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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 Il - 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.






NORTHERN RIVER BASINS STUDY
PROJECT REPORT RELEASE FORM

This publication may be cited as:

Kenefick, S. et al. 1996. Northern River Basins Study Project Report No. 114, Water Taste and
Odour - Athabasca River, 1994 (Post ALPAC). Northern River Basins Study, Edmonton,
Alberta.

Whereas the above publication is the result of a project conducted under the Northern River Basins
Study and the terms of reference for that project are deemed to be fulfilled,

IT IS THEREFORE REQUESTED BY THE STUDY OFFICE THAT,;

this publication be subjected to proper and responsible review and be considered for release to the
public.

Whereas it is an explicit term of reference of the Science Advisory Committee "to review, for scientific
content, material for publication by the Board",

IT IS HERE ADVISED BY THE SCIENCE ADVISORY COMMITTEE THAT,;

this publication has been reviewed for scientific content and that the scientific practices represented in
the report are acceptable given the specific purposes of the project and subject to the field conditions
encountered.

SUPPLEMENTAL COMMENTARY HAS BEEN ADDED TO THIS PUBLICATION: [ ] Yes [ ] No

Whereas the Study Board is satisfied that this publication has been reviewed for scientific content and
for immediate health implications,

IT IS HERE APPROVED BY THE BOARD OF DIRECTORS THAT;

this publication be released to the public, and that this publication be designated for: [ ] STANDARD
AVAILABILITY [ ] EXPANDED AVAILABILITY
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WATER ODOUR - ATHABASCA RIVER, 1994 (POST ALPAC)

STUDY PERSPECTIVE

Water is essential to life. It can be an important
vector for conveying contaminants into humans. To

assist the Board in addressing concerns about the Related Study Questions

safety of drinking water supplies and their intent to

make recommendations concerning drinking water, 2) What is the current state of water

the Drinking Water component has designed a five- quality in the Peace, Athabasca and

step program of studies. The steps included: Slave River basins, including the Peace-

Athabasea Delta?

1 Synthesis of existing data on water use and
water quality; 8) Recognizing that people drink water and

2. Investigation of odour in water and tainting eat fish from these river systems, what
in fish; is the current concentration of

3. Review of health records for water borne contaminants in water and edible fish
diseases; tissue and how are these levels changing

4. Assessment of conventionally treated and through time and by location?
non-conventional water; and

5. Final synthesis report.

This report deals with step two and is a follow up to “Water Odour, Athabasca River, February and March,
1993" (NRBS Report Number 42). The purpose of these two studies was to evaluate any changes to water
odour that may have occurred after the Alberta-Pacific (Alpac) pulp mill near Athabasca came on stream. In
NRBS Report 42 it was recommended that a detailed study of the Hinton combined effluent be undertaken
to isolate and identify the compounds responsible for the odour and to expand the number of target
compounds. During the summer of 1993 the Weldwood mill in Hinton changed to the chlorine dioxide
bleaching process and the characteristic “pulp mill odour” identified in the 1993 study was no longer
detectable to the odour panel. Consequently the impact of the Hinton combined effluent (HCE) on
downstream odours was markedly less than in the 1993 survey. The gas chromatography / mass
spectrometry and the olfactory chromatography results suggest that the target compounds contribute very little
to the odour of the samples and that the likely contributing compounds have not yet been detected by the
methods used in this survey.

In the previous report, the science team had concerns that anisoles and veratroles were not found in the HCE
and that the effluent was not tested for guaiacols and other precursors of anisoles and veratroles. The mass
spectrometry had non-detects for the three anisoles and veratroles tested for In this report in this report. The
olfactory gas chromatography detected 2,4,6-trichloroanisole, but not in the HCE, although it was present in
the Whitecourt municipal effluent with a weak intensity. It was also present at various locations in the river,
but not immediately downstream of any effluent outfalls.

The information from this report will be combined with information collected in “Water Odour, Athabasca River,
February and March, 1993" and "A Review and Annotated Bibliography of Water and Fish Tainting in the
Peace, Athabasca and Slave River Basins” (NRBS Report Numbers 42 and 52) to give an overview of the
current state of water odour and fish tainting. Together with the other Drinking Water projects, these studies
will form the basis for the Drinking Water Synthesis report and will be used in the companion Human Health
Monitoring Program that will be examining human health issues in Northern Alberta.
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Table L BIOLOGICAL SOURCES OF TASTE AND ODOUR IN WATER

Organism Odour Descriptor
green algae grassy

musty

fishy
blue-green algae grassy, vegetable

earthy, musty

rotten, sulphur
diatoms spicy

geranium

grassy
flagellates cucumber

fishy

violet

musty, grassy
fungi earthy
bacteria sulphur
rotten eqg
earthy, musty
potato-bin
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Jiittner, 1983

Mallevialle & Suffet, 1987
Mallevialle & Suffet, 1987
Slater and Blok, 1983
Slater and Blok, 1983
Jenkins etar., 1967
Mallevialle & Suffet, 1987
Mallevialle & Suffet, 1987
Mallevialle & Suffet, 1987
Lin, 1977

Lin, 1977

Lin, 1977

Lin, 1977

Wood etal., 1983
Whitfield & Freeman, 1983
Lin, 1976b

Gerber, 1983

Gerber, 1983
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2.1 ODOUR PROFILE ANALYSIS

ubsamples (1L) of each waera iluted effluent were delivered to the sensory panel within 24
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2.2 LARGE VOLUME DICHLOROMETHANE EXTRACTIONS
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gﬁgéFlQOLl\?I:QIPR%TRWﬂY 3 GAS CHROMATOGRAPHIC | MASS
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22 BEALRENETHANE RMRALTEAPRIC ANALYSIS OF
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éﬁMBA&) TA FOR TARGET ODOUR COMPOUNDS AND INTERNAL

Retention
Compound jﬁ%
thiophene 31
dimethyldisulfide 4,0
2-methylthiophene 44
3-methylthiophene 45
1-chlorohexane 6.2
2-ethylthiophene 6.5
2,5-dimethylthiophene 6.6
thioanisole 14.0

2-isopropyl-3-methoxy pyrazine 14.3
2-1s0butyl-3-methoxy pyrazine 16.7

2-methylisobomeol 16.8
1-chlorodecane 185
2,4 6-trichloroanisole 198
2,3,6-trichloroanisole 20.6
biphenyl-dlO 20.7
geosmin 211
3,4,5-trichloroveratrole 24.4

Quantjfication
L

84
94
97
97
91
97
111
124
137
124
9%
91
195
210
164
112
240

F%nf?m%ory

relafive mtensmes)

o
—
H
(]
o
-
de)
(@]

(100)

124(100), (
137(100), 152(28), 24(
124(100), 95(27), 151(19)
95(100), 135(9), 168(3)

09(47), 780)
52(28

O
(&%)
—_
N
-
N—



ble 4.
%/I}/IKH%K?NSSFA%&EBERS FOR TARGET ODOUR COMPOUNDS RELATIVE

Ye%Factor **Res onse Factor  Detection

Compound mterna? angard %lgnlyré ngmLS
1-chlorodecane - 141
1-chlorohexane | 1.05 -
thiophene 0.67 (chlorohexane) 1.99 13
dimethyldisulficle 0.14 (chlorohexane) 1.90 1.0
2-methylthiophene 0.72 (chlorohexane) 3.54 2.5
3-methylthiophene 0.83 (chlorohexane) 3.75 2.5
2,5-dimethylthiophene 0.92 (chlorohexane) 1.50 1.2
2-ethylthiophene 0.78 (chlorohexane) 2.46 1.2
thioanisole 0.67 (chlorohexane) 1.42 2.6
2-isopropyl-3-methoxy pyrazine  0.07 (chlorodecane) 1.84 2.4
2-isobutyl-3-methoxy pyrazine  0.06 (chlorodecane) 2.28 24
2-methylisobomeol 0.07 (chlorodecane) 2.11 10
2.4 6-trichloroanisole 0.22 (chlorodecane) 0.86 1.2
2.3 6-trichloroanisole 0.24 (chlorodecane) 0.78 1.2
geosmin 0.11 (chlorodecane) 2.05 1.2
3 4 5-trichloroveratrole 0.03 (chlorodecane) 0.61 2.1

A g



3.0 RESULTS and DISCUSSION
3.1 CLOSED-LOOP STRIPPING / GAS CHROMATOGRAPHY
The results of ea_%xses of the CLSA ext rac ts and the co res onri ng internal st dar ecoiferres are

R?Wn In extractions were carr OUt In éju |ca € COVG e chlorocecane or
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h EILBeH |n ormatron Was 0 arne romt sec romat gr ms. he same trends were apparent |
chromatograms.

3.2 %Izll:_éi'& RY GAS CHROMATOGRAPHY OF CLOSED-LOOP STRIPPING

R suIt oftR)eLﬁlG aneses are su marrzedranabIe6 AIIeffIrrent ]sam Ie weredrlu ed 201wr

odour-free rror to extraction. There were a varie Ian ouso ur eaksa
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Table 5. CLOSED-LOOP STRIPPING - GC/MS RESULTS
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Table 6. OLFACTORY GAS CHROMATOGRAPHY FOR CLSA EXTRACTS

Site Odour Peak and Retention Time in Decimal Minutes

SULF garlic  CROIL SULF SULF IPMP

30 51 9.0 97 102 14

ARHWY40 +t
HCEFF# + *

AROBED + ++ +++ ++
ARWFALL  ++ + +

ANCEF#

MWEF# + + +
WCSTPEF# t+
ARBLUER T+t
ARUSPEMB

PEMBENAf

ARUSSMTH ttt
LESSERSLf

SLPEF* +

ARATHA + Tt
ATHSTPEF# ++ t

[PMP - Isopropylmethoxypyrazine

IBMP - isobutyimethoxypyrazine

SULF is a sulfury/septic odour

CROIL is a sulfiiry/mercaptan/crude oil odour
246TCA - 2,4,6-trichloroanisole

Intensities are on a six-point scale from + (very weak) to W+ »++ (very strong)

IBMP MB  246TCA Geosmin

166 167 200 2090
++

+

+++ ++

it
++
++
+++

++ 0+t

# Effluent sample
t Tributary sample
t Water Supply sample

continued
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Table 6
Site

ARUSALPAC
ALPACEFF#
ARUSLAB
LABICHEf
ARLMM
ARUSHOUSE

HOUSEf
ARUSFMCM

FMCMRAW
FMCMFIN#
FMCMSTP#
CLEARWATf
SUNCOREF#
ARUSFRBG
ARBIGPCM
FCHIPRAW

FCHIPFIN+

IPMP - isopropylmethoxypyrazin'e

IBMP - isobutylmethoxypyrazine

SULF is a sulfiuy/septic odour

CROIL is a sulfury/mercaptan/crude oil odour
246TCA-2 4 6-trichloroanisole

Intensities are on a six-point scale from + (very weak) to ++++++ (very strong)

Concluded.

Odour Peak and Retention Time in Decimal Minutes
CROIL SULF SULF
9.7

SULF garlic

++

IPMP
145
+

++

++

22

EBMP MB  246TCA Geosmin

16.6
+++

+H+

+++

i

167 200 2090
++ ++

4
+H++

4 ¥

++

++ ++

e 4t

+
+

+

+++

# Effluent sample
t Tributary sample
s Water Supply sample



3.3 E)%IFA%ECFRY GAS CHROMATOGRAPHY - DICHLOROMETHANE

h base/neutral extracts o thec m esam eserres ana zed bsy C In all. more than 80
IS mmcg r%)dou %P wgrg eegre:e 9 tﬁrs 37) éracts v?rrr]t }j\%ror hems
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%%rrve Rcll 2 t Peimbing |ve8pﬁ r? notpersrsta ardo natTeam as he SULEY

The only source of t OJL odour at inufes was HCEFF. This odour persisted as far
downstréam as Xﬁélgﬁgﬁ H‘has asu ury%cru eolrJ character. d

d246TCM¥ re not det cteﬂrn HCEFF or lfbA EFF hut were det ecte? in several ?fthg
é@@ unrcrpae W (f B e mainstem and tributaries. Geosmin 1S a natural product, an
nown fohe wr |s ributed.

&}godorérgpeakwas found 930mrnuteswr‘}a henolrc/ uI l}char ger Because |twas

finct peak It is dug to more com
evera ainst msamg* ﬁgﬁ%vgr%%tpr)g%rg toqbe specrofné UHH_EH:&L %é’ﬁs %t%ﬁr?an

munrcrpa uents orrn utarre
qu our do |n base utraI fractroriE |§38Br5j| kraft mrII ffluents currenr

ﬁéﬁﬁg oﬂ:ou acgomlve[rnsrrr &MS% former wasoger?v(ea ot?rﬁ-lggﬁsand
ter appearst € SpecIfic 10
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Table 7. BI{I-%JQSI\Y/IEC%AI-FAﬁEPEQMém?gAPHY RESULTS FOR

Site Odour Peak and Retention Time in Decimal Minutes
SULF1 SULF2 SULF3 SULF4 SULF5 SULF6 CROIL 246TCA Geosmin PH/PM

49 81 108 129 144 149

ARHWY40 +

HCEFF# +HH+ 44 ++ ++
AROBED e+ HHHE H tH
ARWFALL ++ 4+ 4 +4 +44
ANCEF# + 1+

MWEF# +++ ++ + ++
WCSTPEF#  + 44
ARBLUER A +4 ++
ARUSPEMB 0+

PEMBINAf + + +
ARUSSMTH  ++++ +++  ++ +H
LESSERSLt ++

SLPEF* ++
ARATHA

ATHSTPEF#  +++ ++4 +++ +

ARUSALPAC + 1t

SULF?2 - sulfury/alkyl sulfide

SULK? - oatmeal

SULF4 - sweaty socks

SULFS5 - skunky

SULFG - sulfury/onion

CROIL is a sulfury/mercaptan/crude oil odour
246TCA - 2,4 6-trichloroanisole

PH/PM - phenolic/pulp mill

Intensities are on a six-point scale from + (very weak) to u m i (very strong)

232 242 256  29-30

s
+++ tHit
++4
4+ t++
++
¥ +++
++ ¥
++ ++ +++
+ ¥ o ++
¥ +++
++ ¥ ++
++ ¥
¥ ¥
4t ¥ ++4
¥
TR ++

# Effluent sample
t Tributary sample
t Water Supply sample

continued ....



25
Table 7. Concluded.

Site Odour Peak and Retention Time in Decimal Minutes
SULFI SULF2 SULF3 SULF4 SULF5 SULF6 CROIL 246TCA Geosmin PH/PM
4.9 8.1 10.8 129 144 149 232 242 256 29-30

ALPACEFF#  +++  +++++ ++ ++

ARUSLAB + +4 ++4 + + + +4
LABICHEf ~ ++ o+ + rit
ARLMM + o+ ++ + + +4
ARUSHOUSE  ++ 4 +4+ o+ + +
HOUSEf ot + FHt
ARUSFMCM  +++  ++4 ¥ + n ' s
FMCMRAW ++ 14 '
FMCMFINt ++ + + + + 4
FMCMSTP#  + +4 ' .
CLEARWATE + +++ + +
SUNCOREF# + ++ +H+ tHt

ARUSFRBG  + +4 ++ +44 + + ++ +
ARBIGPCM  ++ ¢+ t++ +
FCHIPRAW +

FCHIPFINj: +

SULFI - sulfury _ # Effluent sample

gﬂtg :f)gltw](reyallalkyl wite gw;t%grtasrh/ps&ryglaemple

SULF4 - sweaty socks

SULFS5 - skunky

SULF® - sulfury/onion

CROIL is a sulfury/mercaptan/crude oil odour
246TCA - 2,4 6-trichloroanisole

PH/PM - phenolic/pulp mill

Intensities are on a six-point scale from + (very weak) to ++++++ (very strong)



3.4 FLAVOUR PROFILE ANALYSES

The flavour profilg Panel results are esenteri in Taple 8 dares nhmarrzedm Fi HresZ 84 which
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(.)[ 8 r|n e mainstem’ rrvera ough odour Intensities are'much lower than for samples collected In
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Table 8.

Sample

Site
ARHWY40
HCEFF
AROBED
ARWFALL
ANCEF
MWEF
WCSTPEF
ARBLUER
ARUSPEMB
PEMBINA
ARUSSMTH
LESSERSL
SLPEF
ARATHA
ATHSTPEF
ARUSALPAC
ALPACEFF
ARUSLAB
LABICHE
ARLMM
ARUSHOUSE
HOUSE
ARUSFMCM
FMCMRAW
FMCMFTN
FMCMSTP
CLEARWAT
SUNCOREF
ARUSFRBG
ARBIGPCM
FCHIPRAW
FCHIPFIN
n&p - pulp & paper
chem - chemical
Veg - vegetation
0rg - organic
hydro - hydrocarbon
med - medicinal
chlor - chlorine

Panelist 1
Descriptor
Veg

septic

septic
musty/septic
musty
seaweed
musty/dusty
sewage/muddy
septic/sewage
Veg

septic

Veg

cardboard
septic
sweet/veg
septic/cardboard
muddy/musty
septic/mudy
grassy/veg
wooa/skunky
septic/sewage
Veg
septic/sevv_a%e
sewage/caidooard
chlorine
soapy
Veg/grass
chem

septic

chem

ve?

chlorine

9

o1~ —
1o

U1 pO O
o

o o1 -~ O
o o

— o1
o o

o1 o1

Panelist 2

ntensity Descriptor

turnip

septic/musty
septic/dusty
septic
septic/musty
dusty

fresh
earthy/musty
sweet/ve;;
swampy/grassy
nutty
septiclresin
septic/musty
dusty/swampy
mustg/septlc
marshy
resin/septic
resin/septic
chlorine
nutty

resin

chem

septic
musty/septic
ve([; _
chlorine

Intensity

125

N o1
(351 o1 o

O1pO C101 —

Panelist 3
Descriptor
earthy
septic/swampy/p&p
septic/swampy/p&p
septic/sulfiirous
grassy/musty
septiclearthy
flowery/dusty
earthy/septic
woody/septic
earthy
earthy/grass
earthy/woody
sharp/chem
septic/woody
flowe?/
septic/woody
earthy/chem
septic/woody
musty/rotten veg
septic/woody
septic

grassy

septic

septic

chlorine
odorless
marshy
cardboard
septic
septic/grassy
ve? .

chlorine

continued ...

UNIVERSITY OF ALBERTA FLAVOUR PROFILE PANEL RESULTS

Intensity
0.5

o o1 o o1 o1 ol ool sl

ol ol

o
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Table 8. Concluded.
Sample Panelist 4 ~ Panelist 5 Standard
Site Descriptor Intensity  Descriptor Intensity MEAN  Deviation
ARHWY40 odourless 0 swampy 05 0.38 0.25
HCEEF septic/resin 15 woody 0.5 1.25 0.65
AROBED sour/resin 15 septic 1 1.50 0.71
ARWFALL septic/woody 1 septic 2 169 {047
ANCEF musty 1 smoky 1 0.81 0.24
MWEF veg/foul 15 - . 144 0.13
WCSTPEF septic/marshy 0.5 earthy 125 081 0.38
ARBLUER resin/woody 15 - : 1.25 050
ARUSPEMB resin/woody 1 1.25 0.20
PEMBINA mus dy/sharp tr 0.65 0.44
ARUSSMTH W00 0.5 106 {052
LESSERSL musty/sharE tr 0.20 0.20
SLPEF musty/chalky 1 - 0.78 0.61
ARATHA woody/septic 1 swampy/sepnc 175 130 {03
ATHSTPEF musty/foul 05 earthy/sweet 0.75 055 0.11
ARUSALPAC resin/septic 2 earthy/swampy 125 130 0.48
ALPACEFF burntrubber 2 rubber/chem 2 1.40 0.55
ARUSLAB woodr 1 septic/resin 2 1.40 0.58
LABICHE veg/flowe dy 15 musty L5 175 0.25
ARLMM resm/woo y 15 septic/woody 2 145 {037
ARUSHOUSE resin/septic 1 septic 15 1.50 0.61
HOUSE veg/musty 1 earthy/grassy 0.75  0.75 0.25
ARUSFMCM woody/resin 1 septic 2 1.55 0.70
FMCMRAW woody/resin 1 septic 1 1.25 0.45
FMCMFIN chlorine 2 chlorine 125 180 0.38
FMCMSTP septic/sewage 1 soap 025  0.50 0.51
CLEARWAT Veg 0.5 earthy 1 0.90 0.42
SUNCOREF hydrocarbon 2.5 hydrocarbon 225  2.20 0.54
ARUSFRBG resin/septic 0.5 swampy/septic 1 0.95 0.23
ARBIGPCM wetcardboard 1 woody 1 110 {02
FCHIPRAW odorless 0 chalky 05 032 {02
FCHIPFIN chlorine 15 chlorine 15 1.60 0.65

p&p - pulp & paper

chem - chemical
Ve( - vegetation
org - organic

hydro - hydrocarbon

med - medicinal
chlor - chlorine
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Figure 2. FLAVOUR PROFILE ANALYSES SUMMARY FOR FIRST 11 SAMPLING SITES
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! sr? ort su Hzes olfactory GC, CLSA/GC/MS and FPA results, but the three methods are
ItTicu to correlate because;
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5.0 RECOMMENDATIONS
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7.0 APPENDIX A:  TERMS OF REFERENCE

NORTHERN RIVER BASINS STUDY
SCHEDULE A - TERMS OF REFERENCE
Project 4413-CL: )Q/lgtaeg) Taste and Odour Study, Athabasca River 1993/94 (Post-
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