along the river as well as the types o f compounds being discharged into the river that may cause 
water taste and odour problems.

II. Requirements

1) Undertake a literature review to document the current knowledge about the role of 
pulp mills and other effluent sources found in the northern river basins in causing 
off-flavours in water supplies and fish. The literature search will also include a 
review of analytical methods used to investigate taste and odour problems. While 
no formal reporting of the literature review is required at this time, the consultant 
may be asked to prepare an annotated bibliography and synthesis report on water 
and fish taste and odour problems under a separate contract. It is therefore 
assumed that information gained during the literature review for this project 
would serve as important background information for subsequent preparation of 
an annotated bibliography and/or synthesis report.

2) Conduct chemical evaluations of water and effluent samples from the Athabasca 
River using large volume solvent extractions and closed loop stripping extraction 
combined with gas chromatography mass spectometry, gas chromatography 
electron capture detector and gas chromatography sniff analyses. Water samples 
for these analyses will be collected from the Athabasca River at the time-of-travel 
o f the river in February and March 1993. The water and effluent samples will be 
collected by Alberta Environmental Protection on behalf o f the Northern River 
Basins Study. Water and effluent sampling from the Athabasca River will be 
carried out in a manner specified by the consultant to Alberta Environmental 
Protection/Northem River Basins Study.

3) Conduct a flavour profile analysis of water and effluent samples collected from 
the Athabasca River in February 1993. The flavour profile analysis is to be 
conducted by a pre-established, trained sensory panel.



1) Prepare a draft report outlining the results o f the chemical and flavour profile 
analyses of water and effluent samples. The report should include a detailed 
description o f the methodology employed, quality assurance/quality control 
measures and a comprehensive discussion o f the results o f the chemical and 
flavour profile analyses. Ten copies o f the draft report are to be submitted to the 
Project Liaison Officer (Greg Wagner, Office o f the Science Director, Northern 
River Basins Study, phone (403) 427-1742, fax (403) 422-3055) by March 22, 
1993.

2) Three weeks after the receipt of review comments, submit ten cerlox bound copies 
and two unbound, camera-ready originals o f the final report to the Project Liaison 
Officer. The final report is to include an executive summary, table o f contents, 
list of tables (if appropriate), list o f figures (if appropriate) and an appendix which 
includes the Terms o f Reference for this project. An electronic copy of the report, 
in Word Perfect 5.1 format, is to be submitted to the Project Liaison Officer at the 
same time as the final report. Data presented in tables, figures, appendices, etc. in 
the final report are also to be compiled in an electronic database (dBase IV 
preferred) and submitted to the Project Liaison Officer. All sampling locations 
presented in the report and in electronic form are to be geo-referenced (lat./long. 
preferred).

III. Reporting Requirements






