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, Concern about fish tainting (bff—flayors"in

fish) has been raised“becauseCOf the possibility thatgf

Nt

wastewaters from the oil sands- extraction process will be

discharged: into the Athabasca River in northeastern

' Alberta ‘ _“' Y

In order to investigate the potential for fish
tainting, rainbow trout were" exposed i4? 24 hours to four

different tailings pond ‘derived walstewaters 'at the

' Syncrude Canada Ltd. plant, located north ¢f Fort

' McMurray, Alberta. After 24 hours  the fish were

A

sacrifi“\d and filLeted ‘Bile was drawn from the‘gall

bladder. Hoth fillet and bile samples were immediately

frozen and stored: for later analysist . A

Twenty—five, people were screened for their
v : \ '

ability to taste and ‘smell ‘various substances. Ten of

»

*

the b!st applicants were chosen for the sensory panel

Sensory'analysis revealed that” all four tailings pond_

L

:'deriveq.wastewaters signi}icantlyntainted fish.

Fish- exposw fish bile and fish fillet =

n

tissue were chemically analyzed for petroleum compounds
3 -

~The exposure'waters were .solvent extracted'under base and

acid conditions.

.Raw bile was analyzed for polyaromatic'

hydrocarbons by high pressure liquid chromatography with

mr§\J'

ar



.
-

1 enzymatic hydrolysis in order ‘to an lyze for- metabolites

of petroleum compounds.

- el . \?\\'
\ ' | “/ |
"

/ . N ,‘ .
fluoreScence detection. Other bije samples underwent

extracted : The- extracts wef?‘;'~“ﬂ‘
permeation and florisil col‘”
petroleum compounds from fi”h lipids

Analysis of the tailings pond waters revealed"

R N the presence of alkylated benzenes, alkylated phenols and- -

N [ N .
Organic sulphur compounds such as benzothiophene and.

dibenzotrkiophene.- Analysis of the mo.st tainted flSh"

. revealed the presence of phenol, cresols and dlmethyl

phenols,in;both ‘the hydrolyzed bile and tissue. The -

total concentration‘ofidimethyl phenois in the tissue was

*

well above reported sensory threshold levels. However,
’ y

because of the presence of other petroleum compounds in
the wastewaters and fish tiisue,‘it‘is unlikely that the
phenols were solely fesponsible for the very strong taint

that was detected., )

A correspondence was found Dbetween

~c0ncentrations_of organic sulphur compounds in the .

' exposure waters'andsthe detectability of taint in the

fish tiSsue.
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. . : A ,
> . Approximately 90% ofxCanada's cil supply.ie contained
| -in heavy Qi} deposits, ' the majority-of which_ate'located,'
in the. oil sands deposits of” Alberta. 0il eands are
.characterized by unconsclfdated'clayS‘and sandsisaterated-

‘with highly viscous hydfocarbbns. The Alberta oil sands,

.loeated in fourtmajot deposits, are estimated- to contain
"150.4 109 m3 of heavy 0il or bitumen. g

- The Athabasca\éii-sand deposit is ‘the largest in
Alberta, coverlng an area of apprcximately‘31,600 km2,
nbrthhof Fort Mchrray' Currently thie depceit is being
surface mined, and the bltumen extracted and gpgraded to
. synthetlc crude by Syncrude Canada Ltd and Suncor Inc.

Flgure 1 prov1des a' map depicting the location of the two"

. plants, g1v1ng greater.detall for the Syncrude operatlon

Accordlng to Boerger ‘and 'Aleksiuk. (rL.987),

‘\' \

Syncrude produces ov\r 6.4 x 106 m3 of synthetic crude

annually from this- dep sit, which results in an annual

e

productlon of 100 x 106 m3 of tox1c wastewater which is
‘stored in a " tailinds pond. Currently 70% of thisX;}
wastewater 1is recy led, reéﬁlting in a ‘net annual
‘accumulation:of'20—3 X 106 m3 wastewater in the tailings
pcnd, The tailings ond. may eventually hold 450 x 106 m3

;'of wasteQatet with /a final depth of 70 meters (MacKinnon

o

and Boerger 1986} . r
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_ The maggrial originally displayed'on.thié pége.hasb

‘been removed gfte to the unévailability of copyright
| permissionl N

. N o -
The material that was removed contained a map:

-~

showihg.ﬁhe location .of the Suncor Inc. and Syncrude

' Canada Ltd: oil sand wextraction plants located north~of
o B

' Fort McMurray, Alberta. _"' - v

The original source of this material is: =

MacKihnon, M.D. 1986.-Environmental Aspects of waste
\ water management at an oil sands development in
*N\ northern Alberta. In: Proceedings of S.P.I.B.
Conference ofA "Northern Hydrocarbon

Development, Environmental Problem Solving”,

» Sept. 24-26, 1986. Banff, Alberta. 18 pp.

. L B '

I
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' Eventually the entire mining site including the

tailings pond must be decommissioned\fnd decontaminated:

7

i'Qné dptibn.under consideration’ is disqhargé‘of the
tailings pond water into Fhé~ﬁea;5y Apbabaﬁfa Rivéri
EConcé:ns have beén ;aised in fhis respect qbdut the need
, té profect the Atﬁabasca‘River fishery, in.particularfghe
potential for fish‘tainting (off-flavors ih,fish)-ak'a

.

result of tailings. pond contaminants.

K
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2.1 .PROBLEM STATEMENT

In the production of synthetic crude oil from oil

sands, bitumen is extracted from the safd grain matrix by

\

the .éddition- of cauéﬁiq'vhot wate}, and steam '}n 'a;
»cqhditioning drum; From here the mixture is discharged .
into separation cells whéreﬂthe,s;ha grains separate by
gfévity to\producé a ‘bottom tailings 'stream. Additiqnal
bitumen is extracted fraom the remaining susbended clay
fineS‘and Watef mixturé byjalévflotatipﬂ. fhis bitumen,
plus the® initially recqvatedibitumen froth is diluted with .
raw naphtha and then centrifuged, proéuqihg another watér—
“sludge.effluént: ' i SR - . : " o
‘_"This bitﬁmen"éxtraction pioCesé, called the
"Clarklhof water proéess".requires apprpximateiyki.S’m3 Qf
water -per"tonné. of oil sand feéd.ﬂ" The, res&lting
wastewater is a slqr:yAOf water, solids and non-extracted

bitumen, 50:50:1 by weight (MacKinnSh 1986) . In addition

there is some contamination from the diluent naptha.

o

- Bitumen extracted from the oil sand is unsuitable
£

for pipeline shipment becguSe of its hié%*viscosity and
.“high’ sulphur _coﬁgent;_l Therefore, - on-site upgrading

facilitiés crack the high molécular weight bitumen ~
. L .o '4 L
molecules by coking processes to Produce ‘lighter

’



Synthetic crude oil. | The .water us?s and resulting
e o .
waetewaters from bitumen upgrading :Ll'similar'to those

of a petroleum refinery, namely,vp "d“sé condensates,w

Suncor (formerly callf“ﬂ*Great d Mhiﬁan 01l Sands
- GCOS). was the’ first plant in operation. Their operating

licence allows for the discharge of upgrading plant

wastewaters after certaln treatment procedures

At'present Syncrude foL}éws a "zero’ discharge'
policy, in which no process waterg are discharged to the
Athabasca River. All~“oil sand extraction and upgrading
. - . Jr , o~ ' ) ) R

effluents are stored in the tailings pond. 'ACCording to

their operating permit, however, Syncrude is requiredﬁto

" conduct research into the reclamation of the tailings pond

£

area so that it can be reclaimed as a viable water body

after abandonment, or safely discharged into surrounding
surface_waters (Mackinnon and Retallack 1981). -
Aska future tailings pond management option,
Syncrude;is considering dischargingicertain tYpes of
tailings pondlwastewatérs} Apart from problems of acute

toxicity to aquatic organisms, which have been previously

researched (Boerger and Aieksiuk'1987), questions have

“been-raised.concerning the potential for fish tainting

¥

\ , - ot

4



, , .
from these tailings pond wastewaters. Currently tpere are
no"published studies evaluating the . fish t&inting
potential of tailings pond wastewaters ' . |

2.2 TERMS OF REFERENCE

)

L]

2.2.1 Iailings.?.ond.ﬂas.teuatsr_rzp_es To evaluate the

‘tainting potential of tailings pond wastewaters, rainbow

trout (Salmo gairdnerl) were exposed ta one o)\the

following: . ' ’ , L ) -

1. Six percent fresh whole tailings pond ;ater”QG%).
Since tailings pohd water is acutely toxic at 7 - 10%
(gacxinnon and Boerger 1986), whole tailings pond
water was diluted to a.finai strength of 6% by the

- addition of Syncrude's dechlorinated tap water.

2. One year stored tailings pond water (iYR).

According to MacKinnon and‘Boerger (1986) natural

detox1fication of surface tailings pond water _occurs

over a period of 12 months when left w1thout any

additional wastewater input in shailow, well aerated_

pits. The result is a non-acutely toxic :water. Fish

were expected to survive in full ‘strength one year

stored tailings water for the duration of a 96 hour

LC5o bioassay test. (
y -

3. Treated tailings pond water (TTP). According .to

6
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MacKinnon and Boéféer (1986), tailings pond water can
be detoxif{gd rapidly by chemical téfatment'which
invélves coagulation at a pﬁi‘bétween 4.5 - 5.0,
,foll;wed by flocculation with an anionic
golyelect;olyte.' Usiﬁg7this method, Makinnon and
Bﬁergér (1986) report 106% survival of rainbow trout
exposed to full strength treated tailings‘;ond water

during-a 96 hour static bioassay.

4, Catchment basin water (CB). The tailings pond

dyke 1is made of sand which allows for some outward.

seepage to occur. Dyke-drainage waters are collected

in ditches on the perimefer of the tai‘lings.ponc‘j,~

which then drain intq. a catéhmentibasin.‘ Togéther

with inputs of precipitation sand fﬁ;—off, this
maté}ial'is,pumped back into the tailings pond.

The four tailings pond waters that were used in

this project do not pose acute toxicity risks for aquatic

organisms in the Athabasca River. However none of them

T - - - -

had been tested for their ability to taint fish. ¢

. ) [ ] i
2.2.2  Eish and Exposure-watérs Evaluation. Sensory
' - ‘ \ 3

evaluation, the main focus of this project, was performed
N

on -all fish which had been exposéd to tailings pond

waters. Exposed fish having a detectable taint had their

)

tissue and bile analyz?d for those petroleum compounds



that have been reported to pétentially taint fish. Fish
exposure waters were analyzed for base—neutral and acid

extractable compounds.

.2.3 . | TAILINGS POND DESCRIPTION

Syncrude began operations in mid-1978 and exéects
to have an operational lifespan of 25 years, ultimately
producing over one billion barrels (1.6 x 108 m3) of otl.
In the prééess, as part of their “"zer discharge policy",&
the tailings pond will coflginﬁe to gro‘l'

By the end of 1985 the water surface of the
tailings pond covered an area of approximately 14 km2, had
depths approaching 40 meters, and had a pond vol;me of
2.0 x 1081m3 (MacKinﬁon énd Boerger 1986). )

The pond consists of an upper zdne of free water
which has a concentration of solids less than 1%. The
sludge zone, located below 10 meters depth, contains up- to
45% solidsrwhich result from settling and consolidatién of

the fines added to the pond. The tailings pond profile is

illustrated in Figure 2.



NOTE:,
The material ‘originally displayed'on this page has

been removed due to the unavailability of copyright

permission. )

)

The material that was removed contained an
illustration showing a profile of the tailings pond at
Syncrude Canada Ltd.

The original source of this material is:

o

MacKinnbn, M.D. and H. Boerger. 1986. Description of two

: trealment methods for detoxifying oil sands

b tailings pond water. Water Pollution Research
Journal of Canada. 21(4)496-512. '



3.1+ . REPORTS OF PAST OIL TAINTING INCIDENTS

ﬁ"Fish taintlng i,nc:.dents caused by petroleum-

\'icompound-s have, lpeen rep.orted since the ‘world- w:Ldef

<

"establishment of oilf‘ reflnerles and petrochemlcal"

e
)J.ndustrles w1th thelr correspondlng wastewater dlscharges
into freshyater and’ marlne systems ) |
| In the- early l950'-s‘an-01ly flavor was "'.repvorted
‘_ in flsh caught J.n the Bow. Rlver downstream from Calgary,
. ;, Alberta In a study by the Alberta Department of“Health
(Anonv - 1’958), ralnbow trout were, exposed to ‘varlous .
.dll‘htlone of effluent from ‘a local reflnery When exposed
:for 24 48 hours to 1% and 5% concentratlons of API
.separator effluent, flSh were found to have an o:Lly
f'lavor API separator effluent contalns the waterv‘-%oluble
A‘.fralction of oil. In a follow—upv study, Krlshnaswaml and
”Kupohanko‘\ (l969) e'xposed 5 ralnbow t‘rOut to, a C‘algary";‘:
vrefwinery API separator’ e’ffluent for 6 - 24 ‘h‘ours, ‘which
resulted in a detectable taint as determlned by a five
member sensory panel |

o

In the sxlng of 1972, fish .caught under the 1ce-'.'-
m _
v-in the Athabasca Rlver downstream from Jasper, Alberta

”were judged unf:Lt to eat by sport flshermen,-‘ Wthh |

'prompted A-ckman and . Noble (-1973=) to analyze ‘the flSh.

V I
- .Ff"-,
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(mainly whlteflsh*hnspec1es not reported) for the presence n

of talnting compounds Steam dlstillation of fish tgssue

revealed the presence of hy%gqgarbons (n- alkanes) i
3 talnted flSh s1m1§ar in appearence to'those from ‘a sample
of diesel oil “%ﬁromatograms of extracts from untainted

'control flSh caught 1n Lake Mlnnewanka dld not reveal a

* -

31m11ar pattern. Dlesel 011 entfrlng the Athabasca River
fthrough a dlscha ‘3e pipe located below the Canadian_

Nationaliﬁailway yards in Jasper‘was vupy~2cted of being'

‘responsible for the detected taint.

During the winter of 1981—1552 a.series of
)

aCC1dents took place at the Suncor Inc. oil sands plant in ’

'pnortheastern Alberta, whereby stbstantlal volumes of

petroleum compounds were dlscharged into the Athabasca

‘Rlver. Subsrstence‘and commerc1al flshermen as far away

L4

’ as'Lake Athabasca, 300 km downstream from the discharge .-

p01nt complalned about walleye and whlteflsh having an

.odor and taste s1m11ar to kerosene' The 1982 commercial

_frsherquas forced to\close. Experlmental tainting’

S ) -
'studiesz’at; the Freshwater Instltute, Department of.m

Flsheries and Oceans, Wlnnlpeg,,Manitoba confirmed that
the materlal dlscharged by Suncor could taint fish after

only a feW'hours exposure (Hamllton.et al. 1987) Suncor

was eventually charged'and.conviCted under the Fisherlesf

the

e
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Act on three counts of releasing a substance deleterious

“to a fishery“{Hrudéy and'Nelson 1986) .

In Michigan, Fetterolf (1964) responded to
complaints_ of ,fish tainting {in particular tainted

walreye) occurring under.ice during winter. He obtained

untainted rainbow ‘trout from a local fish'hatcheryﬁandl

. - ‘ {
transported them to the complaint site. by truck. Cages

were Suspended 0.6 m’tres under the lake ice in'a location
J

where the flSh woul@ be exposed to the refinery effluent

plume The flSh were exposed for “swo weeks. Talntlng was

confirmed by five tralned judges uslng a rating scale from

1 - 7, based‘on fish flavor and aroma.' No statistical

comparlson of the sensory results, nor any‘analysis of

petroleum compounds in lake water orxr flSh tissue were

_ performed. However, a»fluorescent dye released in the

refinery effluent on two-occasions'was found both times in

’the complalnt area two days later.

After a diesel 01lsplll of more than 2000 litres

in a NOrthern Ireland river,farea fishermen complained

“that thé fish were 1ned1ble due to a strong diesel fuel.

taint..Mackle et al. (1972) analyzed brown trout (Salmo
> » ‘

trutta L.)'caught'nineldays after the splll. Samples of

o

- exposed trout .were cooked for sensory analysis and

compared to control trout  The trout flesh Suspected of
’ . : ’

being talnted had an aroma and taste str gly reminiscent

e i

hY

N

N



of diesel fuel o0il, whereas the control trout did not..

Additional fish were eviscerated, minced and éblvent

‘extracted for chemical analysis. The_resultant,extract was -

ffactionated into petroledm compounds aqq_fisb iiﬁiq by
repeated e;ﬁtion thrbugh'a siliciag acid*Cblumn.' GC) GC—M$
'(:efer to the List 6?'Abpreviations) feQeéled the presence
_of ﬁydrbcarbdns (h;alganes)vin tainted. fish gimilar to
those in diesel fuel. Thege were not present in~un;ainted
insh; No éfomét%g‘hydrocarboﬁs Qeré iQentified:by this
.method. Neither:n-alkane concentrations,-hof‘perCent

. recovery were determined.

4

Australian mulletAwere found on occasion to smell

like kerosene by Vale et al. (1970).  Further work by
- . - . L. O . .

Shipton et al. (1970) foundythat volatile.compounds

extracted from the tainted fish by vacuum .sublimation were -

. very simiiar; both’qualitati&elyvand quantitatively to
those in a}commércial kerosene sample when &nalyzed by‘GC,
GC-MS. They identified mainly alkanes with éﬁsmall

quantity of aromatics.

o : . :
The resuléﬂg of Shipton et al. (1970) were

Aconfirmed by Connell (1974).rMulletnwere caught, cleaned,

.wrapped in aluminum foil and stored at below 0 oc prior to.

examination. Sensoryvanalysis was performed by placing

fish‘fillets'in.boiling water and asggssing whether - a

11

'taint was detectable in the'prodhced vapors. Those fillets
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with the resultant volatile fraction analyged by GC, GC—

MS. . Connell thereby'identified n—alkanes in the tainted .

N fillets similar to those found in kerosene.

In Japan, as early as the 1950 s, marine fish

caught near coastal petroleum—related industries Mere :

@
reported to have obnoxious odors (0Ogata and Miyake, 1973)

Deshimaru (1971, cited by.Ogata and Miyake 1975) reported
** an oilyuodor in fish after they'ﬁere exposed to 0il added
to flowing water.

Ogata and'Miyake (1973) identified toluene as'a
o . \ : ) \

compound with tainting potential. They exposed eels to

‘seawater containingﬁtoluene and found the aad the.same
odor as eels caughtlnear.oil refineries ilucated on the
_Japanese coast.

'3v Ogata and Miyake'(l975) exposed eels for 1, 3,
and 7 days to Arabian Light Crude diluted to 800 ppm with

freshwater. The eels were prepared for sensory analysis

oo

by peelingﬂtheir skinzoff and cutting their flesh in’

slices. The slices were cooked in bOiling water with salt
for a few minutes,‘andbthen-presented to a sensory panel.

In blind tests, six panelists found that the'eels tasted

bitter and had an oily smell. Eels exposed to crud§ 0il

for 7 days had a stronger oil- like odor and bitter taste

&>

:than those egposed for 1 and 3 days. Volatile organic:

S
A3

identified as tainted were subjected to steam distillation

“ 14



compounds were purged from-the eel flesh by a stream ofr’

inert gas. Analysis of the volatile compounds ‘occupying.

the head space above the purged tissue revealed the

presence of benzehe, toluene and o, m, and p—xylene in the .

tainted eels, the concentrations of which increased with
. exposure €§me. These compounds were not detected, or

barely detected in control eels raised in clean water.

Ogata et al.'(J977),exposed eeIs to 1000 ppm

Arabian Light Crude. Sensory analysis was performed as in

Ogata and Miyake (1975) . -All judges~detected'obnoxious

-

odors in flesh from the exposed eelsy Eel tissue‘samples_

were‘saponified, fractionated, and then‘analyzed by gas
and thin lafer chromatography. Results revealed the
presence ofiparaffins‘(alkanes),ias well as ben?ene,
toluene; and o, m, and p Xxylene, Analysis by GC-FPD
revealed the “presence of organic sulphur compounds

Further research was performéd by Ogata and
Miyake (1978, 1980), and Ogata and Fujisawa (1983, 1985).
Eels, oySters.and mussels wereeexposed;to/petroleum

samples, -then sacrificed, the;r'flesh.homogenized and

saponified Petroleum compoundS‘were separated from lipid

material using’ 5111ca gel alumina column chromatography'

\
These extracts, analyzed by GC-FID/FPD, -and GC-MS

confirmed the 'transferabllity' of potential tainting

petroleum compounds such,as alk¥{ated benzothiophenesaand

Q

Y



dibenzothiophenes, ‘and alkylated benzenes to ‘marine

organisms, including marine fish. . . }/
.The work of Ogaré ‘and Miyake (1975, 1978, 1980),

. . [ 4
Ogata et al. (1977), and Ogata and Fujisawa (1983, 1985)

is supported by Jardine and Hrudey "(1987) who.performed

sensory‘evaluation on'walleye‘muscle tissue to which Sest
.compounds had been added, and found detection\thresholds
of 9 mg/kg for p- xylene, 4.67 mQ?kg‘for dibenzothiophene;

,and 0.12 and 0.09 mg/kg for benzothiophene.

~ Naish and Brouzes (1980)" exposed rainbow trout to
VafiouS'pulp-and paper effluents. They subsequentIy

digested the fish tlssue at high pH and extracted organic

compounds with hexane or ether, followed by florisil

separation-cleanup with ether eluant. For wastewéter

..

characterization they u¥ed acid extraction into diethyl

ether and florisil separation. A well trained sensory

~

panel was employed with proper sampling facilities. They

. ( .
found the process stream which contained both totally

feduced‘snlphur.compoundS‘and phenol from the recpvery

flue ges caused . the greatest taint. Even though the fisn

‘for tissue extraction were placed 1n the max1mum sublethal

concentration of the effluent, they could not find the ¢

-

zcompounds in  the tissue. Either the méthod used was

insensitive to isolating the tainting compounds, or the

. compounds .responsible for*the~taint do so at a very low

16
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concentration. Their experiehcé certainfy,iIIUStratgs
that fish tainting may, oc?ur at leve}s below. the
" analytical limit ‘of most instruments. i |

Phenol, invconcentrationS'ranging.frdm 10 to
4,500 ppb, has been idenﬁified as tﬁe predomiﬁant ériority
:pollutant in the aci@—ffaction'df Caqaqﬁan pétroleuﬁ
iﬁdustry effluents  (PACE 1981, cited M} Héggesheimgr.et
al. 1984).. Winston (1959, cited by/F.‘et_ter'olﬁ“ 196‘4),. found
.fish‘were tainted wheh exposed to 1 mg/L pheh&LMa .

Shpmway.ahd Palensky '(1973) repqrtlthat rainbow

trout were tainted after. 48 hours- exposure tbiO.Z,mg/L and

0.12 mg/L m- and p—éresol,'respectively, énd after 96

hours exposure to 0.45 mg/L o-crésol. Bandt K1955, cited
by Persson 1984) reports that exposure to ilmg/L of 2,14

and 2,5 énd'3,5 dimethyl phenol created a taint in roach

(Rutilus rutilus L.), and exposure to 5 mg/L 3,4 dimethyl

'phenol“tainted carp (Cyprinus carpio L). Durations of the
dimethyl phenol exposufes.were'not reported.

Much of the reported literature on pheﬂbl;induced

tainting occurred before any widespread use of v~liable

analytical techniques for trace organics detect" ..i. Some
of the threshold levels reported are there® rc f
questionable accuracy. ‘However the potential it~ phenols

to taint fish is notable and begs further testing.

17
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Jardine and Hrudéy-(1987) repprtva détection
.threshoid of 0.21 mg/kg fo; 2,5 dimethyl phenol which had
been added to 'walleye flesh.. This tﬁ;eshold is
substahtiaily lower than tﬂe thrésholds they reported for
p-xyleﬂe'apd dibenzbéhibphene; and comparable ﬁd the
_threshéld the; reported for beﬁzéﬁhiopbene. ﬁﬁ;f |
| Table 1:provides structural formulae ofmcompounds
. from petroleum iﬁdusf}y effluents which were idéhtified as

potential tainttng compounds in the invéstigations

reviewed in this section; and in fish tainting reviews by

j —

Connell and Miller -(1981), and Motohiro (1983) .

v

18



" Table 1. Sample of compounds reported to taint fish

are present in petroleum industry effluents.

which

toluene
N\ . CH,
xylenes
- example: 3-xylene
' ‘ CH,
_ " OH . '
phenol : ' . "4\\

OH

 cresols . ' (”
- example: 3—-cresol: A;) cH
ekt

4

OH

dimethyl phenols - - '
- example: 3, 4-dimethyl phenol o
e . ’ ,
CH,
benzothiophene ’ A -
- and alkylated derivatives \ ﬂ "
s

dibenzothlophtne . ‘ A~
- and alkylated derivatives Ei:[j:l:jj
v "N
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3.2 TAINTING COMPOUNDS IN TAILINGS POND:WASTEWATERS

Birkholz et al. (1987) analyzed the water-soluble |

%

fractionvof a wastewater oil sample from the Suucor oil
sands plant.’ Tuis wastewater discharge draws primarily
from the situmen upgrading portion of ‘the plant. They
found aromatic compounds tq be the predomrﬂamt group of
petroleum compounda in this water soluble fraction. Table
.2~proyides a comparison of the water solubllity of various
pefroleum compounda.t'Accordind‘to Birkholz eﬁ al. (1987)
the water-soluble fraction of oil\is of parricular concern
because it can achieve intimate contact with fish and

other pelagic grganisms, and this fraction is not removed

by gravity oil separation dev1ces.._In this fractlon they

.identified and absolutely confirmed the presence of

v

]

alkylated benzenes including o, and: m—xylene, alkylated

*

benzothiophenes and dlbenzothiophenes

v

Auailibility of the water-solubleﬁfraction of oil
to fish is _supportea by Murray et al. "(1984) . Using
"purge, and,‘trap"t.head space analysis, Murray et al.

determined that fish exposed to 100 ppm Norman Wells crude

o N _ , .
. contained the same compounds in their tissue as in the

water-soluble fractlon of the crude oil.
Ritchie et al. (1979) pyrolylzed Athabasca

bitumen asphaltene at 350, 500, and 800,°C,_and performed

GC-MS analysis on the condensible volatiles. He identified

. ¢ - .
. 7
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Table 2., WVater so;ubili;y of selected petroléum compounds.

>

WATER WATER

SOLUBILITY TEMPERATURE
COMPOUND (mg/L) at (°C) REFERENCE
n-pentane 47.6 25 Polahhsnd Lu (19735
2,4-dimethyl
pentane 5.5 25 Polak and Lu (1973)
n-hexane 12 .4 25 Polak and Lu (1973)
N § : . ' .
2,2,5-trimethyl
hexane " : .0.54 25. Polak and Lu (1973)
n-octane . 0.85 25 " Polak and Lu (1973)
benzene 1,755. 25 Polak and Lu (1973)
~ toluene f573' - 25 Polak pnd Lu (1973)
4-xylene 185.. - 25 Polak and Lu (1973)
naphthalene 30. NP2 Vassilaros et al. (1982)
anthiracene - 0.04 . NP Vassilaros et al. (1982)
benz [§] - ‘
anthracene 0..01 - NP Vassilaros et al. (1982)
benzo- = . ' . K
thiophene 113. | NP  Vassilaros et al. (1982)
dibenzo- _
thiophene 1.7 . NP Vassilaros et al. (1982)
Phenol 82,000. 15 - Verschueren (1983)
4-cresol 24,000l 40 . Verschueren (1983)
2,4 dimethyl . .
phenol 7,867. : 25 Banerjee et al. (1980)
aNP - Temperature at which solubility measured was not

provided. :
‘ S



a number of aromatics including alkyiated benzothiophenes,
Alkylated dibenzothiophenes, and the most abundant -
alkylated benzenes. The procedure used‘by Ritchie‘et al.
‘(1969) is not speq;fically used at Syncrude or éuncor,
(1986),lhowever'botn.plants ao use high temperature c?king
to convert bitumen to synthetic crude. StrOSherénddéiaké
(1976) conducted a detailed survey of Great Canadian 0il
Sands (GCOS - now Suncor) wastewaters. They found 3.0 -
. 3.8 mg/L (cohplex) phenols in the tailings S?nd dyke
drainage, and 0.18 mg/L (simplei phernols in the upgrading
ﬁlant wastewater. Strosher and Peake (1978) fouhd 0.11 -
'0.19 mg/L phenols in Suncor upgrading plant wastewatexs.
Hrudey et al (i976) report 0.030 mg/L (simple¥
phenols in GCOS'(Suncor) tailings pond dyke drainage water

and 0.012 mg/L phenols in the bitumen upgrading plant

effluent.

Hargesheimer et al. (1984) identified 31.0 -

152.0 ppb (Mg/L) phenol, 25.0 - 122.0 ppb cresols and
dimethyl phenols (nq concentration giveﬁ) in Synéruda
tailings pond waters s;Tpled‘betweeg\Zv— 15 metre depths.
As well they measured 2.0 ppb phenol and less than 1 ppb
c;esols in tailings pond dyke drainage. The catchment
basin contained.less thén 1 ppb phenel and cresols.
Maékinnon and Bbergér (i986)‘anaiyzed tailings

pond water and report 0.15 ppm‘(mg7L) phenols in fresh

-
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tailing pond water; 0.01 ppm phenols iﬁ tailings pond
water after one year of storage; the same after two years
storage; and 0.13 ppﬁ phenols in tailings pond waﬁer after
chemical treatment by aéidifiéation followed by
flocculation with an anionic polyelectrolyte.

The differences in reported phenol leveléilikely

reflects differehces in precision and accuracy of various

analytical techniques used.

~

3.3 UPTAKE OF PETROLEUM COMPOU?\IDS- BY FISH

. Uptake of petroleum compounds by fish can occur
via gills, epidermis, and the alimentarywcanal. Fo;
»marine ffsh, uptake via the aliﬁentary canal provides an
important hyd:déarbon,cqntribution;since they are required
tokdninkylarge volumes of seawater for osmoregulation.
Most séﬁrces éonsider gill uptake.the primary uptake route

+in freshwater fish (Persson 1984). Their conclusion 1is

based on finding the highest concentration of petroleum‘

compounds in the gills and liver of exposed fish.-Uptake

of petroleum compounds via'the alimentary canal would

occur during feeding} /

Uptake of petroleum compounds also yariés between
freshwater fish species, depending on habitat and food
source. For example in the Athabasca River, twolimportant

4
commercial fish are walleye (Stizostedion viéreum) and

lake whitefish (Coregonus clupeaformis). Walleye are’



B . |
' predators'inhabiting‘the.entire_water column,fwhereas
‘whitefish are'fbottom feeders. Because of'"their

differences in habitat and food source, one mlght expect‘

24

| ;differences ‘in their uptake of petroleum compounds and

thelr subsequent talntlng potentlal

Connell and Miller (1981) reported that there was'

- greater storage of aromatlc hydrocarbons in llpld—rlch

~than in lipld poorfflsh spec1es because of the affinity
k

’between hydrocarbon and lipld materlals Llpld rich 1ake
0,
"whiteflsh and ralnbow trout therefore may be more

susceptlble than Jeaner fish- spec1es such as walleye to
“a petroleum tainting.- -
The rate of‘uptakeyofhodorecausing petroleum

- compounds in flsh can be quité rapid=<lnvfactsa'detectabIe

*Qrtaint may occ r wlth;n mlnutes of exposure (Shumway‘and

e

,‘Palensky,_1973) ' The rate of uptake is affected‘by

factors such as compound concentratlon, locatlon of - the

:‘petroleum compounds w1th respect to 1ocatlon in the water

'column or sedlments, exposure duratlon, water temperature\\

,the frsh speples and the phy51olog1cal state of the flSh
 (Persson 1984) . ' ' |
b'Synergism?fin*yhich’theveffect'o?‘two'orpyore

substances occurring together is.greater than the simple
) . . . . ) S v »

yaddition df_thelefféCts of thelsubstances if they occurred

by_themselves,‘may alsd be a factor inhfishptainting.

[
Moy
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et ‘al. (1970) found that adding 4 ppm of "'rween—i‘, a

"weight, more voléfile pét;oieum compounds is prevented*_'

~¢0mmercfal detergept)£o>7.5 ppmvcommercial keros _‘

.

e et o .
o SRS s .
N -— “ o . v '
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‘ﬁwWRosen et al.'(i962) noted enhanced oaor'fesulﬁing from the

"2"v\
iy

interaction of organic contaminants such as nabhthalehe,

acetophenone, and phenyl methyl carbinol in water. Mann

(l962,‘ci£éd by Persson 1984) found that=uptake“qf phehois

by fish was enlanced in the presence of @etérgents. Sidhu

'in

' seawater resulted in a much Stronger‘fish taint.

~

3.4 NORTHERN CONSIDERATIONS .
"3.4.1 ﬁeﬁﬁﬁnuLL__EifE&nug " The :unique' Character of

northern waters “must be taken into account when °

considering the potential tainting impact of oil.

&
containing effluents. Y

MH>Inzthe 0il sands area, the Athabasca River is
covered with ice for six months of the year. During the

ice-cover .period, wvolatilization of lower molecular

reéulting in extended expOShre.to fish. As well) the

Athabasca river flow is lowest from Jénuaryvto March: The

dilution factor' for effluent input is thereforg reduced

during winter which increases the potentﬁﬂl for tainting.

" The Suncor mishap which was" linked to \fish;taintihg”

)

“(Section'3.1) occurred durihg'winter.

7%
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Apart from the warmer summer .months, cold water

'temperatures will likely reduce microbial degradation of

petroleum compounds 3ischarged in. tailings pond effluents.

S

Also, low nutrient levels in-the Athabasca River, in-

particular nitrogen and phosphorous may be limiting
factors affecting microbial degradation of the petroleum

i

contaminants (Costerton and Geesey, 1979) .

.

342 N.ari;r_al_ﬂms_ion_ef_ai_tumen_mj:cma The
Athabasca River. downstream of Fort McMurray flows through

_‘natural outcrops of bitumen Wthh are subject to erOSion.

'This,lnput ofnpetroleum.compounds may provide a measureiof

tolerance to additional inputs from manmade sources in

e

that it may have already'~sensitiied the microbial

population to utilize petroleum effluents as a food.

hsource{ and induced higher organisms to organize the
; appropriate'enzymatic pathwaysvin'order to metabolize’and
excrete petroleum compounds.— rather than accumulate them
Hamilton et al. (L§87), commenting on the
comparison of oil sgkﬁ extraction effluents w1th bitumen

: eros1on products state that although the 'typeS< of

»petroleum compounds in each .source "are the same, the

relative composﬂtion is very’ difre cen nt, Wlth the lower

molecular weight, more-volatlle,vmore;water~soluble,‘and

@ -
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often more toxic (and more tainting) aromatic compounds’

being much more abundant in the oil sand extraction

i

ffﬁiiitial for fish tainting by 0il sand extraction
effluents is therefore likely far greater than'by‘natural

bitumen erosion products.
3:5 : MONITORING METHODS FOR FISH TAINTING . \

3.5.1 . DiIeQL_MQniLQLing. The most effective method

to monltor fish. talntlng is by operation o? a well—

trained, permanent sensory panel operating 1n proper‘

3

give more weliable results tha

-
J.\.

evaluation fac111t1es. A small hlihly trained panel will'

-(Larmond 1977). A laggratory panel is usually composed of
ten to twenty persons Wlth three or four replications by
.each judge for each treatment, or fish exposure-(Larmond
1977). | |

If odor is being evaluated analysis ought to be

i

performed under red light}ng in order to ‘avoid evaluations

biased by&flsh flesh color (Iredale and York 1976). As

wellwpreparation of fish samples ought to be done in a way
that minimizes loSSesvof'vplatiles. | | |

'Acoording"tofEVSJK1985) most of the coﬁ;ouﬁds

¥

that have been implicatediin tainting are volatile low-

effluent: than in the bitumen erosion products. The

1arge untralned panel
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molecular‘weight components.detected mainly‘by odor rather
‘than taste. Kerkhoff ('197'4, cited by ‘Vavndermeulen 1987)
notes that few if any petroleum compounds can normally be
detected by taste alone According to Appel (1985) aroma,
perceived in the nasal passages contributes about 75- 80%

.

of the impre551on of flavor in food. Sensory evaluation

of fish tainting‘by odor\alone should provide.most of the

response available by taste

- Proper sensory evaluation may. be too time
consuming and costly to be used as a routine monitoring
procedure. Consequently, thereyis Qaiue in establishing
what level of contaminant may be expected to taint.

3

1 3.4.2. Indixegt_MQniLQLS.. A numbqr of markers have

been suggested as 1nd1cators of the -presence of oil
pollution.

Organic sulphur, of petroleum origin, in fish

tissue could be used as a marker of 0il pollution in fish

~according to Ogata'and Miyake (1980). A correlation with’

fish tainting might be found.-‘However this would still

entail fish capture, tissue”extraCtionf extract cleanup, -

and the use of sophisticated detecths such as GC, GC FPD,

and GC- MS, which would make .it diffieult to use as a

-~

‘routine cost and time effective monitoring prodedure.



Metabolism of petroleum compounds requires’a

cyt'ochrome-P450 dependent mixed-function oxidase (MFO)

system. The MFO system is a non—speclfic complex of

‘'microsomal enzymes .which mediates the metabolism of

lipophilic petroleum compounds by‘rendering them more

’

_water soluble and thereby easier to excrete. The MFO

ystem is 1nducible . by fish exposure to petroleum

\ .
compounds. Attempts have been made to measure this
inZi;tIon\agg\correlate induction with oil pollution

levels. Howeverw-Vandermeulen (1987) reSearchedf the

kinetics of MFO 1nduction in brook trodut and found that

- MFO. act1v1ty was indeed enhanced when flSh were exposed to

1

varlous oils but found it dlfficult to correlate the level

- of MFO induction to either doSage or length of exposdre;l

A cfrrelatlon with fish talnting and MFO induction may .
also/prove difficult. | ‘

FlSh bile can be analyzed by dlrect injection
$HPLC with fluorescence detection. Correct selection of

wavefengths can be used to monitor for the.metabolites of

'diaromatlc and polyaromatic hydrocarbons.’ A correlation

between concentratlons of hydrocarbon metabolites in bile

and the prevalence of liver lesions was found by ‘Krahn et

“al. (1984, 1986) and Malins et al..-§l985’a, 1985b) . . They,

as-well as Statham et al. (1976), and Morgan et al. (1987)

V'suggest,using fish bile as a relatively.simple.and

T
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inexpensivé monitor of oil pollution in 'fish. No

‘correlation has yet been made with fish tainting howevéf.
’ e ' , e
Currently, the only effective method ‘for

e}

monitoring  potential fish tainting i%) by 'sénsory

evaluation of exposed fish. A 'less expensive, less time

consuming monitor has not been found.

’

In this investigation '‘an attempt was made to

correlate - sensory evaluation results ‘with petroleum

compound -concentrations in the bile and tissue.
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4.  MATERIALS ‘AND METHODS
. A

s

‘;4.1 *FISH EXPOSURE
Rainbow ﬁrout, reared at  the provincial

governﬁent_hatchery’at Calgary, wefg ;ranspbrted to the
Syncrudé site, north of Fort MéMurrayf by ‘truck. Thgf
average fish weight was 61.2 g; average length (fork
lghgth) was 172 mm. Upon arrival the fi;h yefe transferred
| to é 1' m3 nalgene container,whicq received a‘continuous'

flow of water from nearby Mildréd Lake.

| Fish were exposed to test waters in sha}low, 0.5

m3 pélyethylene péols‘locatéd in a.warehohsé on the

Syncrude site.v Fish were gxposea to one dflthe following

tailings’ pond derived waters: . |

1. Fresh taiifngs bond‘water r‘diluted to 6% of

fuli strengtﬂ'(s%). Dechlorinated tap waéer:ati

Syncrude w;s'used-as the diluent. o

2. One year "stofed" tailings pond'water (1YR) -

stored to reduce-toxicity. ) ‘

3. "Treated” ta;lings pond water (TIP) - treéteé
by aqidifiqation/chemical'flécculagiz;ff

4, Catchmént.baSinvwater (cB) © a combination of

tailings éoﬁd dyké-drainage watér, and
.“precipitation runoff, which dggid'together into:

a common basin.

s

5. Syncrude dechlofinatéd tap water (TAP). "

v



From 7 to 11 fish were held in each éxposuré

pool. Aerated'conditions were maintaiﬁed tﬁloughout'the

' 24 hour exposure period. Water‘temperathfe, pPH, and
conductivity were measured before anh after each e#posure.

| Aftef 24 hours exposﬁre the fish werg_saérificed;

cleaned, and gutted. Similar treatment, was performed on
. ) . /

. . ‘ { , .
46 fish held ‘only in Mildred Lake (MLK) water, and 13 fish

held in dechlorinated water at the University of Alberta

(UA) . All f&llets, with skin intact, were weighed and
individually’ vacuum sealed in pdlyethylene.bags. At the
samé time,'ﬁile wasvdrawn from the gall blédder using 1000
UL syfiﬁges, and stored in 300 ML polyéthylene;
ultracentrifuge vialé.A Both;fish fillets and bile samples
" were immediateiy frozén, and later stored at -25 OC, until

lrequiréd fo? analysis. )

: . C
4.2 SENSORY PANEL RECRUITMENT AND SCﬁEENING,
* e "Twegty—five peéple were recruited and screened

for their sensory.ability using a procedure adapted from
@vaisey-Genser (1977). Screening consisted of a series of

—

tebts'to determine each person's abilityito recogﬁize a’

variety of .tastes and odors. ‘Ten of-the most sensitive

recrpit$ werékthen chosen for the sénsOry'panel.

s
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4.2.1 .sg;ggn_jhx;juuuuL;ngggni;lgn - To screen for
tasting 'ability, each recrﬁitlﬁas given eight clear
unidentified’solgtions to sample. The reeruit;identified
the taste by indicating whether it was sweet, sour, salty,
bitter or tasteless. " The swéét,;sour, salty and bitter
‘solutions were made by the;addihion of'sucrose,3e1tric

»acid, salt and quinine; respectively " The tasteless

solutions contalned only tap water. The recording sheet

used 1smglven in Figure 3.

4.2.2 Screen for Odor Recognition To.screen for odor

| recogpiﬁlon,_recruits were given unidentified solutions

containing the following added Qddrs; cloves, Jhousehold -

bleach, almend‘extract, onion, vanilla extract, soap,

ethanol, vinagar,‘tuna meat, bitumen,_iqdine and curry.

‘ Recruits wege/asked-to identify each odor as . closely as

) Lo

possible.* The r§cordihg\sheet used iskgiven in Figure 4.

¢ T
M -

4.2.3 Screen for Odor  Sensitivity The final
screening test, to determine sensitivity to an odor,
\ .

\ : . :
consisted of three separate sessions during which recruits

| were t@sted"for their ability to diseriminate between

walleye flesh to which concentratlons of 0, 2 O, 4.0, ahd'

8.0 mg/kg naphthalene ‘had been added Naphthalene,‘aJ

dlaromatlc hydrocarbon, has a mothball -like odor.

.
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SCREENING TEST FOR TASTE
- NAME ' DATE. :

Eight coded samples are provided. Each of these cups contains weak .-
watar solutions .of chemicals representing the four basic taste
sensations.  One or more of these may be a "blank” of distilled water,,

or may be a duplicate sample.
" Rinse your mouth with the water provided and take a bite of cracker
before tasting each sample. Taste each sample separately and in the

order indicated. For each sample, record under "Taste Description”
if the sample Is tasteless, or has a sweet, salty, sour or bitter taste.

Sainple Code Number ~ Taste Description

~Figure 3. Recording sheet used +in screening for the -

four basic testes, sweet, salty, bitter and sour.

1



-

\Figure 4. ReCording.sheet used in "~ screening for common

SCREENING TEST FOR OGPUR
NAME ~ DATE

>

o

Ten ooded samples are provlded Each of these test-tubes contains a -

dilute solution of a'compound having a typical odour

Sniff each sample separately and in the order indicated. Rinsgay/our

mouth with the water provided and take a bite ‘of crackervafter

smelling  egch sample. Wait approximately 15 seconds between

samples. “Record your description of each sample under "Odour
Description®.

Sample Code Number ’ Odour 'Das_crlbtlon

e s e e e e e e e

household odoérs.

o
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For this final screening test, walleye fillets

w?;f)puepared and presented‘to the recruits using a
procedure adapted from Iredale and York (1976). The
walieye fillets were ground up.in a Waring blender.
Naphthaiene dissolved in ethanol was then added (spiked)
to the gréund up fillets. Regardless of the amount of
naphthalene addéd, each walleye samp}e received'thé’same
volume of ethanol carrier. Prepared walleye were then
divided into 5 g lots, wrapped in 200 mm by 200 mm squares
of aluminum foil, and vacuum sealed in polyethylene bags.
Bagged fish samples were placed in a hot water bath at 40

to 60 ©C in order to maximize their aroma. Recruits were

. [ ' ’
requested to open a bag, tear, dpen the tops of a pair of

alum}num packets, hold the.opgn packets to their nose,
inhale, compare the two samples, and recdrd which sample
contained the greater' perceived concentration of
naphthalene. Befo:e evaluating the next fish pair,
paneiists were requested to wait 15 séconds, and . to
consume a smail portion of the unsalted sodaAbiscuits and
dilute lemon wateerrovidedk*po remove lingering taste and
odor sensations from the paléﬁi&t The recording sheet used
is given in Figure»S.

aAll screening activitieé and subsequent sensogg
sessions were performed in a specially équipped, Sensory

. LA .
evaluation room. Individual bpoths were provided for each

36



o by foldmg over the

-~

/‘/

Sequential Analysis Set No
s SCREENING TEST FOR FISH TAINTING

NAME ' DATE

Seven pairs of coded samples are provided. Each of these foil packets
contains a sample of fish. Some samples have been artificially
"tainted" with varying concentrations of- a common household
substance (moth Is) Other samples are untainted.

To evaluate the

as much as
order indicat
tainted. After

s, tear off the end of the foil packet and open it
niff each pair of samples separately and in the
‘the sample within each palr which is most
completed your evaluation, close each packet
n end.

Rinse your mouth with the lemon water provided and take a bite of
cracker after smelling each sample pair. Wait approximately 15
seconds between sample pairs,

Pair - Samples.

1

2

—————————— —

Figure 5. Recording sheet used 1in screening
- sensitivity towards fish to which varying

amounts of naphthalene had been added.

for
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4.3 . SENSORY EVALUATION OF EXPOSED FISH

- . 1 ' : [ .
Q‘ | t . . v ' v - 38
. . - ,
¢ ) . . .
N
h

B}

L A oo T

\ e

\panelist. fEachﬂbooth_was provided with a’ faucet and sink,

hotiplate,‘and waste“container.‘ To block»an§,perceptiond :
’ v . S T A 1
of fish 'discbloratiOn,' all = sgnsory evaluation was :

Vperformed,under”red~lighting; s ;‘;Jiﬁ

v

S~

Fish exposed to- Mlldred laKe water and taillngs
pond waters were . prepared in a simllar manner to those in,

'the thlrd screenlng session, - (Sectlon 4 2.3). Fish samples

not requmred 1mmed1ately we{:jfrozen for later use.

’ ;

‘ Sensory evaluatlon was performed using a palred

FCOmparison test descrlbed by Larmondy (1977),‘ w1th

dstatlstlcal tables from Roessler et al (1956) In'this

.used as the "reference" flSh. Each of the 10 panellsts{;

for a,total of 30 judgements : To,determ;ne whether_“p

~the1r-odor Panellsts were. 1nformed that in each palr,'

»"test" ~i e., exposed sample Panellsts were requrred to. ’

ftaint, =i.e£, from "barely dete@table" to "hlghl

"ftest, a palr of ' flSh samples were compared on the ba51s of

one member was the "reference" sample, the other member a’

choose one member as belng more talnted 'A nine pointr?

fscale allowed the panellsts to score ‘the detectablllty of

<

detectabre" The score sheet usegtls prov1ded 1nyFlgure 6.

FlSh exposed only to Mlldred Lake water onI? were

compared a test flshesample to -a r;@?reg%e three tlmes, ”

# -
3 g o

Ed . -
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NAME // » " DATE
Seven pairs of coded r\’én samples are Urovmed In'each pmr oheof the samples conlulns Tish lhal

has been exposed only to natural iake water. The other sample contains fish that has béen exposéd

Lo either to tap water, or Lo varlous waslewaters assoclated with o1} sands mining and upgrading
operations % .

To evaluate the samples, tear orr the end of the foll packet and open, it as much as posstble smiff ‘
each pair of samples separately, and in the order indicated Circle the sample within each pair which
1s most tainted. Evaluate the degree of taint of this sample by ticking wnthln the most appropriate -
category (see. example below).

‘Rinse your mouth with the lemon water prqvided ano take a bne of cracker after evaluatmg each
. sample pair. Wait approxlmately 15 seconds belween sample pairs

Pair No. . Samplqs ' : Dotocllblllty of Talnl

o s (g GLIELITIL] °
. T — ' 'bn}ely dete:hble " hghly
: : . detectable - _detectable
PR CW[IITIITTT]
.'t?,?' jili ) ‘I:a :l:l dot;iable 4 .t“gll{;l ‘
L, IR
332 S8

bs ely dete&lble . ]
detectable : dptcctlbie

. . . CIIIrIrrrd

barely .dete:uble, highly
detectable ~° . detectable

. . . [[IITIrrrd

barely d'otccl‘t.blv'e  mighty, |

—

A . - .. __detectable detectable <
A m& AEEEEEERNN
EE o - . barely dole&nble  highly '
WS ‘ I " detectsble . detectable -

ST CITIT 1111

\ 353 335“ _ ‘:.%lz" «‘io&ﬂ_"' "t"ﬁt':" ,
. o OO IIII1r]

barely  detectabls - highly
detectable ‘ deteclable

'Figure 6.  Scoresheet used for senéor,y_evalda_..vﬁiq'ri.: of fisb

o, *
e .

SCORING OF FISH TAINTING ' Lo ; L ‘

’x'o .



Mildred Lake imparted an off odor to fish, each panelist,‘

compared Mildred“Lake reference flSh against fish held in

dechlorinated tap water at the . University of Alberta six

times, for a total of 60 judgements. As well, Mildred

Lake reference flSh were compared against fish initially
held in Mildred Lake water and then depurated (1f needed)

for 24 hours in Syncrude dechlorinated tap water,
«©

Sensory evaluation required three separate

~+ sessions, on three separate days,'at approx1mately the

same time each day. Panelists were adv1sed to refrain‘

- from eating or drinking for at least 30 minutes prior to

the sessions. _As .well, they were discouraged from wearing

@,

~

- heavy perfumes or using scented socap on the day of a
. o ol ; ‘ g _

sensorybevaluation sess%pn (Larmond 1977). .

-
-

-

4.4~ WATER AND WASTEWATER ANALrgls : o N;ir’j

#

TWater temperature,”pH and conduct1v1ty were
recorded immediately befOre and after the exposure period.

e Immediately prior to fish exposure, wastewater

»

samples were collected in 4 L amber bottles Wlth teflon?

lined caps Eachﬁﬁmmple was preserved by~add1ng 100 mL
,',&; ne &
f and stored at 2" to 4 °c, awaiting solvent extraction

l»!
I

o -
m’ N

o

4.4.1 Base_neutral_ﬁolxent_Extractipn Based on Method

3

625, U S EPA (1982), six mL of Gn{NaOH was added to raise

. . -
. . . e
[ . ) .
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% the pH of a 4 L water sample to pH 10 or above. An
additional 100 mL DCM solvent was added The sample was
stirred for 30 minutesion a magnetic stirrer. ,Afterla 20
mihutevsettling period'the‘DCM layer containing‘the base-
neutral extragtable organics was removed by pipette. The

et {u) J
Ly g

,mgpﬁ thro?gh a (drying),column containing 50

extract,f"’r
,grams}ﬁa2§62v 'n order to remove an{/water contamination.
(fhe Na»S04 had been ‘pre-extracted with DCM soivent in
{oggerito remove any’orgahic contaminants). lAhother 100

mL* DCM was added to the'4 L water sample %and the same

i

procedure repeated. = = ‘ : *ﬁﬂ

4.4.2 Agid_ﬂxnzagﬁign‘ Following,extractioh at high’

pH (Section 4.4.1), the same water sample was aCidified to
belowng 2 by the addition of'iZ’mL 6N HpSO4. DCM (1@0
mL) wasfaddediand'the sample stirred for 2 pours. Afterﬁ%j
settlipo;<the-DCleayer was collected and passed through"a
k clean,.pre¥extracted Na2504 column; The procedure was
| repeated a second tlme.f
| Both base/neutral and acid extracts were reduced
sto 6 mL in a Kuderna-DaQish (KD) apparatus heated»by a
'waterbath» mai‘htainedw at 65‘T°C,;- "follow'i"n‘,gv 'the | method ,\j
outlined in U.S EPA (1982) . The extracts were finaliy

reduced to 1 mL under a stream of nitrogen.

.



All extracts were analyzed by GC- FID, GC—fPD, and )

by GC-MS. (See section 4.8 for instrument specifications

and operating conditipns).

4.5 BILE ANALYSIS - \
’ s R ) K . /‘I‘k

4.5.1 ILLEESJL__IIEBthJJul__IJL__AJJHLLd__thIQIEULQQEEth

'Eol}owing a method,adapted from Krahn-et al. (1984), 5 uL

. ' L N
samples of MLK, TTP, and UA raw fish bile were injected

directly into HPLC.

3

»Sampfes.were injected;using a Waters model 710B

' auto-injeetor (Mf&ford, MA, USA)'. Solvent delivery was

vprovided by two Waters model 6000A chromatography pumps.

\.,

Solvent selectuon and regulation was performed by a Waters

Automated GradientaController The analypical column was
. . . ¥'1} .

a 150 mm by 4.6 mm I.D.,'reverse phase, LC—%PH packed

column (Sulpelco Inc., Bellefonte, PA USA) .,
Waterﬁ(solvent A);and methanol (solVent B) were

used in a linear gradient as follows 100% solvent A to

100% solveht B in 15 minutes, 10 mlnutes at 100% B; and 3

minutes to return to 100%1A. Solvent flow was 1 mL per

'minute, All analyses were _performed at ambient

temperature. Chromatograms were recorded at  fluorescence

excitation/emission wavelengthsl of 254/375 nm,

respectively.
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Using a

4.5.2
/

. method described' by Krahn et al. (16884), beta-

glucuronidase (0.1 mL, 12000 units'glucuronidase activity

-and 25 units sulphatase act1v1ty) was dissolved in acetate‘

‘buffer ( 0 4 M acetic acid, 0 4 M sodium acetate, pH 5, 1
;mL), and added to 200 Mg of prewelghed fish bile. The

'mlxture was placed in a shaklng incubator at 37 oC for 16

"‘hours to hydrolyze the conjugates (Varanasi et al 1982)-,

Ihe.extraction procedure, a modification of Baird
et al. {1977) and Vaianasi_et al. (1982) consisted of the
following:

1. Volumes of 2.5 mL methanol} and 1.25 mL

e ’-.‘

chldroform wefe’added to-the‘hyd:olyzed mixture,
o ~ followed by. 1 minute of vigorOUS mixing on a.
| 'vortex machlne v
‘ 2. An additional 1. 25 mL chloroform was added
.followed by 1 minute of‘v1gorous mlxing
3. As.a final wash, 1.25 mL water ‘was added,
followed oy i=minute”of<vigbfous mixing.
4, Afhejiayers wefe allowed to separate, and the
lower chloroform layer.removed and passed~through
a pre- egtracted Na2804 drying column
45 An addltional 2 mL chlororform was addeéd to
the remalnlng aqueous phase,.and vigorously mikxed

ol

for 1 minute.

lgj' ,
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. ) 0 ’ .
6. The chloroform layer was again removed and

passed through NapS0O4: The NazS04 column was
fihally'rinsed with 1.25 mL chloroform.
7. The chloroform extract was concentrated down

’,

to 1 mL under a stream of nitrogen.

 Enzymic hydrolysis was carried out in triplicate
on bile from each type of tailings ponq,water’&ﬁsh

- exposure. All extracts were ‘analyzed By GC-FID/FPD. Those
. ‘ ’ '

revealing the presence of xenobiotics %i;e then ang&yzed

by GC-Ms.
4.6: TISSUE PROCESSING

4.6.1 . B_l.emi.z.ng__and_sgxhl.e.t_ﬂm:xac.tm Fislr were

“'prepared according to the method reported by Benville and.

‘Tindle (1970). By this method, semifrozen fish fillets

~ were chopped into 10 mm b§'10 mm pieces, added to a Waring

blender with én.equal amount of dry ice pellets, and-

pulverized into .a hom&yenous mixture. The mixture was
poured- into g}ass containers, covered with aluminum_ foil
and'left overrpight in a freezer, allowing the dry ice to

sublime.

In order to bing tissue-held water, 20 g sampies

of blended fish tissue were mixed with 80 g of NapSO4, as
. . V‘ . ’ M

in the procedure déscribed by Hesselberg and Johnsgon

>

&

b4



Birkholz et al. (in prep) .

(1972); and added to glass thimbles, To protect the

porous plate at the bottom of the glass thimble from

getting plugged with fish 1lipid -matter, pre-extracted
celite- was first added to a depth of 20 mm. /44e
tissue/NaySO4 mixture was added, and covered with a plug

s

of pre-extracted glass wool. The. prepared thimble waé

.

: - .
then placed in a Soxhlet appérgtus and refluxed for 8 h

with 300 mL DCM. The extract was reduced in.velume io_

approximately 8 mL in a KD apparatus held ih-a_water‘bath

~maintained at 65 ©C. The extract contained fish lipi&s

- and, if .present, hydrocarbons:  originating from the

tailings' pond.

4 S |
4.6.2 - ) > Gels permeation chromatography

RSP
P

(GPC) sepération occursvdue to differences in molecule

size. In this project, GPC was used to separate fish

lipids from volatile hydrocarborns present in the soxhlet
extracts. The molecular weights of 'most volatile

‘hydrocarbons are between 75 and 300, while those of most

lipids,aré,between 690 and 1500. The procedure was

adapted from Stalling et al. (1972), and later modified by

s

GPC was'pérformed'usingJDOO mm by 19 mﬁ 1.D.,

chromatography columns. The columns were prepared by

plaéing a plug of pre¥extractedwglass wool at the bottom

45
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of the column. Bio-beads (5-X3) were soaked over—nlght in
. a one to-one. solvent mixture of DCM/hexane, then wet-

packed to a depth of 500 mm in the GPC columns, and topped

with a 20 mm proteotive'layer of sand.

Bio-beads are made of neutral, porous styrene-

divinyibenzene popoiymer‘beads. Thefr pore dimensions

&

depends on the polarity of the eluant employed. In this

- case, ideal biobead size for best separgtion of lipidlfrom

hydrocarbons was achieved by u51ng a solvent mlxture of

. equal proportions hexane and DCM.

-

GPC separatlon involved the follow1ng steps:
1. The DCM/hexane solvent was drained 1nto the
sand. = | : | /

T 2. The concentrated 8 mLtSOXhlet extract was
brought_nplto 10 mL-with DCM, added to the top of
the GPC colnmn, and dralned into the sand
3. The&K D- apparatus was rlnsed w1th 10 mL
'DCM/hexane; this was added to thefGPC oolumny and
once again drained into the sand.

: »5
4. A reservoir containing 230 mL DCM/hexane was

Ce o placed on top of the GPC column, and drainingfwas

continued.

| 5.. On -the basis, of previous recovery trials, the

first 90 mL was collected and discarded since it

contained unwanted fish lipid material.

e
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6. The\_ext 80 mL was collected, and reduced to
»
8 mL in a KD apparatus held in a water bath at

80 ©c. W’
i »

4.6.3 | FElorisil Cleanup  After 'GPC separation,

flOrisil' was .used to remoVe the final remnants of. fish
llpld materlal'jH(lorlsll was prepared using -a procedure

adapted from Hesselberg and Johnson (1972) Samples of

‘ﬁlorlsll (l0.0 g) were added to 25 mL glass sclntillation

I

“¥ials, and placed’ in a‘muffle,furnace'at 400 °C for 4
, i - ‘ g s : : \

-

hdure in orderf to remove volatile contaminants«
Afterwards the florisil was cooled in a desiccator.
JPlastic Cape lined on the ineide with aluminum were then
tiS%tly‘Screwed over the glase containers. /?o avoid
unwahted entry of atmoepheric moisturé, the caps were

wﬁaﬁ?ed‘ﬁath teflon tape. : "’, ,

For florisil column preparatxon a pre- extracted

glass wool plug was placed at the bottom of a 400 mm by 10

mm I.D., glass chromatography column Florlsil (10.0 g)
was wet- packed in the column using hexane. A 20 mm\layer
'offNazso4_was added on top of the florieil to protect
agalhst water contamination. |
Florieil'cleahup involved the{folloming steps:
1. = Hexane was'first drained into the Na2504
| wlayer.-

;-

-

47



’ ! i

L4 \
2. The %prmL GPC extract was added and drained .
a» ifito the NapSD4 layer. '
3. Step 2 was repeated with an additional 10

ml hexane derived from the KD apparatus rinse.

4. An additional 40 mL hexane was added to the

100 ml reservoir at the top of the column, and
drained into the NézéO4. All 60 mL of added
hexane wés collected:
5. DCM (50 mL) was then added to the same
 column, draipedmthrough, and collected.
‘6. . Both the hgxane and DCM ffaction_s were
reduced to 8 mL in a KD apparatus, and reduced
further to 0.5 mL under a stream of‘nitfogen.
Both fractions were analyzed by GC-FID, GC-FPRp,
and where appropriate, by GS-MS. ‘
Flgrisil cleanup separates compounds on the
basis.offtheir polar character, retaining either polar or

nonpolar substances-: depending on the polarity of the

4 RQ

N

ehggnt'being used. When a'honpolar solvent 1is used,.

florisil must first be partially deébtivqped by, adding a

certain percentage of water, otherwise it will adsorb all

organic compoundg-tiat have been added to the 6:35224\ In

this project florisil was deactivated by either of 10%

v

water, depending. on adsorption,characte;istics of the

florisil batch used.

’
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4.7 QUALITY CONTROL - RECOVERY EFFICIENCY

. For the‘Qastewater extraction procedUreyﬁ&ualifél;
control was performed by the‘addition of a 20 ug)ﬁf‘
:alkylated benzenes‘standard; and a 20 Mg/mL alkylated
phenols Standard to two 4 L samples of distilled water,
followed by base-neutral and acid extrac¢tion (described in
section 4.4). The extracts were injectedfinto GC-FID and
the resultant chromatogram peak areas compared to those of
a benzene or phe;Bl standard tc¢ determine percent
reCoVery{ .

For the bile enzymatic hydéolysis,‘qu
control wasaperformed}by using‘the same hydrolys
procedure described in éection 4.5.2 on 100‘pL of 2 mg/mL
l—naéhthyl glucuronide, and determiningbpercent recerry
by GC chromatogram peak—area calculations. In additidn,
to determing the‘effect (if any) of the buffer alone_on
bile, bile suspected to contain conjugated‘hydrdcarbon
metabolites was first hydrolyzed with buffer énly,
extrécted, hydrolyzé?'for a second time with buff%?(énd
gluquronidase enzyme; and again extracted. Both the first
and‘seéond extracts were analyzed by_GC—FID.f\g/ .
For bthé tissue extraction process, Quality

- control was performed by -the addition of: a) 1 mL of a 20

Hg/mL alkylated benzenes standard to two clean control



fish samples; and b) 1 mlL of 20%&"“(3/“11’ alkyl‘atdd\‘\h__,,r
naphthalenes, benzothiophene, and dibenzothiophene
standard to one clean fish sample, - 1in each case
immedietely Prior to @%xhlet‘extraction. After going
through 'the Soxhlet, GPC, and florisil processes, the
extracts were injected into GC-FID and percent recovery.
caiculated from the réeultant chromatogram peak areas.

To deternine what percent deactivation to use on
the florisil, four columns were; set up; two with 5%
deactivated florisil, and two columne with 10%
deactivation. To one pair of 5 and'iO% deactivated

columns, 1 mL of the 20 Hg/mL alkylated benzenes standard'

was added; to the second pair, . 1 mL ofwthe ZO ug/mL_

alkylated phenols standard was added Hexan” and qu were

"

added, collected, and concentrated as.decribe

4.6.3. Max imum percent recovery of thelgwq t

A

based on GC-FID chromatogram areatdalculatrons

vy

e

.tra%ts'ﬁgre-all

n each case -a 2

-‘_“_

;'e w‘v:ﬂ‘h

iy B
analyzed by GC FID, GC-FPD, , and GCn 3°
: L@

KL aliquot.of the extract was removef}fi g-a’ ﬁamilton 10*

X

uL syrlnge (Hamilton Co. Reno, NV, ghS g; When using the“,

FPD and FID,detectors, the 2 uL wts were injected

s

&
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into a 30 m x 0.25 mm I.D.fJEused silica, caplllary
columni with a DB-5 coating (J & W Scientific, Folsom, CA,
UsA) . When the mass spectrometer was used, the 2 uL
aliquots were injected infp an HP-1 capillary column, 12 m
x 0.2 mm I;D. (Hewlett-Packard, Palo Alto, CA, USA).

The flame photometric detgctor operated in a
Varian (Walnut égeek, CaA, USA) model 3500 capillary gas
chrbmatograph. ‘The FPD performed at a hydrogen flqw rate
of 80 m@(minute, and flow ratgs of 80 mL and 175 mL/minute
for air #1, and air #2, respectively. The oven temperature
program was 40°C for 1 minute; 109C/minute to 300°C; and
held at 300°C for'15 minutes. Injection port, and
detector temperatu;es were 270°C- and 300°C, respectively.
Peak areas were mea@ue& using a ‘Varian mddel DSQ,OIJ data
system. .

Two flame ionization detectors were used. One of
the detectors "was in a Hewlett-Packard model ﬁP 5880A
series gas chromatograph with HP 5880A comppting
integrator for measuring peak areas. The other FID was in
a barian model 3550 gas -chromatograph déSéribed
previously. The oven temperature program, and injection

. . ¢ .
port and detector temperatures were identical to those

used with the FPD. Gas flow rates were 24, 20, and 280 -

mL/min for hydrogen, nitrogen and air, réspectiv%ly.

1



Taere were two temperature programs for the GC MS

systém aThe first program, designed for separatlng a w1de

vy Y
.

'_FTDZFPD‘procedures. The‘Second program was more specifiic

for-separatlng phenols. The oven temperature program.for

separating phenols was: 40°C for'h\m}nutem'6°C/minute-to

280°C, w1th no temperature hold.
»
- GC Ms was performed w1th a

e be]

ewlett?Packard model

. HP 5890A'@as chromatograph, connecte with a model HP 5970

e

. series mass spectrdheter, and an HP 7946 data system

L ) : . o ' “
. . . ‘ “
°q4,9 CHEMICALS

‘:grade Methanol acetone, methylene chlorlde, hexane,'and

cthroform were purchased (and ;used 1nterchangeably),from '

;‘varietyeof-aromatlcs, was 1dentical to that for the GC-

Solvents were either pesticide grade or HPLC™

’ F%sher Sdlentrfic Co. ‘(Falrlawn, 'NJ, USA); Caledona

h

e T R

Laboratorles Ltd. r(Georgetown, ON, Can ); and_sfrom

Anachemla Chemlcals Inc (Champlaln, NY USA) - ,""

L3N

Acetlc acid (glacial), sulphurlc acid, and sodlum.;

D

hydrox1 e, all reagentigrade quallwy, were purchased fromr"

) ) . P

,fFisher Scfent;flc Co. ‘Florisil (60'-100_mesh), celite

4545), sodium sulphate (anhydrous) were'aiso purchased

-

from.?isher Scientific.Co. Anhydrous sodlum acetate was

@ «

purchasii from. J. T‘_Baker Chemlcal'Co.“(Phllllpsburg,
N.J., USA;. For gel permeatlon chromatography, Blo—beads

-

- .52
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'S-X3 were pUrEiésed from

Rad La'boratories ®nc.

(Richmond, CA, UBA). For

. v

,énalysis,-B¥glucﬁrohid§se
' No..G-8132, and:j}naphthyl glucéronide were puréhased'ffomiA
Siqma Chemical Co. (St Louaé;rMQ, USA). * :;

| The fbllowing‘compédhdé were pufchésedvfrom ﬁixoﬁ
Chemicals Co. (Edmontoﬁ/‘AB,) to make_ﬁp an.alkyl;ted
phenbl standafd;.phenél;'2,7and 3; andb4—he£hyl p#enoi;
2,3 and 2,4 aAd_z,s aﬁd:2,6-dime£hYlj§henél. An alkylated
'beniene sténdard was'made'by pufchésing’tﬁe.following.
compounds from PolySci Corporationﬁ ethyl benzene;‘Zy and
'3 methyl be?zeﬁe; 1.’ﬁethyl ethyl benzene} ' n-propyl
benéene; i;3,5-trimethyl béhzene; 4-isopropyl toluene; anﬁ

n-butyl benzene.
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5.1 SENSORY EVALUATION OF EXPOSED FISH . ('
. ra " _ ]
0il sand eitraction tailings pond waters

Q“"*:-c"filta:Ln petroleum compounds and inoérganic compounds, some
- of which are dlfferent,,and others”which'are similar but:
in'different relative]concentrations to those found in oil
.refinery?‘effluents lelsewhere ' BeCause of thesel
diffeéences and because of the p0531bllty of unknown

‘synergistic effects, -it is not p0551ble to dlrectly

\

'transcribeftainting results from studies performed at

conyentional oil refineries‘(Krishnaswami“and‘Kupchanko
3196§) or those performed with pure cmganlc compounds
(Ogatz and Mlyake 1973), to the ‘effect ‘of oil sands.,
extraction tailings pond‘wgters on fish tainting. o

N . . . . . -

C The'results of the sensory:evaluation performed

on fish exposed to talllngs nd waters are found in Table

37 an@ﬂFlgure ‘7, w1th the’ sUpportlng data found in Table

1 . ps

16, Appendix'I. lAccordlngpto the twoftalled test table

provided in Roessler et al. (1956), (¥able 17, Appendix

I), a signlf?cantidifference in fish taint occurs, at a 5%
31gnif1cancel level, if a minimum of. 21 out of 30 ,
1 - ¥
|

evaluatlons, or 39 out of 60 evaluatlons choose one flsh‘

exposure_typ ’or the other as being more talnted Table

17 ,was cOnStructed for blnary 31tuatlons, in this

\ °

'1nvest1gatlon - one. fish sample belng more or less talnted

L

‘ ' ¢
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Table 3. sensory analysis results of fish exposed'tb.qii
sands extraction tailings pond wastewaters, using
the "palred comparlslon" test

Number of ~

judgements - . - . ' Average
choosing.one — Co- detectability .
Exposure ‘" or the other as  Percent of taint,
water - - more tainted . Tesponses . maximum = 9;
uaa 22 o 37 S
-‘compared to - = 5 | AR 0.7 >
MLKP - : 38 . 63
. TAPC ~ 19 . 63 )
~ compared to Lo L ' 1.1,
MLK" 11 - o - 37
R 24 '
6sd: 24 T % go '
- compared to- - ‘ - - 3.1
MLK - . e . 20 '
cee o, .26 . 87 : ,
- compared to : ; " 4.6
MLK - 4 : 13 |
1YRE 26 e S
- compared to s o : ‘ T SR
. MLK ~ L % 2
. : ,v ‘ - »ﬂ
TTPY ‘ | 300 7100 U
‘= 'compared to-- S - - Y - 8.7

7 Lo e

aUnlver51ty of Alberta ggchlorlnated tap water. ;bMildred
Lake water. cDech -inated tap water at Syncrude. dSixL
percent whole talli‘gs pond water. eCatchment basin water.

fone year stored falllngs pond water. 9Treated tailings
pond water o : E g ' o




!I‘_’)

Water Expesere Type

k.

' "oe‘tecmili_ig of Taint Scale: 1 - barely detectable

L e 9 - highly detectable

HMLK = muu‘ uke (Mldlng ond referenee) water
VA = u.i“r”” of Alberts tap water
TAP = Tap water st Syncr !

1 YR Ong ge.r stored (eged) taili ngs pend veter
6% = 6% taijings pond vater

o0 - 7 tildred Lake Reference M 1
."90 1 EJ:lpo!:cd"lj\est" Fish - - — -
%0 —— De(ec?a‘blili‘fg of Taint B | =
70 _   | ‘ -
i 60 |- ',4 '—1 % *
BV SN
& wxl Al 4
& % . |
30 - g
20 % | N
T % -
% .
MLK/UA  MLK/TAP MLK/6%  MLK/CB  MLK/1 YR munp;"‘%}
| ‘ | | R4

" .CB = Teilings pend catchment dasian vater (rninwter & dyke drai nege vater)

TATP = Truted tailings nu‘ water

4

Figure 7. Percent of sensory panel responses choosxglg'
‘ either fish exposed to a test water,
Mildred Lake water (only)

|
i
i
\

Detectability of Taint

or ‘to
.as being more:

tainted; plus the level of detectabllrty of -the

'evaluated talnt



thanﬁthe other. An’analogy can be maae‘to“flipping“a

cdin.' 95% of the time .a COin is flipped, " the ratio of

" heads to. tails w1ll be between 8.3 (9/30) and 0.7 (21/30).

Based. on the two- tailed test in Table 17 no significant
di fference in, Eilnt (P<O 05) was found when fish exposed

to Mildred Lake - (MLK) water were compared with those fish

3

exposed either to Mildred Lake followed by 24 hours in

dechlorinated.Syncrude tap Water.(TAP),:or those held in
decﬁiorinated Edmonton tap water at the University of
Alberta (UA) . ”

Based onh tﬁe\one—taiied test” (or two-=tailed

test) found in Table 17, fish first held in Mildred Lake

water and then exposed for 24 hours -to various tailings

pond derived . waters were all significantly teinted

(P<0.05) when compared to fish held in Mildred Lake water

only.

Fish held in-one-year stored tailings pond water

I

(1YR) started-to 'die within 2.5 hours of exposure because

“the water was unexpectedlyotoxic. The“remaining living

.

fish were therefore sacrificed at this time. Sensory

evaluation revealed that this short exposure period still

. [}

' Qaused a 51gnif1cant taint (P<0 05). | Accaor ing to

MacKinnon and Boerger x1986) the LC50 (96 hour) for;trout\

in one-year stored tailings water is 100% According to

Boerger (personal comm nication.'
: }#* 2 A

gl e

"iﬁ'

hen one-year water was

57
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P! d{from the madn storage pond'to the'fish exposure.
'p@i sludge from the bottom of the storage. pond was
likely included with the water, which may have caused the
‘observed toxlc\effect. m
| During the sensory euaiuation sessions the
panelists were required to indicate the level of the
detectable.taint. The scale prpyided was from 1-9 with 1
indicating "barely detectable“ and 9 indicating a "highly -
detectable" taint. The "average" detectabiiity,df taint
| waS‘determined by’subtracting the sum bf‘detectability
scores given by.the minority of judgements (for ‘example,
those chooslng MLK as. belng more talnted than CB) from the‘\
sum given by the majorlty of judgements; and.then dividing -
by the totak number of judgements,\This would be similar‘
to subtracting WrongyanSWerS’from right answers onfa test,
and'then taking the average. o 'z ; f ‘ .; B
| | Figure i.illustrates't?e relationshrp‘betWeen'k{}
o detectability-of taint “and percent responses. According}
to the "percent responses".and "detectabiiity of taint"

r

scores, treated talllngs pand caused the greatest talnt.

‘ f%}lowed by one—year stored taillngs, catchment basin, and
N :

_ finally six percent whoxe tailings pond waterr
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o TTPgwas more than TP) ; and for 10 month stpred tailings

A - .
i\ - :
— . te .

5.2 . WATER AND WASTEWATER ANALYSIS

5.2.1 Gmss.ﬁhxsinal.;and.ﬂheminallar.amems Table 4 ’

prov1des chemical and physical parameters of the test

waters, exclud&ng Mildred Lake and University of Alberta

exposure waters, which were nbt analyzed

Temperature of the wastewaters, remained constant

L

(within 1 ©C) throughout the fish.exposure period since

L1

the exposure,pools were resting on a concrete floor in a

warehouse whereby the pools adjusted to the constant

temperature of the floor. “!

2

Each wastewater was continuouSly aerated;

resulting in oxygenjsaturated conditions throughout the 24
"hour exposure period. . Aeration was performed to ensure
=sUrvival4of the test ﬁish since it would have been
difficult to find replacements if the test fish had died

during the 24 hour exposure period. Even with aeration

S

and the potential resultant 1loss of'volatile petroleum

compounds (capable'of'tainting) from the exposure waters,

‘a significant taint (P<0.05) was noted.

According to Boe_rger_ et al. (19'4) conductivity.

of whole tailings pond water (TP) was 1410 us/cm,,for

treated tailings pond water (TTP) was 1790 1S/cm (note:

pond watertwasv860 uS/cm.-'According to MatKinnon (1986)

»
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Table 4. Temperature, conductivity and

exposure waters.

pH of the fis§

60

»n
Y
TAP 6%  CB 1YR  TTP
Temperature (oC) :
Pre-exposure 15.7 15.4 16.4 17.1 15.6
Post-exposure 16.0 15.5 16.0 n/aa’ 15.6°
Conductiviﬁy (uS/émj: . ’

PYe-exposure | 326" 435 1660 _ 3060 2530
Post-exposure . 339 423 1596 n/a 2520
; | o : :

i -
Pre-exposure ; 6.9 7.1 8.2 7.9 7.2
Post-exposure _ 8.50 7.8 8.3 n/a 8.2

*hNon—applicable, 

since the fish were removed from this

exposure water after just 2.5 hours as compared to 24 hours

for the othef‘exposure wagers.

bvariation in pH may be due to the use. of an uncallbrated

pH meter.

dor
o
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conductivity of tailings pﬁnd water was recorded. at 1780
uS/cm, an increase' over the figure reported in 1984.

* . .
Ba§ed on these reports the figure for treated tailings:

pond water, 2520 u§(cm, recorded in Table 4 'is comparable.
.‘ | Conductiwity brecorded for one- Year stored
{«taihings pond water in this study was more than 3. 5 times
hdtheimlevel reported by Boerger et al. (1984), whioh*

P

provides some support to Boerger's speculation (personal
communication) that sludfé§from the bottom of the storage
pool may have affected the togicity of the one—pear stOred"
water exposure. | o

) ;A,complete_characterization of the wastewaters
was not carried out to.determine what substances were
contributing tolconductivity , PH, toxicity] etc. Some of
this 1nformation -may be obtained in Boerger et al. (1984),
where extensive phySical and chemical properties of fresh
tallings pond water, treated tailings pond water and
stored tailings pond water is presented albeit for 1984,
Included are dissolved and suspended solids; biological
and chemical oxygen demand; major ions such as sodium, .

~

"calcium, potassium and sulphate; alkalinity; total organic

- . 4

and inorganic carbon; nitrogen; iphosphate; cyanide; and

5 3 \ ‘ :
minor elements such as aluminum, iron and nickel.

-

~, . y
e '
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5.2.2 - Alkylated Phenols.  Table 5 Erovides 'thg‘5
concentrations of phenols found in bofh the aciq and base
extracts. Phenoié are more readily extiadted‘un&er acidié
. conditions, hohever from - Table 5, and the percentage
fecovery figures presénted in Table 6, it is ciear that -
some: phenols are also extracted under base-neutral
conditions. WZQnon:(1984) also found.alkylated phenols in
the base—neutrai.frabtidn-of _Qhole tailings ‘pond. '

‘Recovéry of alkylated phenols by solvent
extraétion (Table 6) waé much lower than recovery of
alkylatqd_benzengs (Table 8). Table 2 provides the water
soiubilitiés of varjous petroleum compounds. From Table 2 %ﬂ
Eip can be seen ﬁhat alkylated phenols are‘fér more wéteg)
soluﬁle' than alkanes, alkyléted benzenes, PAH's, and’
orgahiczsulppﬁr compounds. 'Being more water soluble (more’
polar) likeiy contributed to the "lower recovery of
_alkylatéd phenols as comparéd with alkylafed bénzenes
:usinq the solvent extraction methéd.

Other problem§ exist wifh the solvent

extractiqn method used. 'According toSEPA (1982),. the

authors of this method, base-neutra extraction may

significantly reduée recévery of phénol, 2-c£eéol, and
2,4-dimethyl phenol. Seabndly, based on analysis of
centrifuged and non-centrifuged whole tailings pond watéf,

Zenon (1984) fbundﬂthé’extr§ctability‘of brganics was
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_Table 5. Alkylated phenols (jig/L) in treated taildngs
roe pond water (TTP).

-4

Base-Neutral Acid Combined . -

Extract ' ‘Extract Extract
phenol . 7.1 13.2 . 20.3
2-cresol ' .l N.Da © 43.5 \ 43.5
3 and/or 4-cresol “ 3.9 31.0 -~ 34~ 9
2,3 and/or , .
3,5-dimethyl phenol’ ~ N,D. 36.8 ' . 36.8
2,4 and/or ' g ‘
2,5-dimethyl phenol 12.5 ‘ 33.8 46.3
2,6-dimethyl phenol 2.8 10.0 . 12.8
'3, 4-dimethyl phenol 6.8  11.0 17.8
Total - : . .
phenol . : : 7.1 13.2 ©20.3
cresols S 3.9 74.5" 78.4
dimethyl phenols 22.1 91.6 1137~
Total phenols = - 33.1 179.3 212.4

- aNot detected.

»%n» .
»
P



Average recovery of 4 dimethyl
2+ : ‘

Table 6. Percent recovery of alkylated phenol§ whichﬁh@P
& been added to a water sample and then solvent %,
extract&d under base-neutral and acid conditions.
. o | % Recov?jz!
Base/neutral Acid  Combined
phenol -0 24 .24
2-cresol — — - | 5 62 67 )
2,6-dimethyl phenol 42 46 88
3-cresol 10 53 - 53
4-cresoli . ' 4 55 59
2,4 and 2,5-dimethyl phenol 17 74 01
2,3 and 3,5-dimethyl phenol 13 74 87
3,4-dimethyl phenol 9 75 84
. Average redévery 11 58 69
. Summary: |
ﬁBecovery of phenol 24
'Aﬁérage fecovery>of'3 cresols 60.
. phenol peaks 88
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imped‘h by the presence of suspended materjial in the non-
3 ' :
centrifuged tailings pond sample. .
. . ' . i
Figure 8 provides a comparison of an acid

wk

extract GC-FID chromatogram produced in this project with

that of MacKinnon (1984); GC conditions may not be the
’

same. = The GC-FID peak times and areas from the TTP acid

' extract (top chromatogram), combined with the peak times

At

\\_ 2nd areas of an aikyiated phenol standard found in Figure

K

9 were used to calculate the phenol concentrations’

1
S

-

recorged in Table 5. Table 7 illustrates the variagﬁlity,
" knd ihe constancy of GC-FID retention ‘times of an
ﬁ_‘alkylated phenols standard injected manually.
. . Figures 10 and 11 provide GC-MS ev1dence of the
pre§ence of aikylgted phenols identified in the GC-FID TTE
fiﬁQcidchromatogrmmu o . . L ‘qg
o MacKlnnon (1986) identified 130 ug/mL phenols *in
’f}tréated tailings pond water. The concentration reported
‘hwgln Table 5,‘(212 ug/mL), ‘calculated in this project is

\

"hlgher,iyet comparable. - ) \
N b

v i No- literature was found reporting fish tainting
i%to occur at the low wastewater phenol concentrations-

'identifled in this proiject.

' 5.2.3.

Alkylated benzenes are

¥ founé in the base“Treutral extract,  as illustrated by the

-
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vComp&rison of ‘WO . GC-FID chron)atograms of acid extra.cts
from, treat:ed tailihg,g pond water; top.~ from this pro—’ n
ject, at 10% of fu11 strength, the bottom - adaptea from
. MacKinnongz (‘1984},
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T 7.71 o . phehol . o .

G '8.54 L . . 2-cresol : .

e > . 8.84 /T 2, 6-dimethyl pheno .
<.9.01 .. . 3 .or 4-cregol"’

g.81. ., -, . 2,40r 2,5-'-.dime'thy pPheno

L N 10,28 ° Y " 2,3 or 3,5zdimethy!-pheno
N_. S € 8 65 ‘s .- 3,4 dimethyl phe%l

" #igure 9. GC ~FID. chromatogram of a%alkylat‘é&‘ﬁ'ﬁenol
: vy standard _ - .
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‘0

‘GC- FID retention times of phenols in an
alkylated phenol standard. =

Table 7.

+

! Jr.
R Y
",;'l;'? - -

phenol 7 LB PR X T 7Y 770 7.69
2-cresol 866 854 663 853 -852 8651
. 2,6-dimethyl phenol 6,85  8.84 ©.84 884 883, 8.82
"3 and 4-cresol §.03 ,9.00 9.0 903 901 900

2.4 and ' " L v '
2.5-dimethyl phonol 9.83 9.81 -9.81 9.81_ 9.80 9.79
'g,s-dingmylpbenu 1029 10.28 10.26 10.28 10.27 10.26
3,4-dimethyl phenol 10.66 £ 65 10.64 10.64 10.63 10.62

K a ' .

. L

- 4 T
Harch '23- - March 26

. 1 1 2 3 4 12
y \ % L
’ . iR ’ )".: | 2 ¥
phenol (R PR 2 SR EOR N PO O L A
P2-cresol 9.6¢ . 8653 854 8.5 8.5 654
" 2,6~dimethyl phenol. §.64 8.84 8.84 .84 863 884
'3 6nd (-—‘cr,espi - 903 9.03 904 9.00 9.01 9.01
. J z s-dnethyl phenol 1 9.61° .9.81  9.81  9:81. .9.80. V.82
3, S—dnethyl ph‘enoZ_L 10.28 10.28 10.28 *.10.28 10.27 10.29
© 3,4-dimethyl phenol’ 10.64 10.64 10. 65" 10.64- 10.63 10.65

¥) e
B
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percent recoveries given in Table 8. Table 9 provides-the

concentration of alkylated benzenes found in treaﬁed;

BRI

-

tailings pond wiz?r (TTP) . These,concentrations are‘based

on comparing pe

neutral extradt (Figure 12) w1th those of the alkylated

-, ]

o chromatograms of‘base-neutral extracts of Mildred Lake and
» r : : . : .
five taillngs pond derived waters. - An FPD - Flame

P

| Photometric Detector was used for identifynng polynucfbar

g\ddg the peak areas, and fthe 11, the concentrations of

- £
. . organic sulphur (PA*) compounds ﬁerived from the. GC-FPD

‘_'ﬁpeak areas. v Potential tainting- compounds such Aas:

¢ .
’6
!ﬁ%eﬂzothlophene,rdibenzothiophene,Iand their alkylated

. J

. ‘ )
! ..derivatites are found in thlS extract. - A correspondence-

A
eXlStS between the concentration of organic sulphur in the

SN analyzed v??éers and the’ "deteq}tabilty of tain‘t" (9

‘e .

' . . i . . s L i - . X
. . Vo " . . ¥
» . y o , Sy . )
. . K
- o . ‘ .

times and areas found in the'TT base—

aromatic sulphur heteroc‘yal&\ﬂ’ASH compounds) Table 10 ‘ ;

L

“j%etectabﬂe)'ﬁoted’in{fish'exposed‘to ﬁailinds pond~

, . . .
Q .

vy
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 Table,8 Percent recovery of alkylated benzenes ‘which, had
e - .- been added to a water sample and “kén solvent .
DA ' extractéd under base-neutral and acid conditions.
‘L. ‘ RPN - \.“‘o\
/ % reé,pyefy
.’ Q‘ ' ° ' ' . . .
; base/neutral
ethyl berzené e . 86
1} oo . ) . ’ o \‘°. . . . .
3-xylene S ‘ V\L 93 N b
2-xylene = s %"A 93 . 0 |
l-methyl ethyl benzene .- L § .93 : 0 .
4 ‘ ‘ e T .
n-propyl benzene . : 90 S 0
‘ o " : .. ")
. 1,3 .5—trimethyl be&ene e 92 * 0
4= 1so&opyl toluene o S 92»»‘.,‘ : o
. o R .
s -butyl benzene ' ' v 98 0
. :?f . .‘{ K . ».; . - .
Average recovery. : o T T 92, . R ¢
) _ n-
\ )*’:n

s T e . O - | - A . | k
/ | \ R ” JE o o 4\.\_
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Table 9. Alkylated benzenes (ug/L; in treated tailing

pond (TTP) water,_xe&yhﬁt“extracted under base-

neutral conditions. “jedg !
% SR
Vf,: o ‘ ' o TTP water
v : ; @
ethyl benzene oo : o A 0.4
3sand/or A*xylene , ' v © 7.1
@;% 7, 1 ‘
ﬁf 2vxyLene’ PR o B
l1-methyl ethyl beﬁiene’ - ’f'f-&
. N I S ) oL . -

_ - n- pmpyl benzéhe : o - % N.Da
1,3,5- trimethyl bé!&eneo - ' 6.9
4—1soaiepyl toluene ° . S . 44.0
" utyl benzene , R N.D

L . .
otal:
Xylenes only : | , 99.7.
All benzgnes ‘ ' 154.8
' ‘¥ ‘ . \ '

e

aN.D - Not detected.

713



Figure'12.

Alkylated Benzene ° |
A}ky1ated'PQFnol =

o oo
L

!
\

GC-FID hfomatogram of treated ta111ngs pond
water base-neutral ‘extract (10% of full
strength). o,

o
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Flgure 13. GC FID chromatogran\ of an’

4

standard
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\

" 4~-isopropyl toluene (p—cymene)

alkylated benzene
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’A n .
. Tahle 10 nganic sulphur in fish exposure waters (solvent
extracted under bese/neutbal conditions only) as
T detected by GC-FPD, g,pressed in GC peak areas,
. ' i : ;‘
Areas from GC-FPD chromatogram
. peals (x 104)
' b}
Peak 1 Peak 2 . ) Detectability
onlya onlyb Total Areac " of Taint
—
Tailings pond (TP) 170.0 250.0 17000.0 . N.Ad
Treated TP 56.0 23.0  3600.0 8.7
1 Year Stored ‘ 8.0 ©50.0 ©1700.0 5.1
Catchment Basin 2.0 . 33.0 650.0 4l
6% TP | 0.0 7.0 25.0 3.1 ’
| L) .
Mildred Lake 0.0 2.0 10.0 , 0.9
;gfak 1 - repreéents the retention time of benzothiophene. ‘f~
eak 2 —irepresents the retention time of dibenzothiophene.. N .

*CTotal Area - represents the total area of all peaks excluding the
first 3 min. of gc ryn to avoid solvent area interference.
dN,A = not appllcag!e,‘no fish exposed to this sample,




. - "
- e T .. ) _ K S8 " o 8]0
Table ll&.; Organic sulphur compounds (p.g/L) in fish . |
...', - exposure waters (solvent. extracted under.base- .
SR neutral - condltiohs), as deE’é ‘Eed by GC-FPD. - ° .
\ . \ ‘ . 8 . ) ‘ ' , . L
' ‘. ‘. | B ‘ . ") - v " ] ‘ . A e » . 3 ) | PR . 4“;
Total Total v S l\. ,
. o : . Ox;g-'s, Oxg=-8, - Detect.
Fish =~ Peak 1  Peak 2 represent  represent . of .
exposure water . on_‘lyaf__-. onlyb as Bth as DiBth- Taint
t _ . . l . \ - o \\‘ : ' .. - : « X . N / N
. Tailings Pond (rP) 2.6 . 1i.0 T 271.0 783.8 .  N.Ad .
| Fohru E o ‘ “\Q’ o T e o
. Treated TP 0,9 1.0 > 56.8 164.4 - 8.7
l.year stored TP - 0.1 2.2 ... 26.0 175.2 5.1
\i‘cathent Basin  0.03° 1.4 - 10.1 29.1 4.6
. . . . ) L . " ‘\' 5 o .
6% tailings pond N.pc - 0.3 0.4 . - .\1:1° 3.
. o | o | . . L . |
. " 'Mildred lake - N.D . 0.1 g 0.2 0.4 . . 0.9. ‘
A ~ L S S , ¢
aRepresents. the retention time for benzoth:.ophene (Bth)
bRepresents the retention time for dj benzothiophene (DiBth).
,Cai,ot -detected. dNot applicable, no ish. exposed to this _sample.
e . . . i b s .
hp ' L
\ M "\..._\‘ .
4
_.—/ U i 7
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is decribed in . terms of concentrations benzothiophene and .

. N

"dibenzothlophene This approach of reportlng total peak v

~

area in terms of a spec1f1ed compound was used ‘in

. iy
K\reporting PAH concentratlons in flsy blle detected with

‘HPL@- fluorescence by Krahn et al (1986)\and Morgan et

'\

al. (1987) In the curr 1t 1nvest1gation, thls @pproach'

iy # N\

resulted 1n a three tlmes-hlgher concentratlon of organic

: .“
EH L

-, In Table\ll the total area of the sulphur peaks“

sulphur (PASH) when _expressed as ‘dlbenzothlophenev~as,ﬁ-

r /
]

I S
_compared to expre881 g it as benzothlophene

#he zmﬁ/ent extractlon method used here: for\

‘ measuring 'Concentratrons 'of_ alwylated phenols and

/o
benzene37=and—organic sulphur compounds 1s llmlted in. its

abllriy to retaln the more volatlle compounds such as‘

*

'phenol, benzene,

/

analy21ng the volatlles in the*space above.the wastewaterp

/r -

(purge and trap head space -analy515) may -be a more.'

'sen31t}vepmethod, as in Mur;ay et al (1984)

?_oluene and thaophene ’ Trapplng and
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5.3 BILE- ANALYSI§ ,

_Bile was analyzed because of.its function as a ™

Vethle for«the excretion of organic compounds foreign or |

- \ \

toxic to thekorganismn Foreign-organic compounds, eg.

2 .

drugs in humans, or petroleum compounds in fish are

‘~metabolized to less lipid soluble, more water soluble

, substances by "the liver in .order to. enhance"'their
7"exc:eetability The metabolized compounds‘ are 9then

transported from the, liver by Dblood transport to the
\ £

! L . PR ’ L o . ‘ .

;the liver by bile to the gall bladder,, to the small

intestine’and_excreted with théifeces.“ |

5.3.1 HRLC_resnl;s. eAs mentioned in Section 3.4.2,

HPLC—ﬁlGoregcenceéwas used by Krahnret al. (1984, 1986)

~ and Malins et al. (1985a, 1985b) to 'identify a correlation

'between concentrations of hydrocarbon metabolites in fish
;bile and the prevalence of flSh 11§ér leSions". HPLC bile
analy31s, in this 1nvestigation did vnot reveal a
correlation between hydrocarbon metabolites in the bile
\

Figure 17 provrdes chromatograms of raw bile

~and the detectability of a petroleum talnt in fish..

injected directly  into HPLC The results are”

“inconclusive— Bile extracted from control-trout at

R

4 }

a2

kadnez/agd.@;creted with the urihe; or transported from =

-
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Figure 17. HPLC chromaqurams of raw bile injections from:
control-trout. sampled - at (oilsand-free)
-~ Winnipeg, Manitoba {(upper); trout exposed to
' treated tailings pond water (middle); and trout
- exposed to Mildred.Lake water only (lower).
- * ) T / y . ’;q_" .~

- 4



) - . . = . - ’ - . '
e , : . . . ‘«,“ , w" - . R . o Coe e
. B N ‘! . ) ‘ N - "
‘ . ' o , o Co . ’ [

oilsand free Winnipeg, ‘Manitoba revealed comperatively,~

little fluorescence ' | .> X

7

Bile § om/{?out exposed to Mildred Lake water
only e&hibited ) greater fluorescéﬁce response tha%'bilez
from the most talntlng exposure water, namely treated~

tailings pond water. ThlS result is unequcted Because‘

the  Mildred, Lake 1ntake is downstream from the Suncor

dlscharge, it is possible that thg'Mildred Lake respchsep

v
R4, 3

represents anAextgemely sens;tlve response to,veryulow ‘

- levels of hydrocarbon exposureﬁ * AS ﬁell,“the Athabasca

River_flOWS»tthﬁgh s&megnatural outcrops of bitumenzwhich

may contripute .low levels ofihydrocarbons to. the river and

f]

bthereby to Mlldred Lake. , Howéver, no firm condlusibns can

be made from the results of thlS 1nvestlgatlon‘canerning‘V

“the " relatlonshlp of fish’ tainting a‘dTHPLC fluorescence

response. ),

. 5.3.2

FID peak areas given in Figure-18; a recovery.of 71% of a’

_‘1 naphthyl glucuronlde splke was calculated Y )

4

in bile from fish exposed to treated tallings pond wa%erw;

These results, based on GC FID chrématogram peak areas

(Figure 19), are. supported by GC MS TIC's of an, alkylated

)

/’

Based on the GC-

j Table 12 prov1des the cpncentrations of phenols
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Figure 18. GC-FID. chromatograms of a l-naphthol standa?d
(upper);. and fish .bile to- which 1l-naphthyl"
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‘Table 12.. Alkylated phenols (ug/g) in bile’ from fish
. exposed to treated tailings *pond watd& (TTP);,

analysis in triplicatea

-

3

7

3

'mean t standard deviation-

L

| . TREATED TAILINGS POND.
T ~" 'EXPOSED FISH BILE.

.

phenol
Zferesol.
3 and/or 4-cresol - ; ". -
2,3 and/or 3;5—dipethy1 phenol
2,4’and/o;‘Z,S;ddmethyl,phenoL
2;6-dimethyl phenol'

3,4—dimethyl phenol -

'HTotal'phenol: . . n ﬁ'“
'~Total cresols ;
Total dlmethyl phenols

_Total phenol, cresols and dimethyl phenols
m

0

17.4 £'3.6
. 19.
17.
88,
0.
10.
0.
36.

117

.3+0.6

2 2.9

5% 1.4
| £20.5

4
6+1.0

;

.2

154 .1

\

7 ¢ 0.6(

K

{

aIndﬂbldual results are presented 1n~Table 18, Appendix I.

8

&
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and in treated talllngs pond water (lower)

K

Figure 19 GC- FID chromatograms of hydrolyzed blle from
trout held in Mildred Lake water only: (upper),



‘extract’s.

N

phenol standard and the TTP h;le,exﬁract.qiven in Figure

| 20, B L o

Whereas phenol concentrations in TTP water End

TTP water exposed fish fillet were 4n the ppb range, in 

/
TTP bile - phenols were recorded in the ppm range

Apart from ;peated tailings pond water, ahd six

peicent whole tailihgs pond water (Figure 21), no other

water exposure produde&aany detectable phenols or any.

other mg;abolites in. the enzymatically hydrolyzed bile

¥

The effect’of the glucuronidase enzyme oh.phenol

" metabolites in bile can be seen‘in'Figure'Zz. Without

thisAenzyme,rno metabolites would be detected.‘ Phenols,

likely of tailings poﬁd origin were conﬂugated with

giucuronio:acid to assist indtheir excretion. "Another
possibility is that the trout were taking up xylenes from

the tailings pond water pnd oxidizing'th m to dimethyl

phenolsw(xylenols), either before or fter conjugation

with glucuronic acid. ‘Inktheir,c _jugated fofm these

s

compounds are not volatile enbugh to be detected by 'GC-

FID.
Since no metabolites of any sort were found "in

the'catchmeht basin and one-year stored tailings pond

exposed bile extracts any attempt to fonm-dxreletionship'

between bile metabolites and fish tainting are stymiedr
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Figure 21. GC-FID chromatogram of bile extract from
v - fish exposed to 6% whole’ tailings pond water.

-

-



2y

P.= Alkylated phenol

1

P
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'Flgure 22. GC-FID chromatograms of bile from trout exposed

to treated tailings pond water,

févealing the

.zero effect of buffer (only) on bile hydrolysis

(upper), and buffer plus enzyme (lower).
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It may be that other iconjugates) types of metaboﬁites Sra

prééent, which do not respond to glucuronidase enzyme, egq.

mercapturates. , .

Most fish bile'%nalysis for petroleum compounds,

either by HPLC or enzymatic hydrolysis has beeh performed

on\marine~fish. Perhaps freshwatrer fish are markedly
different with respect to their met&bolism and excretion
mechanisms of xenohiotid organic compounds.

Bile analysis.was performed in tripli&ate in

s

ordgr to determine the reproducibility of the resﬁlts, as

)
was the sensory~an§&ysis. Because of time constraints

there was no replication of chemical analyses of the
w?§f;water and fish fillet tissue, therefore their
reproducibility is unknown. ' )

el

5.4 _TISSUE ANAMYSIS

——

Table 1 provides the percent recovefy of
]

alkylated naphthalenes, benzothiophene  and

dibenzothioﬁhene which had been added to a fish fillet

. sample and then recovered in the florisil-hexane fraction.

The average percent recoVery was 81%. More volatilé

.

compounds such as the .alkylated benzenes, phenols and
thiophenes would likely have a lower recovery because of

the many steps in this method during‘yhich they could be

) '
lost to the surrounding air.
. ’ Al

/

"
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" Table.13. Percent‘reeevery of. seleeted aromatics which had:
L " . been- added to fish flllet tissue,

hexane fractlon ’»

~

florisil _;,

-

. Compound

Pereent;Recovery_

L haphthaleqé'
G
’,benzo;hiophene_
_ 11methyl naphthalene -
'2,6-dime£h§i‘ﬁéphthelene

o

;2,3,5-tfimethy} naphthalene

‘.dibenzothiophene'

©

765

7 v;99'

78

———

.74

-
e,
.

‘ v . -
S . - i
.‘\
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From Table 14 it is apparent that phénols will
 not- elute i$,the florisil hexane (non- polar solvent) |
g‘fraction. | pCM, a polar solvent,_combined with a 10%

‘v(distilleé/water) deactivation of florisil was required to
obtain full recoVery of an alkylated phenol spike All

alkylated benzenes, PAH Sy. and PASH compounds, being less;\

‘-

polar, are eluted in the less ‘polar hexane fraction
N f - JAlkylated benzenes were identified by GC- FID ‘and
GC MS in the hexane fractions of some’ of the trout fillet

e \

tissues TFigure 23),.however it was later found that some ,

. . .~
k‘of the hexane solvent used in the GPCdand florisil cleanup ’
\procedures may have been contamlnated with alkylated :,:

. benzenes.y Therefore .no alkylated penzene concentrations

,in tissues can be. reliably deduced from the results. v ')
‘ ~3 ‘f Table 15 provides the concentrations ofe ’ //
alkylated phenols found in” fillet tissue from fish exposed | -

-~

to treated tailings pond water, Hased on GC*FID peak areas

f
.from the florlsilbcleanup extract, DCM fraction These GC— //

—

FID identifications are supported by thj GC- MS results

extract TIC is &

'z e C
1llustrated An Figure 24, whére the tissu

-/

=
~~

'compare? to a TIC of an alkvlated phenol standard Figure
vaS, ‘'showing mass spectra of@dimethyl phenols in TTP water

,"exposed fillet tissue, prov1des further support.
" 7,-3 A comparison of GC -FID. chromatograms of*TTP and

MLK water exposed flllet tlssue (Figure«26) reveals the

. . »
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Table 14 Pef ent recovery ‘of alkylated phenols splked onto .~
S A deaggfvated florisil columns, , :
» : . : | t
% recovery ' o .
. . * - from either © % recovery- - % recovery
L ce ] .5 or 10% - -.from 5% * from 10%
: - deactivated ., deactivated _ deactivated '~

. ,floric1l - florisil - °~ . florisil -

, Hexane fraction = DCM fraction = DCM fraction -
Pherol . 0 > - o720t 103
2-cresol - : 0 ‘ 73 & 102
3 and 4;¢fesol .0 - .35
2,3 and : : - .

3,5 dimethyl phenol‘ 0 7L ‘
«2,4_and* | o AT
2,5 dimethyl phenol 0 g N
‘.2,6 dimethyl phenol . 0 - 73 " o
3,4 dimethyl phenol 0 - 69 SRS o} Fan
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Flgure 23. Xylenes as revealed by GC- MS in .fillet tissue
“from fish exposed to treated tailings pond

water,
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Tabie 15. Alkylated phenols in treated talllngs pond
' (TTP) exposed flSh fillet

L

P ) : . LN
. . \k -

- ' ‘ ‘ . Average of two fish

. . (Kg/Kg)&
'phenol
| . 46.3
\_ - ) ' v N
2-cresol ‘ : : :
S . 125.0
3 and/or 4-cresol ¥ _‘ .
TN | S 135.0 - |
' 2,3 and 3,5-dimethyl phenol o -
: \ 108.8
2,4 and 2,5-dimethyl phenol L
Ny . : ©165.4
2, 6-dimethyl phenol ) |
: ‘ - 13.8
3, 4-dimethyl phenol _
' 67.6
{
;Tota; phenol: o , T 46.3
Total cresols: A, o 260.0
Total dimethyl phenols: = o .355.6

- Total phenol; cresols and dimethyl phenols: 661.9

i

aCalculated from GC peak areas.
' s
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Figure 26. GC-FID chromatograms revealing akylated phenols

in fillet tissue of fish. exposed to treated
tailings pond water (lower), and the absence of
_phenols * in fillet from fish held 1in
dechiorinated water at the University of
Albe;ti (upper), florisil DCM fractions. '
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;absence of phenols in the MLK water exposure. The GC-FfQ' .
ohromatograms'hre supported by GC—MS scans of the two
.'méjor-ion fragments of dimethyl phenols (ions 122 and 107).
in TTP and MLK fillet extracts, as shown in Figure 27.
| The most abundant alkylated phenol d@tected in
‘the fillet tissue (as well. as in the bile and wastewater)
was 2,4 and/or 2,5 dimethyl-phenol. The levelfof 2{4
'and/Of 2,5 dimethyl phenol detected (165 ppb) is,near the -
.threshold odor level reported by Jardineland.Hrndey (1987)
irof 210 ppb (ng/g, or ug/kg> The total amount of all
dimethyl nhenols (356 ppb) and all phenols (662 ppb) are -
well above'the reported sensory threshold. , Howevef,:
because of the'presence of PASH and other‘fetroleum
sCQ@pognds, and in addition the p0381b111ty of synergistic:
effects (mentioned in Section 3 3), it is unlikely that
’ the pnenols were solely_respon51ble for the very strong‘
taint detected with tne fish exposed to treated,tailing

4

pond watef.
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6.  CONCLUSIONS

'Sensory'evaluatidn révealed that three of the
four selected tgilings pond wastewaters siénificantly
Nt;inted rainbow trout after 24 hours exposure. In'the
fourth case, unexpected toxicity problems encountered with
the one yeaf "sﬁored" taiilﬁgs‘pohd water forqed the fish
that were still alive to be harv?sted.after only 2.5 hours
expogure. A significant taint was Mevertheless recorded
following tﬂis short exposure period.

Treateé tailings 'pohé water gauéed the most
detectable taint ;of the four tgilin§s~ pond derived
wastewaters tested. The.presence.oflphenol,.cnesols and

dimethyl phenols were tentatively identified by GC-FID and
confirmed by GC-MS in ;réated tailings pond (TTP)
wastewater, and iﬁ fillet tissue and bile fram rainbow
trout exposed to TTP water. These,comppuhds were no£
présent in Mildred Lake referencg_watér, fish fillet and
bile samples. - | |

- Whereas cohqentratibns of dimethyl phenols in TTP
water and .TTP. water‘-exposéd fish tissue were quite
similar, TTP water exposed feésh biie showed much higher
concentrations of dimethyl phenols. o \

Totalz(COncentratioﬁ"of dimethyl phenois :in_
fillet tissue from fish exposed to treated tailings pond

' iS'abové\§ﬁe detection threshold for Z(S-dimethﬂ} phenol
. O y

-

&

103
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reported by Jardine and Hrudey (1987{. On this bﬁsis it
can be concluded that phenols added to the t;int of at
least one of tﬁ% sefected tailing% pond wastewater fish
exposures, namely for the most:tainting wastewater "~
‘treatéa tailingg pond wapef. However,‘because other
peproleuh compounds wefé ﬁresent, and because of the.
potential keffect ‘of synérgiém, the total phenols
,qonééntration was likely insufficient to exélain the
stroﬁg taint observed with. the fish exposed to”nggated '

tailings pond water. |
" dfganié sulphur (PASH) compounds wére identified
; by GC-FPD in tailings poﬁd wastewaters. In fact, tﬁere w§s'
'a’correspondence'between the concent:ation of dfganic
sulphur cbﬁpounds in the exposure waters, and the
"detectablity of taint"™ from the senSoryrgyaldation.
Sulphur compounds however wefe not detected in bile or
tissue from any of .the expoged fish analyzed. Therefore ne
direct relatiohship' between concentrétion - of
‘benzothiophene-like sulphur compounds and ?éetectablility‘
" of taint" was demonstrated. ” | 1
Bile analysis by HPLC may provide a relativeiy
Y simple and inexpensive method for monitoriqé the presenée
of oil cdmbounds in lakes -and rivers. However, the

finding of high levels of bile fluorescence in untainted

Mildred Lake reference fish indicates that more research.

-



~ : S\ '
is needed to understand what compounds are contributing to

“the observed fluorescence response.

10



7. RECOMMENDATIONS \

Because the fish tainting potential of tailings

-pond Qastewaters has been demonstrated, this impact should

¢

be an important considerétion in contrglling tailinés pond»

*

discharges to the Athabasca River.:

S . 106
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1. Table 16. Data from thé,sensory'analysis performed on .
. fish exposéd to tailings pond waters.

P

2. Table 17. - Statistical table used to determine whether
a significant difference in taint occurred .
between fish exposed to test waters, and
fish exppsed'to Mildred Lake water only.

3. Table 18. Alkylated phenols (Mg/g) in three samples of
hydrolyzed bile from fish exposed to treated '
tailings pond water. .

116



'

3 - B

Table 16. Data from the sensory ana(;sis performed .on fish
exposed to tailings pond waters.

‘ ﬁ.muhmm.m_hw TaP{TeaKlL YIL PN 6% LUK
1 ] 1 1 1 2 1 2 9
2 1 1 2 3 1 6
3 1 [ [N 4 2 ¢ 19
2 1 ] 1 1] 1 I
2 1 2 3 1 [HIEN R 9
R 3 [ . & Y 3 [ il [ 9
N\
3 1 8 2 2] IR 9
2 4 3 { TRIF 9 9
_ 3 1 3 1 ‘ [
T T 1 1 1 9 141 9
2 ] 2 2 9 Il 9 9
3 ] 1 L) : ] 9
s ] 1 4 2 4 -2 8
2 2 [} ¢ B )
3 4 1 3 8 ; 1 [
€ 1 5 3 3 g8 112 3 9]}
2 1 2 1 s 2 9
3 3 3 1 3 7 6 9
7 1 ) 1 I K ) 6 ]
" 2 2 1 xS 3 S )
3 4 2 4 9 3 1 7
8 ] 1 . 1213 s 3 €
2 1 3 1 4 2 2 9
3 2 3 2 HERLF 9 |
-9 1 3 s 1 [RIE 2 (AN
2 T 3 s 8 6 ) 19
’ ] 6 7 7 9 i K]
T s 113 | 2 L 9 1 1 9
2 1 3 ‘4 7 7 9
3 3 4 3 S 7 3 9 I

This table provides a 1list of judges in column one,
sessions {p column two, and the judgements given in the
"paired comparision" test in the remaining columns. The
numbers (1-9) provide thd "detectability of taint” noted
by each judge (panelist), with "9" being she max1mum

detectable taint.: '
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NOTE:

" The matggialboriginally displayed on this page has
been removed due to the ‘unavailability of copyright
permission. | |

‘The material removed contained a one-tailed and two-

tailed statistical table that was wused to determine

whether a significant taint occurred between fish exposed

to test waters, -and fish'exposed to the Mildre&ﬁLake

.reference water only.

The original source.of this material is:

. .
e

v

Roessler, E.B., G.A. Baker, and M.A. Amerine. 1956. One-
. tailed and two-tailed tests in organoleptic
comparisions. Food Research. 21:117-121.

ra /



119 -

'

Table 18.. Alkylated phenols, (Hg/g) in three samples of
' hydrolyzed bile from fish exposed to treated
tailings pond water. ’

Bile sample number’

Compound A. ' 1 ; ;2 ’ 3
phenol . . 0. 1.0 . 0.
2;cresol \ ,‘. 13.9 21.0 17.4
2,6 dimethyl phenol 0. 1.8 o,
3 and 4-cresol 16.6 22.3 18.6
2,4 and 2,5 diﬁethyl | '

phenol 111.0 : 83.3 \ 70.9
2;3 and 3,5’dimethyl ‘ _ g
-phgnol _ 16.1 18.8 17.5
3,4 dimethyl phenol 10.4 11.4 . 10.4




