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“ABSTRACT

Chemical compounds associated with oil sands extraction zmdhpgmding
operations have been implicated in fish lainting problems i‘x;\thc Athabasca Rivg‘,
north of Fort McMurray, Alberta. This study determined de.tection threshold levels

~ for selected compounds judged to be candidate tainting compounds in oil sands
wastewaters. These compounds wére spil;ed in walleye (Stizostedium vitreum)

flesh and subjected to odour detection by a screened and trained sensory panel of
eleven memt;ers.

A preliminary examination of sensory evaluation methods determined the
Consistent Series Test to be a more sensitive test for threshold detection than the

Modified Triangle Test. . »
Of the twelve co'mpﬁunds tested, four vévere not pursued for determination of
threshold detection values because of poor detectability by the panelists in the
preliminary tests. The taint detection thresholds of the other eight compounds
ranged from 0.09 mg/kg for benzothiophene to 12.2 mg/kg for 2,6-
dimethylnaphthalene. Repetition of the test for benzothiophene under different
conditions produced similar thresholds (0.09 and 0.12 mg/kg), suggesting that the
determined threshold values are independent of both the range of concentrations
presented and nature of the carrier solvent used in spiking the flesh with the
compounds., - h - .
s Analysis of the spiked fish tissue showed that poor ana‘lytical recoveries of a
compound can be directly related to increases in volatility, and that the analytical

values may often underestimate the concentration of a specific compound in fish

- tissue. Good analytical recovery for relatively non-volatile compounds, such as

L]
~



dibenzothiophene, contirmed the uniformity of the spiking: technique used in

sample preparation.
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o INTRODUCTION

Il BACKGROUND

Alberta, Canada has an estmated 210 x 10Y m? of hydrocarbon reserves, of
which about 200 x 109 m3 (or 95%) is found as bitumen in four large o1l sands
deposits. The best known oil sgm:ls deposit is the Athabasca deposit. About 10%
of the 112 x 10% m? in this deposit 1\ covered by less than 60 m of overburden and
is presently being surface mined. Two commercial-scale plants near Fort McMurray
have been producing synthetic crude o1l from the bitumen for 10 and 21 years,
respectively.  Chremical compounds associated with o1l sands extraction and
upgrading have been implicated in fish tainting problems in the Athabasca River,
north of Fort McMurray.

The lack of adequate infonnatio{on fish tainting concerns associated with

ds wastewaters becarae apparent following a closure of the commercial

1 ~m 1982 because of petroleum-like off-flavours.” This tainting incident was
cotncident with upset conditions at the Suncor oil sands plant dunng the winter of
1981-82 which resulted in a substantial discharge of hydrocarbons to the Athabasca
River under ice conditions. The resulting investigation showed that little is known

‘about the fish téinting potential of compounds present in the process and discharge
waters.

As the older of the two plants, Supcor's present operating licence allows for
discharge of upgrading plant w—astewatcrs into the Athabasca River. The second oil
sands operation, Syncrude Canada Ltd., has been operating under a requirement for

zero discharge or total containment of wastewaters since start up in 1978. Further

motivation for examining fish tainting concerns arose from the recent request of



Syncrude to Alberta Environment to establish sl;imlurds/guidclincs for treated
wastewater discharge from the plant to the Athabasca River in anucipation of the
eventual need to decommussion the site and tailings pond area.

In rcspm;sc to the demand for additional quantitative information on the fish
tainting concerns related to oils sands wastewaters, Alberta Environment has
ininated a research program on the aquatic fate of hydrocarbon compounds in the
Athabasca River. This research addresses one component of this program,
specifically the nature and quantity of specific chemical compounds present in oil
sands wastewaters that may result in fish tainting. Walleye (Stizostedium vitreurn)
ussue was spiked with a range of concentrations of each compound, and I‘he

threshold detection levels determined using a screened and trained sensory panel.

-

1.2 RESEARCH OBJECI‘IVI&S
The primary objective of this research was to determine the detection
threshold values in fish tissue of specific chemical compounds which are present in
oil sands wastewaters and are also suspected of being capable of tainting fish.
Secondary objectives were:
1. To determine the most appropriate sensopy method for evaluating
detection thresholds of hydrocarbons in fillh tissue.
2. To develop suitable procedures for spiking and presenting the fish
samples for sensory evaluation.
3. To assess the perfo;mancc of a screened, trained sensory panel in

threshold evaluations.



4. To consider actual detection threshold vnlués \wth theoretical
bioconcentration factors for specific hydrocarbor@)mpounds.

5. To develop suitable analytical methods for determining the
concentrations of specific hydrocarbon compounds jn fish ussue.

6. To compare spiked and analytical conceﬂ!‘ratféns of hydrocarbon
compounds i fish tissue, and relate the denved threshold values to

actual tainting occurrences.

1.3 STUDY AREA

The area of concern 1s the Athabasca River, north of Fort McMurray to the
Peace-Athabasca Delta (Figure 1). This section of the river is the receiving water
body for the discharge of the treated upgrading plant wastewaters from thesSuncor
plant and would be the receiving body of any future discharge of treated

wastewaters from the Syncrude plant.

4
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Figure 1. The study area (modified from Research Management Division, Alberta
Environment).



2. LITERATURE REVIEW

2.1 PREVIOUS FISH TAINTING INCIDENTS

v'I‘ainting is defined as a change in the characteristic smell or flavour of
fishes, and is of concern bccause.it may decrease desirability and-marketability of
the commercial, domestic or recreational fisheries (Trudel 1986). Tainting is
considered ;o exist when the concentration of any compound in fish tissue meets or
exceeds the detection taste and/or odour threshold for that compound. The
determination of detection threshold values of suspected tainting compounds is thus
important for regulatory control and monitoring of potential sources of tainting
compounds.

The problefn of tainting of fish and other aquatic organisms from ol and
petroleum compounds has been internationally recognized for many years. In
1982, the IMCO/FAO/UNESCO/WMO/WHO/IAEA/UN/UNEP Joint Group of
Experts on the Sci\entific Aspects of Marine Pollution (GESAMP) (1982)
established that: (a) crustaceans, fish and molluscs exposed to oily conditions can
acquire an oily taste; (b) the taste is intimately associated with the presence of
volatile compounds derived from oils or dispersants; and (c) the range and quantity
of gglourous compounds vary with the nature of oil.

The presence of an "oily" flavour has been c;rrclatcd with the presence of
petroleum hydrocarbons in fish flesh in areas around the world where there have
been chronic djscharges from petroleum réﬂncﬁes, ships or shore-based industrial
facilities, or where spills of crude oil or refm_cd petroleum px:oducts have occurred.

Tainting has been associated with diesel fuel, crude oil, Bunker C, gasoline and

refinery effluents (Tidmarsh and Apkman 1986)



In 1950, the occurrence of objectionable levels of an "oily” taste-flavour in
the rainbow trout in the Bow River downstream from Calgary, Alberta was linked
to petroleum refinery wastewater digcharges. Preliminary studies done in‘1958
confirmed that exposing rainbow trout to dilutions of the oil refinery effluent similar
to those found in the Bow River caused tainting of the fish flesh (Anonymous
1958). In subsequent investigations, Krishnaswami and Kupchanko (1969)
concluded that rainbow trout will acquire an oily taste-flavour within 24 hours if
maintained continuously in a water in which the pet‘rolcum refinery waslcwéter is
diluted to a final threshold odour number (TON) of greater than or equal to 0.25
(cz}lculated value). This demonstrated that fish can acquire a taint from wast'c‘waler
diluted below levels which are odourous.

In the spring of 1972, ﬁsh caught through the ice of the Athabasca River,
downstream of Jasper, Alberta were judged unfit to eat by the local fishermen. The
source of the taint was suspected to be a diesel fuel discharge pipe below the
Canadian National Railway yards in Jasper. Chromatograms of the steam distillates
from the tainted fish exhibited the same chemical components (primarily n-alkanes)
present in the diesel oil (Ackman and Noble 1973).

A kerosene-like taint in sea mullet from Australian waters near Brisbane Was
initially reported by Grant (1969, cited in Connell 1974). In further investigations
of this problem by Vale et al. (1970), Shipton et al. (1970) and Connell (1971,
1974), the volatile flavouring substances in the tainted mullet were shown by gas
chromatography and mass spectrometry to be very similar to commercial'kcrc;scnc.
The source of the tainting was originally believed to be from the effluents of two.
refineries on the banks of the Brisbane River. However, Connell (1"9751) later

isolated kerosene-like hydrocarbons from the scwagé effluent discharging into the

-

v
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river, suggesting that this may be the source of the hydrocarbons in the water and
sediment.

Nitta (1972) feported on fish tainting in Osaka Harbour, Japan caused by a

~—-high oil content in the bottom mud resulting from the disposal of oil by ships{.
Further Japanese occurrences of fish tainting caused by industrial petroleum wastes
were reported by Ogata and Miyake (1973). Offensive-smelling fish were caught in
the sea facing the petroleum and petrochemical industries of the Mizushima district

- near Okayama.

Mackie et al. (1972) reported that trout caught eleven days after a spill of
diesel fuel oil in Northern Ireland were found to smell and taste like fuel oil. A
comparison of chromatograms showed that a large number of aliphatic saturated
hydrocarbons and posﬁibly some of the aromatics present irghe diesel oil were also
present in the hydrocarbon fraction isolated from the flesh of the tainted fish.

Although num.crous shipping accidents have resulted in tainting, thé best
documcntcd’cascs are the Torrey Canyon and Amoco Cadiz incidents where
shellfish and finfish contamination was reported (T: idmarsh and Ackman 1986).
However, in the Torrey Canyon incident it was believed that tainting was caused by
the dispersants used, rather than the Kuwait crude oil spilled, since these
dispersants consisted of surfactants dissolvc‘d in light refined oils (GESAMP
1977).

-

In 1973, a spill of 2,200 tonnes of diesel oil occurred after a tanker was
grounded near Finnsnes in the north of Norwé&. Subsequent reports of oil tainting
in the local fish were substantiated by organoleptic testing and Gas
Chromatography/ Mass Spectrometry (GC/MS) analysis of the fish -Qesh (Palmork
and Wilhelmsen 1974, cited in GESAMP 1977).



Tidmarsh and Ackman (1986) stated that the only recent documented case of

fish tainting occurring as a result of blowouts associated with offshore oil and gas
£ .

f

activities was the Funiwa 5 blowout in the Niger Delta. No further documentation

was provided on this incident.

2.2 POTENTIAL FISH TAINTING COMPOUNDS

2.2.1 Difficulties with Identifying Tainting Compounds

The assessment of the specific compounds responsible for fish tainting

problems has been plagued by many difficulties. These may be summarized as

follows:

I.

Tainting can be caused by concéntrations of volatile compounds that
are at the lower limits of analytical detection.

The chemical analyses used to identify many of the potential tainting
compounds are highly specialized and often cannot bc-th‘d to
unequivocally identify the compounds imparting taste and/or odours to
fish flesh. . , >
The metabolic processes of the fish may alter the chemical
characteristics of cdntaminants,.making it difficult to identify, by
chemical analytical techniques, compounds in crude oil or condéngates
that exactly match hydroéarbons isolated from fish deemed to be

-

tainted.
The specific source of the taint is difficult to determine, as fish are
migratory and tainting may occur from biological as well as

anthropogenic inputs.



5.  The assessment of taint is a subjective measurement that is difficult to
treat quantitatively. The degree of taint as assessed by sensory
-perception is based on individual experience and preference. Sensory
evaluation procedures for assessing taint are dependent on ability of
the panelists, their familiarity with the medivm and taiﬁting
supstanccs, the degree and type of training, and the sensory evaluation
method used. . B ’
6.  There is presently no defined standard procedure for the assessment of
petroleum taint in fish flesh.
Despite these difficulties, the published literature yields considerable
-information that is useful for idcnfifying specific oil and petroleum hydrocarbons
_with tainting potential. However, thcfc is very little published information on the

tainting compounds specific to oil sands tailings ponds.

2.2.2 Tainting Compounds Identified

Exhaustive a}lalysis by Birkholz et al. (1987) of the water soluble cxu;;ct ,
obtained from an oil sample collected from the Suncor wastewater pond during the
1981-82 plant upset identified and confirmed the presence of alkylated benzenes,
alkylated benzothiophenes and alkylatcd dibenzothiophenes. Compounds which\
were identified, but not taken to ultimate confirmation included alkylated furans,
indans, quinolines and polynuclear aromatic hydrocarbons.

Wellington Environmental Consultants (1983a, }983b) conducted a series
of analyses on tainted walleye taken from the Athabasca River Aming the 1981-82
upset. Their initial work provided approximate qu%mtitative estimates of whole #

body hydrocarbon contaminant levels, finding 40 to 150 ppb of aliphatic



hydrocarbons, 50 to 1000 ppb of polynuclear aromatic hydrocarbons and 30 to
1500 ppb of polynuclear aromatic sulphur heterocycles. Compounds that were
subsequently specifically identified by GC/MS included dimethylbenzenes,
tetramethylbenzenes and dimethylnaphthalenes. )

Specific compounds in petroleum refinery effluents ard oil-related products
that are readily accumulated by fish and other aquatic organisms, and which have
been linked to fish tainting incidents, may provide further evidence on potential
tainting compounds from oil sands effluents.

Based on a review of the available literature, GESAMP (1977) concluded
that the principal components of crude and refined oil causing tainting included the
phenols, dibenzothiophenes, naphthenic acids, mercaptans, tetradecanes and
methylated naphthalenes. ©  Ogata and Miyake (1973, 1975), Ogata and Ogura
(1‘976) and Ogata et al. (1987) identified toluene as the primary compound
contributing to objectionable odours 1n fish expo.scd to petroleum industrial wastes.
The average concentration of toluene in eels was 2.4 times that in the water (Ogata
and Miyake 1973). The aromatic hydrocarbons, particularly benzene and o-, m-
and p-xylene, were also implicated as contributors to the offensive odour. When
the ratio of toluene cdncentration in eel flesh to that in water was expressed as an
index of 100, the indices of m- or p-xylene, o-xylene and benzene were 28.7, 25.6
and 15.0, respectively (Ogata and Miyake 1975).
! I

Roubal et al. (1977) found that when coho salmon were exposed to a dilute

water soluble fraction of Prudhoe Bay oil for five weeks, they accumulated the

more highly alkylated benzenes and naphthalenes in muscle tissue faster than the -

less-substituted aromatics. C4- and Cs-benzenes and 2-methylnaphthalene had the .

highest bioconcentration factors of 458.3 and 140, respectively. Roubal et al.

L
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(1978) found a sin;ilar pattern of differential accumulation of benzenes and
naphthalénes in Slarry flounder. Fish exposed to 1 ppm of the water soluble
fraction of Prudhoe Bay' oil were observed to accumulate 9000 times the
concentration of Cg- and Cs-substituted alkylated bcnzen‘cs‘prcscnt in the
surrounding waters. |
Woodward et al. (1981) exposed trout to various concentrations of crude oil
and concluded that the alkylatcd benzenes were thé aromatic hydrocarbo‘hs which
fish acqumulatcd to the greatest extent. Woodward et él. (1983) found alkylated
" naphthalenes to be the dominant component of the aromatic fraction of a refined oil.

Cutthroat trout exposed to 39 ppb of total oil accumulated 2.7 ppm of naphthalene.

Shipton et al. (1970) positively identified n-tetradecane, naphthalene and 2- '

methylnaphthalene, and with less certainty, a number of other benzene and
naphthalene derivatives, in the tainted flesh of Australian mullet. These compounds

were also identified in a commercial sample of kerosene. -

Rossi et al. (1976) stated that naphthalene, methylnaphthalene and

dimethylnaphthalene are the major high bdiling aromatic hydrocarbons that transfer
from oils into the water column, and consequcntly are more available for contact
and uptake by -aquatic organisms. Naphtﬁalcnes are also readily absorbcd by
aquatic organisms, but only slowly dcpt'xrated. Gru-enfcld and Frank (1977)

~ suggested the use of naphthalenes and substituted naphthalenes as possible

t

indicator parameters for the determination of petroleum incorporation into aquatic .

organisms because 6f their enhanced availability, rapid uptake and slow depuration.

Oysters exposed to an experimental spill of No. 2 fuel oil accumulated

higher concentrations of the alkylated naphthalenes than the other aromatics and

alkanes. These compound»s were also retained longer in the tissue when the oysters

11



were u'li‘iﬂu‘d to oil tree water (Nett et al 197604, Biert and Stamoudis 1977
in? _
Although kﬁmiu caposures using mumimichogs (amanne fish) resulted i the same
dlfrcn*nu";I accumulaton, the fish accumulated substannally higher concentrations
of the compounds than did the ovsters . The mumnuchogs also tended to retain the
compounds i thenr tssues longer than the ovaters (Biennetal 1977, crted 10 Nefl
1979
Clams exposed far 24 hours to the water soluble traction of No. 2 tuel ol
(total dissolved h)’(ii«m‘ill’lmll.\ of 628 ppm) accumulated 136 ppm total
;\;1;3?1(11;11(‘11(‘5 in their tissues. Methvl and dimethvinaphthalenes were the forms
‘rv;u"hmg lh(‘_ﬁlghcs( concenrrations ( Neft et al. 1976a)
! o .
‘ These results were corroborated by Stainken (1977, 1978), who found that
monomethyl. dimethyl, and tnmethvlnaphthalene 1somers were the principal
compounds accumulated and retained by soft-shell clams exposed to No. 2 fuel ol
m-water emulstons under simulated winter (4°C) condinons. The dimethyl and
4 '
methylnaphthalenes remained 1n the ussue after a two week depuration ;w
&
Tatem (1977) also found that the methylated naphthalenes are the petroleum
hydrocarbons wh.ich are 3(‘\cumulated and retained to the greatest extent by
organisms expased to oil-seawater mixtures. Naphthalene, methylnaphthalenes and
dimelhylnaphthalcne; were rapidly accumulated by grass shnimp exposed to the
water soluble fraction of No. 2 fuel oil. After 6 hours of exposure, tissue levels of
methylnaphthalene were 150 times greater than the water levels.
~ Melancon and Lech (1978, 1979) studied the accumulation and elimination
of naphthaler: and 2-methylnaphthalene in fingerling rainbow trout. They found

maximum tssue levels of from 40 to 300 times the water concentration after four

B . .
weeks exposuré in a continuous-flow delivery system.

¢



Ogata ctal (1979) exposed ecls and short necked clams to a crude ol
suspenston. GC/MS analysis of the eel tlesh revealed the presence of T methyl, 2
methvl, dimethyl, tnmethyvlnaphthalenes and dibenzothiophene. Analysis of the
soft body o1 the clams showed dimethvinaphthalene, tnmethylnaphthalene,
dibenzothiophene, and nronomethyi and dimethyldibenzothiophenes. Ogata and
Mivake (197X, 1980) found that ecls exposed to crude o1l exhibited flesh
contamination by alkyl denvauves of benzothiophene and dibenzothiophene . Opata
and l;ll_]iSLi;A’il (1983) found accumulation of alkylated dibenzothiophenes (Cp - Cy)
to tissue concentrations of 6.71 p[;b in oysters and 911 ppb in mussels caught in
the Sca of Japan. On the basis of these results, Ogata etal. (1977, 1979) and Ogata
and Miyake (1980) suggested the use of organic sulphur compounds as a marker ot
oil pollution in fish and shellfish because trace amounts can be relatively casily

determined analyncally.

Paasivarta et al. (1981) and Sinkkonen (1982) also measured a range of

parts per million concentrations of alkyl dibenzothiophenes in fish and mussel from

the Baltic. They found a good correlation between total o1l residues and residues of

dimethyldibenzothiophenes.

Phenolic compounds are common components of petroleum wastewaters,
and have been implicatedin both water and fish tainting problems (U.S. EPA
1973). Bandt (1955, 1958, cited in Alabaster and Lloyd 1982) found that
dirhethylphenols and other constituents of phenolic wastes, including naphthols and
quinols, tainted bream and common carp at concentrations between 0.5 and 5.0
mg/L.. However, Albersmeyer and Erichsen (Mann 1965, cited in Coté 1976.)
suggested that the taste change was not due to the accumulation of phenols in the

. [ 3 .
fish tissue, but rather to the non-phenolic substances, such as aromatic-and aliphatic
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hyvdrocarbons, accompanying the phenols i waste water Ruchhott (1954, cued
by Coté¢ 1976) conducted thieshold odout tests of recerving waters for refinery
ctflutnts and tound that the ahphane and aromance hyvdrocarbons and sulphut
heterocveles were of greater signihicance i causimg odour than were the retinery

related phenolic matenals (non-chlonnated phenols)

\
\
223 'l';m}(nu; Compounds Scelected tor Study

With this background, the methylated naphthalenes, methyliated benzenes,

sulphur heterocycles, and the phenols were selected as representative groups of
compounds present in oil sands wastewaters with the potential for fish tainting
The specific compounds selected tor sensory evaluation are summarnzed in Figure
20

Walleve (Stizostedium vitrewn) was chosen as the fish medium for these
ivestigations because of 1ts mmportance 1n the commercial, domesuc and
recreational fisheries in the Athabasca River nonth of Fort McMurray (Wallace and
McCart 1984). Walleye flesh spiked with the selected compounds was screened for
tainting intensity. The compounds detected by the panelists at the lowest levels
were further evaluated for detection threshold levels.
2.3 THRESHOLD VALUES FOR FISH T;AINTING COMPOUNDS

The determination of threshold detection values for the comp(;unds selgcted
for sensory evaluation requires that the appropriate range of concentratins be

presented to the sensory panel. Published threshold values in water and fish tissue

for these compounds provide a basis for determining ranges for preliminary testing.



Albylated Benzenes Alkylated Naphihalgngs ¥
CH
Toluene Naphthalene
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Figure 2. Compounds selected for sensory threshold evaluation

continued . . .
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Figure 2. Concluded.



There have been very few studies on the levels of oil components required

to cause threshold taint levels in fish tissue. This 1s further complicated because
A 2ad

values may be expressed as either tissue concentrations or the corresponding water

concentration required to produce the threshold taint. It 1s often unclear in the

literature how the values are expressed.

Threshold detection values in water for the compounds of concern in this
study are more common. However, the correlation of these values with the
corresponding fish tainting values is not clear. ‘Persson (1984) reported on 57
individual chemical compounds, several mixtures of compounds and several types
of wastewaters that have been shown to cause off-flavour of fish under laboratory
conditions. He concluded that for 61.4% of the compounds tcsted,%onccntrations
impairing the flavour of fish were higher than the corresponding threshold odour
concentration (TOC) in water. However, he also found that phenols as a group
seemed to cause off-flavours in fish at concentrations lower than their TOC. He
thus concluded that the aroma of water is a poor indicator of the flavour of fish
living in it.

Persson's conclusions should be qualified because many of the literature
values used in his review are dated pre-1960, before modern analytical techniques

such as gas chromatography were in widespread use. These data may not,

-~

therefore, provide a reliable basis for determining, or comparing, threshold
concentrations. ‘ | ’
Preliminary range estimates for spiking the fish tissue were based on a
combination of known literature tainting thresholds in fish tissue (Table 1), tainting
threshold values of exposure waters (Table 2) and threshold odour concentrations

in water (Table 3). When it was necessary to rely solely on the latter values, the

17



Table 1. Taste threshold concentrations in fish tissue reported in the literature for
the compounds selected for threshold evaluation.
Compound Taste Species Reference
Threshold
Concentration
in Fish Tissue
(mg/kg)

Toluene 200 Scallop Motohiro and Iseya 1976'!
Xylene 100 Scallop Motohiro and Iseya 1976 |
1

As cited in Motohiro (1983)
°
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Table 3. Odour threshold values in water reported in the lmraturc for the
compounds selected for threshold evaluation.

Compound . Threshold Odour Reference
Concentration
(1n water)
(mg/L)
Naphthalene 0.5 Hollutta 1960 1
6.80 Rosen et al. 1963
0.001 Koppe 1965 |
0.005 Zoeteman et al. 1971 1
1-Methylnaphthalene 0.02 Lillard et al. 1975
0.0075 de Grunt 19751
2,6-Dimethylnaphthalene 0.010 Brady 1968 !
0.0067 Seifert et al. 1975 2
Toluene 1.0 Zoeteman et al. 1971 1
0.024 Alexander et al. 1982
E))(ylenc 0.53 Rosen et al. 1962
Mesitylene 0.027 Baker 1963
0.5 Zoeteman et al. 1971 1
0.003 de Grunt 19751
1 Cited in van Gemert and Nettenbreijer (1977)

2 Cited in Fazzalari (1978)
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lowest r‘eportcd water concentration was increased by at least one order of
magnitude in setting fish-spiking concentrations, in accordance with Persson's
findings.

For general reference, threshold values for whole oil were also used.
GéSAMP (1982) reported a threshold of 10 to 30 ppm in fish tissue spiked with a
North Sea crude oil‘, with an uppcrlimil of 200 to 300 ppm, beyond which no
further increases were petceived by a ﬁained taste panel. Threshold levels of 5 ppm
gas oil in spiked mussel tissues, and 4 to 12 ppm extractables from diesel oil in
lobsters were also reported. Kerhoff (1974, cited in Connell and Mil]c.r 1981)
found oily taste thresholds at hydrocarbons concentrations of gftater than or equal
to 5 ppm in blue niusscl tissue exposed in an estuarine gas oil spill. |

Nitta (1972) reported on experiments done at Yokkaichi in 1963 which
showed that saurel kept in 0.01 ppm of oil in sea water took on a slight odour in 24
hours. Mackere] took on an odour in sea water containing approxirriatc‘ly 0.05 ppm
of oil.

Alexander et al. (1982) reported an odour threshold value of 0.0008 mg/L
and a taste threshold value of 0.024 mg/L for No. 2 fuel oil in water.

2.4 PHYSICOCHEMICAL PROPERTIES OF THE COM&)UNDS

Tl}c behavior of organic chemicals in the environment can be directly related
to certain physical and chemical properties of the cor;1pounds. Of particular concern
to this study are those properties that affect, and can thus be used to predict, the
environmental fate of the compound in terms of its uptake and bioconcentration in
the fish tissue. Also of concemn are the factors that contribute to the relative

volatility of the pound, and thus the ease with which it can be organoleptically

detected.

21



2.4.1 Octanol-Water Partinon Coefficients

The octanol-water partition coefficient (written as Ky, P or Poy) 1s-defined
as the ratio of a chemical’s concentration in the octanol phase to its concei'liration- n
the aqueous phase of an equilibrium two-phase octanol/water system. This
coefficient is important in studies of the environmental fate of organic ehemicals
because it is related to water solubility, soil/sediment adsorption coefficients and
bioconcentration factors for aquatic life (Lyman 1982).

Values of K, represent the tendency of the chemical to partition 1tself
between an orgzinic phase, such as fish tissue, and an aqueous phase. Neff et al.

\

(1976b, cited 1n Neff 1979) sugécstcd that the binding of petroleum hydrocarbons

to tissue lipids was by hydrophobic interactions, rather than covalent bonding, and -

was dependent on the octanol-water partitioning of the hydrocarbons.

Log Kow values for the compounds selected for threshold evaluation in this
study are given in Table 4. The logarithmic form is normally used for the
estimation of other physical parameters‘. These values are used in the following
sections to estimate water solubility where these \valucs have not been

experimentally determined. They are also used to estimate bioconcentration factors.

i

2.4.2 Volatlity - o

The organc;lcptic sensation experienced on consumirig petroleum
) hydrocarbons is primarily due to the volatile components present. These
.components generate a flavour aroma within the food which is described as a taint
by taste panels (Connell and Miller 1981).

The factors that control volatilization are the solubility, molecular weight

»
¥

and vapour pressure of the chemical. Henry's Law Constant relates the

s

894
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concentration of a compound in the gas phase to its concentration in the l‘iquid
phase, and 1s ca}culalcd as the ratio of vapour pressure over water solubility
(Thomas 1982). This constant thus compensates for the conflicting potentials of_a
compound to evaporate and to remain dissolved in the water. Table 5 summarizes
the molecular weights, vapour pressures, water solubilities and Henry's Law
constants for each of the compounds selected for testing.

Figure 3 illustrates the volatility characteristics associated with various
ranges of Henry's Law Constant. With the exception of 2,5-dimethylphenol,

N

which is only slightly volatile, all the compounds have a Henry's Law Constant of

-

greater than 10 atm-m3/mole, and are thus significanly volatile in all waters.

2.4.3 Bigconcentration Factors

Bioconcentration factors (BCF) are a measure of the potential of a chemical
to accumulate in the tissues of aquatic organisms, and are useful in assessing the
overall environmental hazard of many chemicals (Bishop and Maki 1980). The
bioconcentration factor relates the concentration of a chemical in ambient media
(usually water) to the concentration of the chemical in the organiém, and is defined
as: : ' : -

BCF = Concentration of chemical at eguilibrium in organism (wet weight
Mean concentration of chemical in water

Bioconcentration is based on the assumption that uptake from water across external

membranous surfaces is the chief source of the compound that is concentrated in the

L

organism (Bysshe 1982).
BCF's may be measured experimentally either by determining uptake and
depuration rates of an aquatic organism, or by exposing the organism to a constant

concentration of the chemical and measuring the chemical residue concentration in

24



Table 5. Summary of the physical properties affecting volatility for each
compound tested.

Compound Molecular Vapour Water Henry's

Weight Pressure Solubility Law.
(torr) (mg/L) Constant
at 25°C at25°C  (atmem3/mole)
Naphthalene 128.17 0231t - 331 1.18 x 103
1-Methylnaphthalene 142.20 0.05 2 2803 334x104
2,6-Dimethylnaphthalene 156.23 0.0154 2023 1.53 x 103
2,3,5-Trimethylnaphthalene  170.25 0.010 3 2036 1.10x 103
Toluene 92.14 28.4 1 5151 6.68 x 103
p-Xylene 106.17 8.07 1987 564x 103
Mesitylene (at 15.5°C) 120.19 24272 208 1.91 x 102
Thiophene 84.14 56.68 4 14307 439 21073
2-Methylthiophene 98.16 - 24894  N/A NA
Benzmh_iophenc‘ 134.20 N/A N/A 2.27 x 1049
Dibenzothiophene ] 184.26 N/A N/A 4.40 x 1049
2,5-Dimethylphenol 122.17 0.12 10 7867 11 2.45x 10¢

I . Mackay and Leinonen (1975)

2 Dean (1985). Note: 25°C is outside the temperature range of the data used
‘ in evalyating the coefficients of the vapour prcssure"équation.

3 Mackay and Ship (1977) ’

4 Dean (1985) .

5. Chao et al. (1983). Note: value is estirhated based on ngen value for

127°C. '

6 Mackay and Shiu (1977). Value is for 1,4,5- mmethylnaphthalcne

7 Vassilaros et al. (1982a, cited in Hrudey and Nelson 1987)

8 American Petroleum Institute (1969)

? Thomas (1982) ¥

10 Estimated as per Grain (1982) -

11 Banerjee et al. (1980). Value is for 2 4?-d1methylphcnol

N/A”"  Value is Not Available in the literature .
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the orgamsm atter equilibrium is reached. 1t the BCE has not been measured o1 18
not readily available, 1t can be estimated based on one of several existing regression
cquatnons developed through laboratory expenimentation  Verth et al (1980)
developed a correlation with the octanol water partition coctticient, which has been
recommended for BCEF esumation (Bysshe 1982):

log BCE =076 log Kow 023
This equation 1s based on the results of laboratory experiments by several
investigators with a variety of tish species and 84 ditferent organic chenucals

Table 6 compares values of BCEF measured in the laboratory for selected
aquatic species with estimates denved from correlations based on K. This table
illustrates the large discrepancies which are common between estimated and
measured values, and between measured values for different species. These
observed differences are due to the variability inherent in biological responses,
differences in exposure medium and factors responsible for measurement
inaccuracy. A BCF value may vary considerably between species and between lite
stages for a single species (Kenaga and Goring 1980). Neff and Anderson (1981)
suggested that the difference in BCF's reported for naphthalene in the clam Rangia
cuneata may imply that bioaccumulation of a particular hydrocarbon is influenced
by the presence of other aromatic hydrocarbons in the exposure medium. The
lower value of 2.3 was for up;ake from the water soluble fraction of No. 2 fuel oil,
whereas the higher value of 6.1 was for uptake from water containing only
naphthalene. Finally, measured BCF's are based on variable, and often
unreported, times of exposure. Errors in measuring Kow, such as variation in

measurement methods, interpretation of results, the use of estimates and test
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conditions (such as pH and temperature), are also responsible for some of the
discrepancies observed (Bysshe 1982).

For the purposes of this study, a relative comparison of BCE's for the
tompounds selected for threshold evaluation will be based on the estimated values
because these values are derived on a common basis. The potential of the alkylated
naphthalenes and benzenes to accumulate in fish flesh increases by more than a
factor of two with the addition of each subsequent methyl group. However, the
alkylated naphthalenes have much higher propensity for accumulation. This is
supported by the findings of Roubal et al. (1978) and Neff et al. (1976a), as
reported earlier in this review.

Thiophene -and\ dimethylphenol have a very low potential for
bioaccumulation The BQE increases dramatically for dibenzothiophene from

benzothiophene.

2.5 SENSORY THRESHOLD EVALUATION METHODS

Sensory evaluation is the measurement of physical properties using
psychological techniques. Although sensory evaluation methods can be applied
with all the human senses, they most commonly involve using the senses of taste
and odour to establish differences of a product against a known standard or control,
or to establish preferences among a group of products (A.S.T.M. 1968a).

Sensory ratings or comparisons are usually conducted using trained or
untrained people assembled in a taste panel. When sensory evaluation is used for
precise measurements, such as threshold determinations, the sensory 'pancl 1s

essentially a laboratory instrument, and as such, should be calibrated for accuracy

#and precision. Panelists should have a known sensitivity, and be selected and



trained to demonstrate this sensitivity consistently for the required sensory tasks
(Vaisey Genser 1977).

The choice of a particular sensory evaluation method‘depends on factors
such as the number of samples to be evaluated, the quantity of product available,
the information desired, and the degree of panel training. No singular method is
used for threshold determinations, although the need for a standardized,
reproducible method for threshold determinations has long been recognized (Baker
1963). The two most common methods used in the determination of a’bsolute
threshold values are variations of the paired comparison test and the triangle test .

A.S.TM. (1968a) outlined two paired comparison methods for determining
the minimum detectable level or concentration of a substance, defined as the
absolute threshold. The Constant Stimulus Differences method involves pairing
each sample with a standard of zero concentration, and presenting the samples in
random order. The panelist judges which sample in each pair is stronger. This
method was judged to be unacceptable for determining thresholds of volatile
compounds because it involves the preparation and evaluation of a large number of
;amples, and because the use of strong-smelling compounds would dictate
presenting the samples in order of ascending concentration, rather than in random
order.

In the Method of L‘imits. the subject is trained to recognize the specific
attribute under investigation. The samples are presented in order of physical
concemmtio?(either ascending or descending), and the panelist judges the pmscnéc
or absence of the designated taste and odour. Blank samples of zero concehtration

may be randomly interspersed throughout the series to overcome the expectation

function of the panelists. Rosen et al. (1962) proposed a modification of this

\

\
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method called the Consistent Series Threshold Method. This is an ascending
concentration series in which each sample 1s compared to a reference sample of zero
concentration. The method is further modified -from the Method of Limits by
requiring the panehists to judge only whether there 1s a difference between the

sample and the reference, and not whether a specific taste or odour exists.

In the triangle test, three samples are presented to the panelist. Two of the

&~

samples are the same, and one 1s different. The panelist judges which sample he
believes is different. This is a forced choice method; the panelist cannothabstain
from a decision even if he does not detect any differences between the samples
(A.S.T.M. 1968a). This test is similar to A.S.T.M. standard method D-1292-65
(1968b), and has been recommended as the test that would be the most useful and
reliable tool in identifying possible tainting in fish (Tidmarsh and Ackman 1986).
Cohen et al. (1960) used a Modified Triangle Test for threshold determinations, in
which the panelists were further required to state whether the odd samples
contained the chemical attribute under investigation.

’ Each test has advantages and d.isacfvantagcs. The paired cofnparison test
would involve the preparation and evaluation of fewer samples than the triangle
test. However, in any paired comparison test there is a 50% chance of guessing
whether a sample is tainted or untainted. This probability is somewhayreducfcgi by
using interspersed blank samp!cs as an incentive to honestly evaluate a sample. The
triangle test has only a 33% chance of guessing, but involves the evaluation of
considerably more samples, and thus introduces the possibility of panelist fatigue.
It also requires more tainted product and increased preparation time for the

investigator. .



3 METHODS

3.1 SELECTION OF SENSORY THRESHOLD EVALUATION METHOD
To dgcide which test was more sensitive for determhining the threshold
values of the selected chemicals in fish tissue, preliminary tests were conducted to

compare the threshold values for benzothiophene obtained using the Consistent

Senies Test and the Modified Triangle Test. %

A

3.1.1 Sample Preparation

Fresh whitefish, caught in Alberta, were used in the first two replications of
the experiment. Frozen whitefish from the Freshwater Fish Marketing Corporation
in Winnipeg were substituted in thé third and fourth replications, as the fresh fish
was unavailable. .

Approximately 2 kg of fish were used in eédrrcplication. The fish were
skinned and filleted, and the flesh of all fish minced togctha in a Braun Multiquick
Food Chopper. This eliminated any variability in either the natural odour, or in any
existing concentration of odour-causing contaminants, between individual fish.

There are no reported threshold values for benzothiophene in the literature
for either fish flesh or water. The concentration range for these tests was therefore
determined fgom existing literature on threshold values of naphthalene in water
(which is similar to benzothiophene in odour and chemical properties) and on the
basis of a preliminary run using a wide range of concentrations, ranging from
0.031‘ to 100.0 mg/kg. Based on the sensory response of the panelists, it was
decided to use a range of 0.03T'to 1.000 mg/kg. Previous research has determined

" that the accuracy and reproducibility of panelists in threshold odour determination
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corresponds to a dilution series based on a factor of two (Rosen et al. 1962;
Hamilton 1978). This means that dividing a given odour sample in half by
untainted medium in each step of the dilution is approximately equal to the human
sensory perception of minimal difference in odour intensity. The concentration
levels of benzothiophene are based on increasing each successive sample by a t"actor
of two, within the determined appropriate range, as shown in Table 7.

The low concentrations of benzothiophene being added to the fish tissue,
and the crystalline nature of the compound at room temperature, posed a prbblcm n
. the addition of the substance to the fish tissue. The possibility of using‘an ethanol
carrier to insure adequate distribution of the compournd ;}youghoul the tissue was
considered (Persson 1984). However, because of the relatively untrained nature of
the panel, it was decided that this would hinder odour pcrccpti(;n of the
benzothiophene. Instead, the benzothiOphcn& was' added to slightly warm
(approximately 35°C) fish tissue as it was being minced. The melting point of
benzothiophene is {1c. Consequently, the crystals were liquified before actually
coming into contact with the fish. For the purposes of this phase of the study only,
it was assumed that this procedure resulted in uniform distribution of the chemical
throughout the minced fi

Using this spiking procedure, the most accurate method of obtaining the
low concentrations required for the threshold tests was to prepare a highly
conccm& sample of 100 mg/kg, and progressively dilute it with untainted fish to
th; required concentrations. The initial dosage of benzothiophene was weighed on
a Mettler AE 163 analytical balance.

Five grams of each concentration level of "tainted" fish and the "blank” fish

were added to the appropriate number of 15 mL scintillation vials required for each
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Table 7. Concentration levels of benzothiophene used in odour threshold
determinations. .

JDilution Number

Benzothiophene Concentration

(mg/kg)
1 0.031
2 0.063
3 0.125
4 0.250
5 0.500
6 1.000 -

|
A e -
)
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test. The samples were weighed on a Sartorius 2253 Balance. The number of
samples of each concentration was determined prior to each test angd based on the
random presentation order assigned to that replication. Each sample vial was

coded on both the lid and the bottle by three-digit random numbers.

3.1.2 Testing Procedures

Both tests were copdu}tﬁd‘i;@:cach replication of the experiment. A total of
four replications were Cﬁhm"bet;vccn November 5 to 27, 1985. As the two
tests involved a large number of individual evaluations (a total of 27), the
possihility of sensory fatigue, and its subsequent bias to the first set of samples
preseixgd, was recognized. The order of the presentation of each test te the
panelists Was reversed for every replication to eliminate the effect of this bias on the
testing resujts.
3.1.2.1 nsistent Series Threshold Method As described in Section 2.5, the
Consistent Series Threshold Method (Rosen et al. 1962) is an asccndiﬁg
concentration series in which eacl\)\ \samplc is compared to a reference "blank”
>sarnple. The test is thus a form.of the paired comparison testing method, with
blank samples randomly interspersed throughout the series (A.S.T.M. 1968a)

Ten samples were presented to each panelist for each replication of the test.
Six of the samples contained the different concentrations of benzothiophene. Three
"blank" untainted samples were inserted randomly between the tainted samples. A

reference "blank™ sample was also included for comparison. The tainted samples

were arranged in ascending order of concentration.
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An example of the presentation of the samples to each panelist is illustrated
in Table 8. Theoretically, there is a minimum concentration in the test series which
the panelist will identify as having a detectable odour. All the following higher
concentrations will then be detected, and the intervening blanks judged odourless.

This minimum concentration is then judged to be the absolute threshold

concentration. However, anomalous responsés may occur, such as a low

concentration or a blank being identified as positive and a higher conccntratioﬁ
identified as negative. In this case, the threshold is designated as the lowest
concentration after which no further anomalies occur. I the examples given in
Table 8, the threshold concentration for Panelist A occ_urS at 0.25 mg/kg, whereas
for Panelist B it occurs at 0.5 mg/kg. )

The positions of the 'blanks” in the series were assigned randomly, and
were different for each replication. Random three-digit codes were assigned to each
of the samples. These codes were also differcx;t for each replication of the
experiment.

The questionnaire used in the evaluations conducted by this method is given
in Figure 4. The panelists were informed that the tainted samples were arranged in

order of ingreasing concentration, but were randomly interspersed with untainted

"blank" samples.

3.1.2.2 Modified Triangle Test The triangle test method was previously described
in Section 2.5. The method used in these tests was modified in that the panelists
were further required to state whether the odd samples were of tainted or untainted

fish (Cohen et al. 1960).
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Table 8. Sample presentation and evaluation using the Consistent Series Test.

« A}
Sample No. Benzothiophene Concentration - Panelist Panelist
(mg/kg) A B
1 0.031 "y o
-

2 0.063 + -
3 Blank S _
4 0.125 - - +
5 Blank -
6 0.250 + -
7 0.500 + ,
8 Blank - -

9 " 1.000 + +
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QUESTIONNAIRE FOR CONSISTENT SERIES TEST
ODOUR TEST

NAME DATE

PRODUCT

Nine coded samples are provided. Some of these samples are tainted and some are
vuntainted "blanks”. The tainted samples are arranged in order of increasing
concentration. An untainted "blank” sample is provided for comparison.

Test the samples separately and in the order indicated. Remove the lid from the jar
and sniff the contents three times. Compare the sample with the "blank" and
indicate if there is a difference in odour. Replace the lid, and repeat the procedure  »
for the other samples. Rinse between each sample with the water provided.

Code Is there a difference from the "blank"?
‘ (indicate yes or no)

J

Figure 4. Questionnaire for the Consistent Series Test.



Sivosets of three samples were presented to cach panchist Fach set
um\'lxlcd ot cither one sample of tainted fish and two ot untinted fish, or one
sample of untinted fish and two of tunted fish. Fach successive set contamed a
sample of anincreased concentration of benzothiophene

A sample test plan s llustrated i Table 90 As there were six concentrations
10 be tested, and six possible combinations of tunted and untunted samples, the
design s completely balanced. The method for determunming the detection threshold
tor cach panchistis the same as that described for the Consistent Senies Test

The order of presentation of cach combination was assigned randomly to the
sample sets, and was different for each replication of the expeniment Random
three-digit codes were assigned to each of the samples. The codes were different

tor each replication of the experiment

The quesuonnaire used for this testng method 1s given in Figure S,

31.3 Sample Presentation

The nine coded samples and the reference blank for the Consistent Senes
Test were presented to ca'ch panelist in one Comingware dish (1 L capacity). Due
to the large number of samples (eighteen) in the Modified Triangle Test, it was
necessary to place the first three sample sets (nine samples) in one dish and the
?emaining three sarnple sets in a second dish. The samples were heated to 40°C by
adding sufficient water (approximately 250 mL) to the dish to totally submerse the
portions of the vial containing the fish, and heating the dish in a Panasonic
microwave oven (Model NE 7800) until the temperature of the water reached 40°C
(approximately 1 minute at HIGH power). Heat was maintained in the samples

throughou? the sensory evaluation by keeping the samples in the water bath, and
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Table 9 Sample 1est plan tor the Modified Triangle Test. "A” represents a
tunted sample and "B7 represents an untaited sample.

Sample Set Sample Order
1 AAB
A ARA
3 BAA
4 BAR
S ‘ ABB
6 ’ BBA




QUESTIONNAIRE FOR TRIANGLE TEST
ODOUR TEST

NAME  DATE

PRODUCT

Six sets of three coded samples are provided.  Each set should be evaluated
separately, in the order listed. In each set, two of the three samples are 1dentical.
and the third 1s different. Test the samples separately and in the order indicated.
Remove the lid from the jar and smitf the contents three times. Replace the hd, and
repeat the procedure for the other samples. Check the odd sample and indicate
whether the odd sample 1s tainted or untainted. Rinse between each sample with the
witter provided.

Code Check odd sample Odd sample is:
(check one) -
SET #1 Tainted
Untainted

SET #2 Tainted
Untainted

SET #3 Tainted
Untainted

SET #4 Tainted
Untainted

SET #5 Tainted
Untainted

i

SET #6 Tainted
Untainted

Figure 5. Questionnaire for the Modified Tnangle Test.



placing the dish ona 200 mm x 200 mm Salton warming element. The purpose of
heating the samples was to improve odourant volatility. The 40°C temperature is
the standard condition for odour tests recommended by A. ST M. (1968b). and s
the temperature which panelists have assessed to be the most efficient for odour
perception (Hamilton 1978).

The threshold odour evaluations took place 1n a special taste panel room
designed to control background odours, room temperature, hunudity and distracting,,

activity that rnay interfere with the odour evaluation.

314  Panelists

The five panelists consisted of two females and three mu-lcs, ranging in
ages from 22 to 37 years. None of the panelists were smokers. Due to the ume
limitations of this part of the study, the standard selection procedure for panelists
was not used. The primary criteria used in the selection of the panelists were
availability, motivation and interest.’

The training of the panelists was also restricted by the available time. A
brief Uaiﬁing session was held with the panel prior to the preliminary run of the
tests. The panelists were briefed on the objective of the project, and the testing
procedures to be uscﬂd‘ A sample of the tainted fish, with a high concentratioﬁ of
benzothiophene (100 mg/kg) was also presented to the panelists to familiarize them
with the odour of the benzothiophene in the whitefish tissue. The panelists received
further training through the preliminary run of the experiment on November 4,

1985.
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3.2 DETERMINATION OF THRESHOLD DETECTION VALUES

3.2.1  LEthics Comigitice Review

Prior to commencing the formation of a formal sensory panel for the
determination of the threshold detection values, the proposed research plan was
reviewed by an internal Civil Engineering ad hoc ethics committee. This review 1s
standard procedure for all university research projects involving human
participants. The purpose ‘of the review is to protect the participants’ safety and
welfare by fully assessing the potential nisks involved in undentaking the research.

The submission to the ethics committee included information on the
background of the research, experts consulted for advice on experimental design,
the proposed research procedure and data obtained from the RTECS (Registry for
Toxic Effects of Chemical Substances) file showing the comparative toxicity of
some of the chemicals to be used in the research. Additional information on the
chemicals was provided by the Canadian Centre for Occupational Health and
Safety. The known toxicity data on the chemicals showed no potential hazard to the
panelists at the concentrations to be used in the research.

At the request of the ethics committee, the following procedures were
adopted and actions were taken prior to commencement of this phase of the research
to minimize the risks to the panelists: |

1. "A standard form was developed to provide a written record of all

calculations for the addition of chemical compounds in the preparation
of the spiked fish samples. These calculations were verified by a
second party. Two people were always involved in the actual spiking
of the fish.
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A copy of all questionnaires and information material used in the
selection of the prospective panelists, and copies of the waiver form
signed by each were filed with the thesis supervisor immediately upon
completion.

Prior to introduction of each new testing procedure the panelists as a
group were thoroughly briefed by the investigator on the techniques to
be employed. Comprehensive instructions on the testing procedure
were also included on the sensory evaluation forms. The panelists
were supervised to preclude any consumption of the fish. Any
deviation from this policy was to be documented in writing.

On the advice of .Univcrsity Health Services, the following procedures
were adopted in the event of fish samples being accidentally
swallowed, or if one of the panelists developed an unforeseen
physical reaction ( such as an allergic reaction) during the course of
the sensory evaluations:

(a) In the event of any non-life threatening situation, the panelist was
to be trzinsportcd immediately to University Health Services. A list of
the chemical compounds to be used in the tests was filed with Health
Services to ensure that the procedures necessary to deal with any
problems could be determined in advance of the tests.

(b) In the case of any life-threatening reaction (such as shock or
convulsions), an ambulance would be called to provide immediate life

support function, and transport to the University of- Alberta Hospital.
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3.2.2 Preparation of Spiked Fish Samples

Frozen, whole medium-sized walleye from the Freshwater Fish Marketing
Corporation were used. The fish were thawed in cold water, filleted and skinned.
The flesh of several fish was minced together in a Moulinex (No. 588) Food
Processor to eliminate any natural variability in the taste and odour between
individual fish. The minced fish flesh was then frozen in vacuum sealed packages
of the weights required for subsequent spiking.

The fish sarﬁplcs were prepared nine days prior to the first sensory
evaluation. Sufficient samples were prepared at one time for three replications of
the sensory evaluation. The time consuming nature of the sample preparation
dictated this amount of advance preparation time to ensure continuity in the panel
evaluations.

The spiked concentration ranges and intervals for each chemical compound
were determined from existing literature and on the basis of preliminary tests for

Teach compound using a wide range of concentrations. The final concentration
levels used 1n the threshold determination for each compound were based on the
determined appropriate range, and on increasing the concentration of each
successive sample by a factor of two (as discussed in Section 3.1.1).

The procedure used in the comparison of sensory methods for spiking the
chemical compound into the raw fish tissue was judged to be unacceptable for the
purposes of detailed threshold evaluation because it did not adequately ensure
accurate concentrations and homogeneity of mixing of the compound in the fish
tissue. Therefore, for the actual threshold evaluations a concentrated solution was
made up for each compound. Ethanol was used as the carrier solvent for

naphthalene, 1-methylnaphthalene, benzothiophene (first test) and
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dibenzothiophene. However, preliminary tests showed that the ethanol odour was
interfering with the taste and odour identification for those compounds with higher
threshold levels which required larger quantities of the spiking solution. Mineral otl
(USP) was therefore used as a chrricr solvent for the 2,6-dimethylnaphthalene,
2,3,5-trimethylnaphthalene, benzothiophene (second test), p-xylene and 2,5-
dimethylphenol tests. Mineral oil was also used as a carnier for the preliminary tests
done on thiophene, 2-methylthiophene, toluene and mesitylene.

The chemical compounds were weighed on a Mettler AE 163 analytical
balance directly in the volumetric flasks used to prepare the stock solutions. To
avoid measurement errors for stock solutions of extremely low concentrations, a
solution of higher concentration was prepared and diluted to the required

concentration. :

-

During prcparafion of the samples, the fish was kept partally frozen to
allow better mif&ing, and to minimize loss of the volatile spiking compounds. The
fish was first cut into approximately 20 x 20 x 20 mm pieces, then ground in a
Waring Model 5011 commercial blender to a powdef consistency. The samples
were spiked by pipetting the appropx:i_ate amount of the compound, in its solvent
carrier solution, directly into the blender. All samples, including the blank and
reference samples, were also spiked with an additional amount of solvent carrier
equivalent to that pfcsem in the highest concentration to ensure that the presence of
the carrier solvent remained a constant factor and did not influence the sensory
evaluations.  For extremely low cdnccntrations, a microlitre syringe was used to
measure the compound (in its carrier solvent), and this was added to the additional

carrier sblvent before addition to the fish. The entire weight of fish to be spiked at

that concentration was spiked and blended together at the same time. Blending
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consisted of mechanized blending for 20 seconds, followed by 50 strokes of ¥

manual mixing. Thig procedure was repeated four times for each spike.

The scinullation vials used to contain each sample in the preliminary
methods selection study were expensive, difficult to prepare and provided only a
small opening for odour perception. Therefore, folded foil packets, as described by
Iredale and York (1976) were used for each sample in the (hreéhold evaluations.
Ten-gram aliquots (2 (.5 gm) were weighed on a Mettler PE 3600 electronic top-
loading balance, and immediately wrapped in aluminum foil packets of
approximately 80 mm x 4() mm folded dimensions. A three-digit code was marked
on each packet with a wax pencil for identification during sensory analysis. The
packets were then vacuum-sealed in polyethylene bags using a Decosonic (No.
828) Vacuum Bag Sealer. Four packets were sealed in each bag, and the bags
frozen until prior to the actual evaluation. The three evaluations occurred nine, ten
and twelve days, respectively, after the sample preparation.

Care was taken that the tissue was exposed to the air as little as possible
during the spiking and weighing of the individual samples to r‘ninimi;e the loss of

the volatile c;)mpounds. Because of the nature of the compounds being used, only

glass and stainless steel instruments were used in the preparation of the samples. -

Soap was not used by the investigators preparing the samples either prior to or-

during the preparation procedure. If detergent or solvent (acetone) was nccesséry
to remove the fish and chemical odours of the equipment following the spiking, it
was followed by a minimum of ten rinses in distilled water. The Waring blender
was dismantled and thoroughly cleaned between spikings of each compound to

prevent contamination of the next set of samples. '
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3.2.3 Sensory Panel Screening

An inital group of 28 people were screened as potential sensory
panelists. This group consisted of interested individuals who were non-smokers,
liked fish and were available for the required tests. Pan,clists were recruited through
a notice posted around the university, and through personal requests by the
investigators. The three investigators who would be using the panel in their
research also participated in the screening. Eleven males and seventeen fcmales,
ranging in age from 19 to 40 years of age were sérccncd as potential panelists.

All potential panelists were requested to ¢omplete a personal history form
(Appendix A) and to sign a waiver. Panelists were also instructed, both verbally
and through written notification, to refrain from eating or drinking for at least an 30
minutes prior to the sensory tests, and to avoid the use of perfume, aftershave and
scented soap on the days that panels were held. An information package
explaining the nature of the study and the role of the sensory panelists was prepared
and distributed to each potential panglist (Appendix A).

h{[o_tivatioﬁ was provided through a small monetary remuneration for
;;mici.;i;ltihg in the sc;rcening tests with the prospects of a larger remuneration for
pamcxpauon as a final panelpst 1f Sclectcd
) Threc screenmg tests, \wcrc used to select the fina]l panelists. The
sérechin g objc_cnves wcrc:go ehmmatc p¢9plc who were agcusnc and anosmic (blind
to taste and. odour"s, respcctiveiy), and to'év‘gluatc individﬁal discrimination ability
and conﬁistcncy of c;'ahxadon. R

- ‘; .
3 2.3.1 Iag;g_&qggmg Taste rccogm;lon screening tests were conducted July
14 and l'f 1986 Panchsts We,rc testcd for their ability to recognize the basic tastes
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of sweet, sour, bitter and salty. Suprathreshold concentration solutions of sucrose

(sweet), citric acid (sour), quinine (bitter) and NaCl (salty) were prepared in

distilled water. Each test consisted of eight clear plastic cups marked with a random

thrédigit code and containing approximately 50 mL of either one of the prepared

solutions or distilled water. Panelists were asked to identify the taste as sweet,
P

salty, sour, bitter or tasteless. Three taste samples were repeated in the sequence.

A copy of the gquestionnaire is given in Figure 6.

3.2.3.2 Qdour Recognition Panelists were also tested for the ability to correctly

idgntify common odours. Odour screening tests were first conducted on July 22
and 24, 1986. The initial odour screening test consisted of solutions prepared in
distilled water with the following added odours: iodine, bitumen, tuna fish packing
water, almond extract, chlorine bleach, cloves, Ivory soap, onion, and vanilla
extract. Although not a readily recognized odour, the bitumen was included 1o test
recognition of petroleum related odours, and to familiarize the panelists with the
type of odours that would be evaluated in later tests. Each test consisted of ten test
tubes marked with random three-digit codes and containing approximately 100 mL
of one of the solutions. Panelists were requested to identify each solution as
closely as possible. One odour sample was repeated in the test sequence.

\This test was repeated on November 13, 1986 for panelists who had
missed the first test, and for the investigators who had prepared the initial solutions,
and were thus biased in the knowledge of the odours. The second odour screening
test consisted of solution prepared in distilled water with the following added

odours: onion, Ivory soap, mouthwash, almond extract, chlorine bleach, cloves,

-
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SCREENING TEST FOR TASTE

NAME _... DATE

Eight coded samples are provided. Each of these cups contains weak water
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.

Sample Code Number Taste Description

Figure 6. Questionnaire for taste screening tests
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cuﬁy, vinegar (acetic acid), alcohol (ethanol) and vanilla extract. No duplicate
samples were given.

A copy of the questionnaire 1s given in Figure 7. Panelist responses
were scored from 1 to 5, based on the closeness of the description to the actual

odour.

3.23.3  Sequental Analysis  Further screening used a Sequential Analysis

procedure, as described by Amerine et al. (1965). Sequential Analysis tests were
conducted on October 28 and 30, and November 4, 5 and 6, 1986. The procedure
involves the specification of a reasonable ability acceptance criteria (p}) and ability
rejection criteria (pg). Panelists are rated on the basis of the number of cumulative
correct decisions made over a specified number of trials. Performance is related to
two parallel straight lines of acéeptancc (L) or rejection (Lg). These are determined
by the assigned values of pg, p;, d and B, where 0 is the probability of rejecting an
acceptanc panelist ‘EType I error) and B _is the probability of selecting an
unacceptable one (Type Il error). The lines divide the plane into three regions: one
* of acceptance, one of rejection and one of indecision (requiring further testing).

The criteria used in this test were:

. [ ]
' [4 maximum unacceptable ability = 0.70

p; = minimum acceptable ability = 0.45

0 =08 =005
The lines of acceptance and rejection (L; and Lg) are represented by the following
equations:

dp = ap + b, (lowerlinelyp)

b dg = aj; + b, (upperlinel;)



SCREENING TEST FOR ODOUR

NAME o DATE

Ten coded samples are provided. Each of these test tubes contains a dilute solution
of a compound having a typical odour

Sniff each sample scpar;ncly and in the order indicated. Rinse your mouth with the
water provided and take a bite of cracker after smelling each sample. Wait

approximately 15 seconds between samples. Record your description of each
sample under "Odour Description”.

Sample Code Number Odour Description

Figure 7. Quéstionnairc for odour screening tests.
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n the total number of trals

d the cumulatuve number of conrect decisions
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For the stated entena

kpo - 01919 k> = 02602

€y 1.27XK er = 12788
and

ng = 9 npg = 20

npyp o= 21 n> =17

Theretore, approximately 21 tests were required. This number of tests ensured that
the values of py . py . d and B as specified are sanstied

The values of the slope and intercepts were:

n'
]
=

£ - 0578 ap = -2.81 Uy
The equanons for L.y and Ly were:

281 +0578n

)t

Lo = dy

L; - d; 281 +0.578n

il

The Sequential Analysis test used was épaired difference test, consisting of
21 paired samples of four concentrations of naphthalene 1n walleye tissue. The
naphthalene concentrations were: (1) 0 mg/kg (control); (2) 0.5 mg/kg; (3) 1.0
mg/kg; and (4) 2.0 mg/kg. These four concentrations were randomly paired, and
presented to the panelists in three sessions of 7 pairs each. The questionnaire used
in the screening, including the instructions given to the panelists, is given in Figure
8.
The sample pr¥paration procedure was as described in Section 3.2.2, except
"ihat only Sg ﬂiduots were used for each sample. The mechanics of the sensory
evaluation are described in Section 3.2.5. The samples were evaluated for. odour
only.

*
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Sequential Analysis Set No.

SCREENING TEST FOR FISH TAINTING

NAMI- A . DATL

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 balls). Other samples are
untainted.

To evaluate the samples, tear off the end of the foil packet and open 1t as much as
possible. Sniff each pair of samples separately and in the order indicated. Circle the

sample within each pair which is most tainted. After you have completed your
evaluation, close each packet by folding over the open end.

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

Pair Samples

Figure 8.  Questionnaire for Sequential Analysis screening tests.

»
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The Sequential Analysis test served o evaluate both the ability of the
panclists to discriminate differences in the specific attnbute under study at the
required level of sensitivity, and the ability to repeat this discimination. It also
provided basic training in the mechanics of the sensory evaluation procedures to be

used and introduced the panelists to the medium used in the tests.

3.2.4 Sensory Panel Training

The selected panelists participated in three separate investigations on fish
tainting related to o1l sands wastewaters. Therefore, training in the mechanics of
the sensory evaluation, including how to physically handle the samples and how 1o
smell them for optimization of olfactory sensation, were provided in t;(;lh the
Sequential Analysis screening tests and in the patred difference tests conducted in
the other two investigations.

Although the Consistent Series Threshold Method is a form of the paired
difference test, additional training was provided specific to the threshold evaluation
procedure. The panelists were trained using a minimum of one, and occasionally
two, preliminary range determination tests for each compound to be evaluated.
These tests served to train the panelists in the threshold evaluation procedure, to
familiarize them with the specific compounds to be evaluated and to pinpoint the

optimum range of concentrations for the actual threshold evaluation tests.

3.2.5 Sensory Threshold Evaluation Procedures ¢
Twelve samples were presented to each panelist for each replication of the

test. Six of the samples contained the different concentrations of the chemical

compound to be evaluated. Three "blank” untainted samples were inserted
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randomly amongst the tainted samples. Thc positions of the "blanks™ in the series
were different for each replication. The panelists were aware "blank” samples were
present, but were not told the number of "blanks”. To ensure that the spiked
samples were always being compared to a reference of the same temperature, a
reference "blank” sample was included for comparison with every set of three
samples. The tainted samples were arranged in ascending order of concentration.

Sensory panel evaluations, including prehiminary range determination tests,
were conducted from November 25, 1986 to April 9, 1987. Panels were held on
Monday, Tuesday and Thursday every week of this penod, with the exception of a
three week break over the Christmas holidays. All three replications for a
compound were conducted within the week period. Amerine et al. (1965) cite
literature suggesting that olfactory sensitivity decreases after a meal. Therefore, ;hc
sessions were conducted at 4:30 p.m,, just before the evening meal, to maximize
threshold sensitivity. /

As in the preliminary tests, all panel sessions were held in a spccizﬂ sensory
testing room designed to control background odours, room temperature, humidity
and distracting activity that may interfere with the taste and odour evaluation. The
room was equipped with individual booths and red lights to disguise possible color
differences in the flesh. Figure 9 illustrates the layout of the booth for the sensory
tests.

Each booth contained a hot plate. For presentation to the sensory panel, the
coded samples, vacuum sealed with four packs to a bag, were further vacuum
sealed in one polyethylene bag to prevent leakage. These bags were placedin 1 L
beakers containing approximately 750 mL of hot water. These beakers were placed

on the hot plates and heated to a temperature of 60°C. The temperature was

58



Figure 9. Sensory booth layout
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increased from the 40°C used in preliminary tests on the basis of panelist
preference. The samples remained sealed in the polyethylene bag from the ume of
preparation until opened by the panelist for evaluation. This ensured that there was
no loss of volatiles prior to the sensory evaluation. Razor blades were provided to
open the polyethylene bags. Panelists were requested to only have one packet open
at one time 1o prevent cross-over of odours between samples.

Panelists were given a dilute lemon solution (approximately 1 tbsp. lemon
juice to 2 L. of room temperature water) as a rinsing agent, and unsalted soda
crackers were provided to clear the palate between samples. Panelists were
requested to evaluate if each sample was different from the reference. To minimize
actual consumption of the chemical compounds, the panelists were instructed to
taste the samples only if no odour was detected, as recommended by Shumway and
Palensky (1973). Panelists were also told not to swallow any samples, but rather
to expectorate the samples after the evaluation. The questionnaire and instructions

provided to the panelists are given in Figure 10.

3.3  TISSUE ANALYSIS

The spiked fish tissue was analyzed to copfirm the concentrations of the
chemical in each sample, to ensure that the samples were homogeneously bléndcd,
and to compare known and extracted concentrations. Twenty gram samples of the
minced, spiked fish tissue were extracted using a procedure involving drying,
Soxhlet extraction, gel permeation chromatography (GPC) separation, and florisil

clean-up.
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CONSISTENT SERIES THRESHOLD DETERMINATION TEST

NAME _ DATE __

CHEMICAL COMPOUND
Nine coded samples are provided. Some of these samples are tainted and some are
untainted "blanks”. The tainted samples are arranged in order of increasing
concentration. The coded samples are packaged in groups of three. An untainted
reference sample marked "R" is provided for comparison in each packet of three
samples.

To evaluate the samples, tear off the end of the foil packet and open it as much as
possible. Sniff each coded sample separately and in the order indicated. Compare
the sample with the reference and determine if there is a difference in odour. If a
difference cannot be detected by smelling the samples, place a small portion of the
sample in your mouth and determine if there is a difference in taste between the
coded sample and the reference. Indicate if there is a difference from the reference
by recording "yes" or "no" beside the sample code.

Rinse your mouth with the lemon water provided and take a bite of cracker after
evaluating each sample. Wait approximately 15 seconds between samples.

Note: Only taste the sample if an odour difference cannot be detected. It is only
necessary to introduce the sample to your mouth - you need not chew it. Do not

swallow the sample. Expectorate the fish sample into the paper cup after
completing your evaluation.

Sample Code Is there a difference from the reference?
(indicate yes or no)

Figure 10. Questionnaire for the threshold evaluation tests.
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331 Drying and Soxhlet Extraction

The 20 g sample was mixed with 80 g of anhydrous NazS0y4 to remove
water bound within the tissue (Hesselberg and Johnson 1972). The blended tissue
was extracted in a glass thimble packed with 20 mm of celite (to prevent the bomus
plate at the bottom of the thimble from being plugged with lipids), the blended
[iSSl:C/N&zS()4 mixture, and a plug of glass wool. The celite and glass wool were
previously extracted with dichloromethane (DCM). The prepared thimble was
placed in a Soxhlet apparatus and refluxed for approximately 8 hours with 300 ml.
of DCM, as descsibcd by Archer and Crosby (1967). The extrac. with reduced in
volume to approximately 8 mL using a Kuderna-Danish (K-D) apparatus held in a

water bath maintained at 65°C. This extract contained lipid material and

hydrocarbons present in the tissue.

3.3.2  GPC Separation

GPC separation was used to separate the lipi‘ds from the volatile
hydrocarbon compounds in the Soxhlet extract. Separation is based primarily on
differences in molecular size. The molecular weights of the petroleum compounds
used in the threshold evaluations are between 106 and 184, while those of most
lipids are between 600 and 1500. The procedure used was adapted from Stalling et
al. (1972) and Vassilaros et al. (1982b).

Six glass chromatography columns of 600 mm by 19 mm (internal
diameter) were prepared by placing a plug of DCM cxtractéd glass wool at the

bottom. Bio-Beads (S-X3) were soaked overnight-in a 1:1 solvent mixture of

DCM/hexane, then wet-packed to a depth of 500 mm in the column ang topped with -

a 20 mm protective layer of sand. However, the sand layer became plugged with

& .
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lipid matenial and was later replaced with DCM extracted glass wool.  These
colimns were used for all extractions, and were cleaned by running approximately
250 ml. 0% DCM/hexane through the columns following each separation. Prior to
use, an elution Hproﬁl_c was determineq for each column. These profiles showed the
percent recovery of the desired compound in each successive 10 mL of the eluate.

The separation procedure involved the following steps:

1. The DCM/hexane solvent was drained just into the glass wool.

2. The_ concentrated 8 mL extract from the Soxhlet extraction was
inereased to 10 mL with DCM, added to the top of the GPC column
and drained into the glass wool.

3. The K-D apparatus was rinsed with 10 rﬁL DCM/hexane. The rinse
v»;as added to the top of the column, and again drained into the glass

Y .v;ool.‘ , |

4.  Areservoir containing 230 ml DCM/hexane was placed on top of the
coLumn-,‘and allowed to drain freely.

5. Ba;éd on the elution profiles, the first 75 mL was collected and
diséarded.

6. The next 75 mL was collected, and reduced to 8 mL in‘a K-D
apparatus held in a 80°C water bath. ‘

333 . Florisil Cleanup ¢
\ Floﬁl' was used to removeﬁ'xe remaining lipid material in a procedure

described by Hesselberg and Johnson (1972). The florisil was activated by heating

10g sarnpics in 25 mL scintillation vials for 4 h(' in a muffle fumace at 400°C..

The samples were cooled in a dessicator, then sealed with alumihum@cd plastic

L1 |

63



caps and teflon tape. Because florisil separates compounds based on polarily, the
use of a nonpolar eluant like hexane required that the flonsil be partially deactivated
to prevent adsorption of all organic compounds. The flonsil was deactivated by the
addition of either 5% or 10% deionized water (by volume) to each sample,
depending on the pre-determined activation potential of each prepared batch.

Flonsil columns were prepared by placing a DCM extracted glass wool plug
at the bottom of a 400 mm by 10 nmm (internal diameter) glass chromatography.
column. Ten grams of partially deactivated florisil was wet-packed in 1‘hc column
using hcxar;c. A 20 mm layer of NapSQ4 was added to the top of the florisil to
protect against water contamination. A separate florisil column was prepared for
each extractuion.

The cleanup procedure involved the following steps:

1. The hexane was drained just into the Na;SOy4 layer.

2. The GPC extract was brought up to 10 mL with hexane, added to I.!lAC

top of the column and drained into the NaSOg4 layer.

3. The K-D apparatus was ringgd with 10 mL of hexane. The rinse was

added to the top of the column and drained into the NaSQOj layer.

4. An additional 40 mL of hexane was added to a 100 mL reservoir at the

top of the column, and drained into the Na;SO4 layer.

5. The entire 60 mL of added extract and hexane were collected and

reduced to 8 mL in a K-D apparatus held in a 80°C water bath. The 8
/

mL extract was further reduced to 1.0 mL under a stream of nitrogen

K - imaN-EVAP.
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334 GC Analysis

Acenaphthene was added as an internal standard to the final 1.0 mL
fraction before it was analyzed by Gas Chromatography - Flame lonization
Detector (GC-FID).

A 2.0 uL aliquot of the extract was withdrawn using a Hamilton 10 ul.
syrnge, and injected into a 30 m by 0.25 mm (internal diameter) fused silica
capillary column with DB-5 coatung (J & W Scientific).

Two flame ionization detectors were used for. GC analysis. The first
operated 1n a Varian Model 3500 capillary GC. The flow rate was 3 mL/min, and
the split ratio was 50. The oven temperature was programmed for 40°C for 1
minute, an increase of 8°C per minute to a final column temperature of 300°C, and
held at 300°C for 15 minutes. Injection port and detector temperatures were 270°C
and 300°C, respectively. Peak areas were measured with a Varian Model DS604
data system.

& The second FID was in a Hewlett-Packard Model HP 5880A series
capillary GC. The over mperaturc program, and injection port and detector
temperatures were the same as for the Varian 3500. Peak areas were measured with

a HP 5880A computing integrator.

3.3.5  Quality Control and Percent Recoveries
Quality control involved the addition of 1.0 mL of a standard "cocktail” of

all compounds to clean, control walleye tissue. The concpntrations of each
compound in the standard, summarized in Table -10, were similar to those used in
the threshold dc<tcrminations.. The standard was added directly to the blended
tis@lNa2804 mixture in the Soxhlet thimble and subjected to the extraction,
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Table 10. The concentration of each compound in the standard "cocktail”.

Compound Concentration
(ppm)
Naphlhalcnc 5.08
1-Methylnaphthalene 4.072
2,6-Dimethylnaphthalene 20.16
2,3,5-Trimethylnaphthalene 20.375
Benzothiophene 4.022
Dibenzothiophene - ‘ 4.128
p-Xylene 20.62
500 -

2,5-Dimethylphenol
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cleanup and analysis procedure as described. As the purpose of the quality control
standards was strictly to moniior the efficiency of the analytical procedure, these
samples were not subjected to the blending process used in the actual samples.
These quality control samples were also used to determine extraction rccovcrig%for
each compound in each of the six GPC columns.

All glassware used 'in the analysis was cleaned by soaking for a minimum
of 6 hours in a Nalgene bath containing a laboratory glasswar?;clcaning dctcrgcnvt,

then rinsed with tap water and acetone, respectively, and baked at 325°C for 4

hours.

3.4 MATERIALS 4

The chemicals used in the spiking of the fish flesh, and in thg:rcparation of
the standard "cocktail” were all pesticide grade and obtained from Fishc: Scientific
Co. ‘ &

The solvents used in the extraction and cleanup process were either pésticidc
grade or HPLC grade. The acetone, DCM and hexane were obtained
interchangeably from Fisher Scientific Co., Caledon Laboratories Ltd. ang
Anachemica Chemicals Inc.

The florisil (60 - 100 mesh), celite (545) and NapSOg4 (anhydrous) were
purchased from Fishér Scientific Co. The Bio-Bcads S-X3 were obtained from

'Bio-Rad Laboratories Inc. =
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4 RESULTS AND DISCUSSTON

-~

T USELECTION OF SENSORY THRESHOLD METHOD

'\:\‘k.

The odove deiccuon thresholds tor cach rephication of the two testing

.

methods are summarized w Table 11 Several general observations can be made
trom these values, the most significant ot which is the vanabihity of the resulis

between the testing methods 10 no rephcation of the expeniment are the threshold

values assigned by cach panchist the same for cach tgag, although common samples

were used. In addition, the threshold values for the Consistent Series Test appean

~

to be consistently lower than those for the Maoditied Tnangle Test

Threshold values also appear to vary c{msideruhly between replications ot

E]

the tests. The fish used in Replication #2 was of questionable ffeshness, and the

strong odour of the untainted fish may have biased the results for this replication.

v

However, 1t 1s the values determined 1in - Replication #3, where the fish was of
comparable quaiity to that used 1in Replications #1 and #4, that exhibit the moxst

discrepancy. The reason for this anomaly 1s not known.

[ 4

In general, the threshold values decrease with subsequent replications of the

experiment, suggesting that increased training of the panelists through repeated’

v

replicatrons may increase their ability to detgct the benzothiophene odour in the fish

tissue. .
’ .

The statistical significance of these observations is determined in the

. e

. . following analyses of the results.

~ S,



69

33w
000" 1 JO uolROUIIUOS 183U 1Y 2yl 10319p 10u pnod 1stjaued 3yl 1BYI SABIIPUL OO [< JO PIOYSIIY} UONIIAP I0N
05¢0 00S 0 000 1< 000t 000°1< 0060 . 000'1< 009°1< S
€900 8 YN0 000" 1£0°0 0001 0050 000°1< 00S°0 v
scl0 1t0°0 000" 1 000" 1< 0sC0 1t00 000'1< £90°0 £
WS 0 0sCO 000 1< 000 1< 000 1< 0060 000t 0060 4
000" 1 scl0 000 1< 000 1< scl'0 000 L0080 06T0 [ "
53] PISEIN 1591 PISEIN N3 SaUAg 159, SILIdG
3[3UBU]  1U3ISISUOD) 2{3UBL]  1UISISUOD) J13uBU]  1UASISUOD) J|durU]  1UASISUO)) .
r# uonEddaYy ¢ # uoreoiday 7# uouedi|day 1# uonedrdoy 1S1joueq

‘spoylaw

T

FULy1 0wl 2y Jo uonedidas yoes JoJ uaydorylozuayg Jo NyIam 1am Iy/dw) splousalyl Jnopo jo Arewwing [ [ [QeL
. [ .



A1 Qdour Dgg’clmn Threshold Valugs

Because of the small number of actual data points obtained, the results ot
cach rephcation were pooled i the determination of odour threshold values  In
accordance with the method desenibed by A ST M (1968a), the results were
summuarized for each test, and the proportion of tmes cach stimulus was reported
was determuned. The proportions were then graphed against the sumulus values
(bigure 11 ).

\ The absolute or detectuion threshold is detined as the level of stimulus
noticed 50% of the nime. The detection thresholds for the Consistent Senies Test
and the ’Modxficd Tnangle Test are (1335 mg/kg and 0.800 mg/kg, respectively.

Detection threshold values are usually reported as_a range rather than an
absolute number to fepresent the natural variability of the human population in
odour discnimination (Hamilton 1978). However, in many of the evaluations the
Banelists could not detect the highest concentration, indicati.ng the sample
concentrations were below the detection limits of the panelists. In addition, the
selection of thé lowest concentration in some evaluations could indicate that this
concentraton was above the detection limit of these panelists (Table 11). Therefore
the range of concentrations for the determined threshold values are beyond the

limits of the concentration range used in this experiment.

4.1.2 Comparison of Testing Methods

The t-test for paired data was used to evaluate the differences between the

threshold values for each testing method. Thig test is applicable because each setof -

paired values were drawn from one panelist. In the case of paired variables, the

difference between the two samples is considered the variate and is compared with

’ { ¢
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the standard deviation of the mean differences: Allh(\)ugh this eliminates _Ihc test-to
test vanation, this advantage 1s offset by a loss in precision because the standard
deviztion is based on fewer degrees of freedom (Kennedy and Neville 1976).

For the purposes of these evaluations, threshold values that were above the
concentration range presented (recorded in Table 11 as >1.000 mg/kg) were
assumed to be at the next concentration interval, in this case 2.000 mg/kg. Table 12
summarizes the test statistics for the paired t-test evaluation of the difference
between panelist thresholds for the Consistent Senes and Modified Triangle tests.
The threshold values are significantly different at the (.05 confidence level= As the
presentation order of the two tests was alternated between replications, thc<
detrimental effect of sensory fatigue on the second test can be eliminated as a
possible réason for the difference in threshold values. The threshold values
dctcﬁnined by the Consistent Series Test are thus significantly lower that those

tained using the Modified Triangle Test. ‘Bruvold (1977), in comparing
analogous lit¥rature values for organic substances commonly found in water, also
found that the Consistent Series Test consistently produced lower threshold values
thét‘;id the Tniangle Test. Rosen et al. (1962) reported that the Consistent Series
method yielded an odour threshold congcntration range for orgaric chemicals that

ovcrlapggd that c;f the triangle procedure. '
Sensory fatigue, caused by either overextending the sensory system with
[}

too many’}sts or by volatile chemicals that partially deaden olfactory response, has

been shot'rn to significantly affect threshold odour determinations (Hamilton 1978).

" The enhagced sensitivity of the Consistent Series Test is probably due to the fewer

>

number valuations required, and hence the reduced opportunity for either

physic;al r physiological sensory fatigue. This test also requires the preparation of

;
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fewer samples. The Consistent Series Test is therefore preferred for use in

subsequent threshold determunations.

r

4.1 3 Evaluaton of the Relauve Ability of the Pmklis(s

The Sequential Analysis procedure, described 1n Section 3.2.3.3, was used
Bdsscss the rcl;;tivc ability of each panelist in the odour determinations. For the
purposes of this part of the study, a "correct” decision indicates that the panelist's
threshold detection v;;luc for that replication was equal to or less than the overall
detection threshold calculated on the basis of all panelists in all replications (0.335
mg/kg for the Consistent Series Tegggand 0.800 mg/kg for the Modified Triangle

Test). A detection threshold below this value is deemed an "incorrect” decision. In

this manner, the panelists are being evaluated against the cumulative response of the

group. .
Because the paneksts used in this preliminary study were essentially
untrained, the minimum a'cccptancc criteria (p,) was decreased from that used in the
.-su’bscqucnt gcreening tests. Therefore, for this clxperimem, the assigned values
were py = 0.40, p, = 0.70, and 3 = 8 = 0.05. Using the series of computations
d;scrib‘cd in Section 3.2.3:3, a minimum of sixteen tests would be required to
fulfill these assigns:‘d specifications; although only four tests were performed for
this, cxpen"fncnn The cqmputcd cquatipns for the rejection and acceptance lines are:
Lo: dy =235 +0.552n
Lo;: dpj=2.35+0.553 n
Figures 12 and 13 iilustmti the sequential sampling patterns for the

Consistent Series Test and Modified Triangle Test. Because the performance of all
. *

panelists falls within the region of indecision, more testing is required before
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decisions on acceptance or rejection can be made. However, the graphs do allow
for rclativ‘e observations on the ability of the individual panelists, and on the
differences in performance between the twa tests. The number of cumulative
correct decisions is generally higher for all panelists in the Consistent Series Test
than in the Maodified Triangle Test. Panelist #3 is most proficient in the Consistent
Series Test, followed by V‘Panclisls #1 and #4. In the Modified Triangle Test, the
performance of Panelists #1 and #3 1s the best. As the person ogiginally specified
;15 Panelist #1 was replaced after the second replication, the a\ssessmcnt of the
relative performance of this panelist has little meaning. Overall, thefeforc, Panelist
#3 exhibited the greatest ability and Panelist #5 the least ability in odour
discn';nination.

The relative performance of each panelist can also be assessed on the basis
of the proportion of correct responses in the Modified Triangle Test that were
accurately idestified as being either "tainted” or "untainted” fish (Table 13).
Although Panelist #3 c‘:orre‘ctly ide‘ntiﬁcd the odd sémpléQmom times than the other

panelists, Panelist #4 had a hlgher proportion of responses that were accuratély

identified as to the nature of the sample. Overall, the performance of the five

panelists was relatively similar in both the numbers and proportions of correctly '

identified responses.

[ 3

4.1.4 EffectofIn Traini h Replicati

The observations of the investilgator and the con“lmentS of the ‘panelists
indicated that the identification of the bénzqthiophene odour becafnc éasier with
each subsequent replicatioffof the experiment. To tcst"tﬁié‘hypqdlesis, tﬁe detection

thresholds at Réplications #1 and #4 were determined and compared for each tests

h 4§
L4 R '
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Figure 14 compares the threshold values for the two replications of the
Consistent Series Test. The detection threshold value is again determined by the
concentration noticed 50% of lhc‘ time. The threshold value for Replication #1 1s
0.32 mg/kg, and for Replication #4 15 0.09 mg/kg. .

The comparison of threshold values for the Modified Tnangle Test i1s
illustrated in Figure 15. The data*from Replication #1 were extrapolated to
determine the approximate concentration corresponding to 50% of the responses.
The detection thresholds for Replications #1 and #4 are, respectively, 1.24 and

3

0.19 mg/kg.

The differences between the individual panelist threshold values for the two
replications of each test were compared using the paired t-test (Table 12). Although
;eithcr compan'son.indicz;tes a significant difference, the mean differences between
the replications are fairly high, at 0.475 and 1.112 for the Consistent Series and
Modified Triangle tests, respectivel. |

The large difference betwedn the thresholds for the Modified Triangle Test
indicates that the effect of training is greater for this test. The more co}nplica;cd
nature of*ﬁis test probably requires’ additional training to attain comparable

<proficie.ncy to that achicveq for the Consistent Series Test. This led to thé

' spcculétion that the observed differences in the overall results of the tests might be

less pronounced if the thxeshold values for Rephication #4 only were compared.

™ The comparison is illustrated in Figure 16. The threshold values are 0.09 and 0.19

mg/kg, rcspecfiycly, for the Consistent Series Test and the Modified Triangle Test.
These individual threshold values for this replication are not sigfificantly different

at the 0.05 significance level using the paired t-test (Table 12), indicating that

1
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further replications, and/for increased training of the panelists, might climin‘atc any
overall d#®rence in sensitivity betv.cen the two tests.

mffect of training through subsequent replications is also evident in the
proportion of correct responses in the Modified Triangle Test that were accurately
identified as being either “tainted” or "untainted” fish (Table 13). The proportion
of accurately identified responses increased steadily from 38% in Replication #1 to
24% in Replication #4. -

The relative performance of the panelists, and the enhanced odour
discrimination achieved through subsequent ‘réplications,\ illustrat;:s the necessity of
pre-screening and intensive training of panelists in threshold determination tests.
Foster (1968) and Wittes and Turk (1968) found that'failurc to obls?rvc these

procedures is the major source of variability in the subjective measurement of

odours.

v N ' ;

4.2  SENSORY PANEL SCREENING AND SELECTION
. 4

-

" 4.2.1 Taste Recognition S : B
Each panelist was scorcd by awardmg a value ‘of 1 for a correct response,

and a value of O for an incorrect response. A summary of the tastc scores for each

1

panelist, and the -cumqlanvc scores for each sample is given.in ’Fablc 14. Panelist -

scores ranged fmn; a rrxir;imum of 4 (50&? correct) to 8 (100% corrcé‘t'). Qverall,
the taste scores 'werc high, with 67.9% of the parrelists scoring the maximum of 8,
21.4% scormg 7, and 3.6% scormg 6, 5 and 4, rcspcctlvcly The poor scorc
exhibited by Panchst #24 was due tQ confusmn betwccn t’terms sour” and

"bitter' ,and does not indicate ageusia. . . s

- N . S
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Table 14 Taste pecogmiuion serecmng lestresulis (1 correct response and 0
INCOTTCCT TENPOnSe.
Pranchist Faste Scorce § 1ol
No
Sour Blank Salny Battet Sweel Ritter Rlank Sout
1 1 1 1 1 1l 1 1 1 X
N 1 1 1 v 1 1 L e 1 X
3 1 1 | 1 1 1 A 1 R
1 1 1 ! 1 ! 1 1 | 8
5 ! ! ! ! 1 T 0 ! ]
8 1 1 1 1 1 1\ > | 1 N
> I 1 | | | 1 1 ) 1 I
by 1 1 1 1 ! 0 1 1 7
9 1 | ] 1 1 1 ! 1 by
10 1 1 1 1 i 1 1 | X
11 1 1 ! ] 1 | 1 1 . R
1. 1 1 1 1 1 ] | I X
1 1 b 1 1 I 1 1 1 8
14 ! 8] 1 1 1 1 1 I ]
15 1 1 1 | 1 1 1 1 X
16 I ! 1 1 1 1 1 1 X
17 1 1 1 1 1 1 1 1 I
I8 Q0 1 | 1 1 | 1 - 1 7
19 1 ! 1 1 1 1 1 1 8
20 0 1 1 i I 0 0 I S
21 1 1 1 1 1 1 i 1 8
22 TN 1 ! 1 I 1 1 K
23 1 | 1 1 I 1 1 1 8
24 0 1 1 0 1 0 1 0 4
25 0 1 1 1 ! | 1§ 7
26 1 1 1 i 1 1 1 1 8
27 i 1 1 1 1 1 1 ) ¥
28 i 1 1 0 1 0 1. 1 6
‘ N
Touwl 24 Y27 28 26 28 24 25 27 200
% Correct  86% 96% 100% 93% 100% 86% ~ 89% %6%

‘\"\
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The overall percent of cach sample judged correctly shows that the panclists
had no difficulty in recognizing salty and sweet tastes. M(’)‘rc\delcully was
encountered with the soursand bitter tastes, possibly due to an inCorrect
mterpretation of these terms. Surprisingly, some difficulty was also encountered
with the "blank™ witer samples This could be the result of using distulled ’\A\'u(c‘r,
which dflcngﬁ;n a shightly bitter taste. Tap water was found 1o be better for sensery
evaluation purposes. it it does not have any unusual taste or odour. Based on these
results, tap water was used for nnsing purposes an the \Ah,\equ(‘m screening,
traminggnd evaluation tests,

.

422 Odour Recogniuon

As the description of odours 1s more subjective than the recognition of taste,

a score of 0 to 5 was awarded based on the relationship of the description to the

.

aosctual odour. The scoring procedur® was adapted from that suggested by Vaiscy

Genser (1977). Five was the maximum sc;re, and was given only if the
description was completely accurate. A score of 4 was awarded if the desc;n'ption
was synonymous with, but not'identical to, the odour stimulus. A score of 3
indicated that the dcscripti‘on'was somewhat correct (within the same narrow class
of odours as the actual odour), whereas a score of 2 Indicated the description was
somewhat incorrect (within the same broad class of odours as the actual odour). A
score of 1 was awarded if the description was nearly incorrect, but still had some
slight relationship to the odour stimulus. An absolutely incorrect response was

given a score of 0. These scores were assigned by a single individual to ensure

consistency of the evaluations.

')‘



A summary of the ud(:}xr recognition scores is given in Table 150 As
described in Sectiorr 3.2.3.2, two separate odour screening tests were conducted.
Each panchst cu;nplcicd only one of the tests. The two tests differed somewhat in
both the nature of the odour solutions and the order of presentation . The upper set
of odour descriptions in Table 15 are those used in the initial odourvscrccning test.
The descriptions in pareritheses are the odours used in the second screening test.
The best score was attained h‘:v Panelist #28, who scored the maximum on all odour
descripgons for a totl score of 50. Panclist #7 showed t.he poorest score.,
accumulating only 20 points out of the possible 50. Panelist #11 was unavailable to
complete this and subsequent screening tests. )

Cloves were the most readily recognized odour. In a 1986 survey of
26,200 people across the United States, Gilbert and Wysocki (1987) found that of

six representative odour samples, eugenol (cloves) scored highest among both

sexes 1n identfication.

4.2.3 Sequential Analysis

The panelists were scored in the Sequential Analysis test by awarding a
value of 1 for correctly identifying the sample with the highest concentration of
naphthalene in the paired comparison test, and a value of O for an incorrect
evaluation. .

A surhmary of the Sequential Analysis test results is given in Table 16. The
numbers beneath-each pair number represent the conccnt}atic;ns of naphtha in
mg/kg of the two paired samples. Panelists # 2, 3 and 27 scored the maximum of

21. The lowest score wds attained by Panclist'#9, who scored only 10. In general,

the pairs of samples with the largest range in concentration were most frequently
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Table 16, Sequential Analysis screening test results (1 = correct response and 0 =
INCOITECT TESPONSE).

~ Panelist Sequential Apalysis Scores (Session #1)
No. Pair #1 Pair#2 Pair#3 Pair#4 Pair #5 Pair #6  Pair #7
L A& 2&8) R&D) B&4) B&2 Q&8 (&4
1 0 1 1 1 ! 1 1
2 1 1 { 1 1 1 1
3 1 1 1 1 1 1 1
4 1 ] 1 0 1 1 1
6 1 1 1 1 0 1 0
7 -
8 . .
9 1 0 0 0 1 1 1
10 0 1 1 0 1 1 0
i1 - - - - - - -
12 1 1 1 1 1 1 1
13 \ 0. 1 1 1 | 1
14 0 0 N 1 1 1 1 1
15 1 0 1 1 0 1 -1
16 0 1 1 0 1 1 1
17 1 1 1 1 .1 1 1
18 1 1 1 1 0 1 \
19 - 1 i 0 1 1 1 1
.20 1 I 1 1 1 1 0
21 0 1 1 4 0 1 1
22 1 1 1 1 1 1
23 - - - - - - -
24 0 1 1. 1 1 1 1
~ 25 1 1 1 1 1 1 1
26 1 1 1 rJ 1 1 0
27 1 1 1 i 1 1 1
28 1 L 1 1 1 1 1
Total 17 19 21 19 19 23 19
% Correct 74 83 91 83 83 100 . 83
1 . Bracketed numbers are the concentrations of naphthalene (mg/kg) in the two
paired samples ‘ : :
continued . . .
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Table 16, Continued.
Panelist : Sequential Apalysis Scorgs (Session #2) .
No. Pair #8  Pair #9  Pair #10 Pair-#11 Pair #12 Pair #13 Pair #14
0&2) (8&4) B&0) L&4) 8& 2)7(0&4) (0&4)
1 0 1 1 1 1 0 1
2 1 1 | 1 1 1 1
3 1 1 1 ] 1 1 - 1
4 0 1 1 1 1 1 1
5 . N ~ - - - -
6 1 1 1 0 15 0 1
7 -y . - . .
8 , . B B
9 0 0 1 0 0 1 1t
10 ) 1 1 1 1 1 1
11 - - - - - - -
12 R 1 1 ] 1 1 1
13 1 1 1 » 1 1 1
14 1 0] 1 0 1 | ()
15 1 Q0 1 1 1 1 1
16 l 1 1 0 o | 1 1
17 0 0 1 1 1 1 1
18 0. 0 1 1 1 0 1
19 i 1 1 1 1 1 1
20 1 | 1 0 1 -0 1
21 0 | 1 | I.- 1 1
22 1 1 1 1 1 1 1
23 - - - - - - -
24 0 1 1 1 1 0 1
25 1 1 I 0 1 0 1
26 1 1 e | 0 1 1 1
27 1 1 1 1 1 1 1
28 0 1 1. 0 1 1 1
Total 15 18 23 15 22 17 22
% Correct 65 78 100 65 96 74 96
_ P

continued . . ..



Table 16. Concluded.

N
4

Panelist Sequential Analysis Scores (Sesston #3)
No. Pair #15 Pair #16 Pair #17 Pair #18 Pair #19 Pair #20 Pair #21 Totl
4&8) B&D) V&4 Q2&0) Q&) ®&D 2&4)

\
1 0 1 1 0 0 1 1 1s
2 1 1 1 1 1 1 ! 21
3 1 1 } 1 1 1 1 21
"4 0 1 1 1 1 ! 0 17
6 1 1 1. 1 1 ! ! 17
7 _ - R
8 - R B
9 0 0 0 1 1 0 10
10 1 1L 0 0 1 1 16
1 - . i - ; : i :
12 1 A ! 0 1 1 1 20
13 1 1 1 1 1 1 1 20
14 1 0 ¢ I 1 1 1 1 15
15 1 11 0 1 0 1 16
16 1 1 1 1 0 1 1 17
17 1 1 1 1 1 1 b 19
18 1 1 1 1 0 1 1 16
19 ! 1 1 1 1 1 1 20
20 1 1 1 0 1 1 1 17
21 1 1 1 1 1 1 1 18
22 1 1 1 0 1 b 1 20
23 - i i i i - i i
24 1 1 1 0 1 1 1 17
25 - 1 1 1 0 1 1 1 18
26 1 1 1 0 0 1 0 16
27 1 1 1 1 1 1 4 1 21
28 1 1 0 1 1 1 1 18
Total 20 21 21 14 18 22 20 405
% Correct 87 91 91 61 78 96 87 84

o




\{udgf‘d cor;rcc(ly Panclists #5, 7. 8 and 23 were unavailable to complete this
s\c.r(‘cning test.

In ;1c.cnrd;mcx with the prescribed evaluation procedures for this test, the
cumulative correct scores for eac\h panelist were plotted against the cumulative
number of trials. These gr.aphs are given in Figures 17 through 22, The
performance of most panelists falls within the acceptance region, as defined by the
assigned specifications. This indicates that they correctly identified more than 70%
of the paired samples. The cumulative scores of panelists #1, 9 and 14 fall within
the region of indecision, indicating that further tests would be required to detenmine
if these panelists could meet the acceptance criteria. All panelists correctly identified
more than 45% of the samples correctly, and could not be unequivocally rejected

based on the ability rejection critena.

4.2.4 Paneglist Selection

A summary of the scores and the percent correct for each panelist is
presented iry Table 17 for the three screening tests. Only those panelists completing
all of th%clecning tests were included in the selection process. The scores of these
panelists were ranked, with 1 indicating the best score. Tie scores were awarded
the same rank. ’

Unfortunately, it was not possible to select the ten top mnkin%panelists for
the final panel because of availability and qlotiyation. Panelists # 13, 15,17 and 19

M‘;i(ranking 2nd, 8th, Sth and 8th, rcspcctiv'cly)‘ were leaving the country and would
not be available for the duration of the evaluation tests. Panelists #10 and 12
(ranking 6th and 3rd, respectively) were unwilling to continue with sensory testing

involving tasting of the fish samples. Panelist #25 (ranking 6th)— was one of the

89
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Figure 17. Sequential Analysis results for Panelists #1, 2, 3 and 4.
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Figure 18. Séquential Analysis results for Panelists #6, 9, 10 and 12.
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Figure_ 19. Sequential‘ Analysis results for Panelists #13; 14, 15 and 16.
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mvestipators involved m concurtent fish tuntng studies and was not avarlable tor
tegular panel sessions Theretore, ghe imual tinal pancl selected consisted of
p

Panclists #1234 6,16, 20,2122 and 27 Panchsts # 21 and 22 were unable
to continue atter completing four prelimmary tests, and were replaced with Panchists
#18 and 28 Panclint #26 was the invesugator tor this studycand parncipated m all
tests  The mntegrity of the evaluations by the investgator were mamtained on the
basis that an assistant packaged the coded samples. and the evaluation was
completed mn advance ot sconng the other panclists cvaluduons Theretore, a final
pancl ot eleven individuals was used

The tinal panel was composed of five males and six females, ranging i age
from 24 to 40 vears. All panclists were non smokers The panclists came trom a
range of backgrounds relative to this experunent  one panchst was a chemist, and
was familiar with the odours of many of the compounds used: two panelists were
graduate students working 111 sensory evaluaton with the Department of Foods and

’ &

Nutrition; three panelists worked with fish with the Department of Zoology. one
panelist was familiar with sensory evaluation procedures through work with the
Department of Food Science: and two panelists were directly involved with this
project.

For ease of future reference the final selected panelists were renumbered

consecutively from | to 11 in subsequent testing.

4.3  THRESHOLD DETECTION VALUES
{
All compounds were screened in a single sensory panel session at an
expanded range of concentrations. Because of relatively poor detectability by the

panel, thiophene, 2-megthylthiophene, toluene and mesitylene were not pursued for

07



detecnon threshold evaluation The test concentration ranges and sensory results
tor these compounds are given i Table 1X

The concentration ranges used for the threshold detection evaluation o the
remaining compounds were based on the results ot the prehminary range
determination tests. The concentration ranges used for the preliminary tests (Table
19) were denved from the available threshold data for the compounds in fish flagl,

\
and water (see Secuon 2.3). Although cach successive concentration was based on
a factor of two increase., some of the mntervals were omitted to obtain the expanded
range necessary to determune the appropriate threshold range for the panelists
Table 19 also shows the final concentration ranges ased in the threshold evaluatons
as determined from the preliminary tesung.

The individual panelist threshold values obtained for each replicanon are
summarized for the selected compounds in Appendix B, The results of each
replication of the threshold cvaluzm(?ﬁs({or these compounds were pooled to
determine the ovgrall threshold values. Individual tests were discounted 1f the
panelist complained of an abnormality, such as an off-flavour reference saraple, and

. '
if this test threshold was inconsistent with those of the other two replications.

The detection thresholds for each compound were determined using the
A.S.T.M. (19683) method described in Section 4.1.1. Figures 23 through 31
illustrate the derivation of the detection thresholds for each compound.

'

A survey of the paﬁclists throughout the tests and following the completion
of all evaluations indicated that eight of the eleven panelists attributed their
assessment of the presence of a "tainting” compound primarily to the odour
component. These panclists‘agrccd that, in general, tasting the samples produced

-

no additional organdleptic sensation. Those panelists that did experience some taste

0K



Table 18

99

Test concentration range and sensory evaluation results for compounds
not pursued for detection threshold evaluauon.

Réults: & panelists (73%) could not detect compound at 4 (X) mg/kg

. Thiophene

Test concentration range: 0.031 10 4.00 mg/kg

2 panclists (18%) detected compoundv at 4.00 mg/kg
I panelist (9%) detected compound at 0.50 mg/kg

. 2-Methylthiophene

Test concentration range: 0.031 10 4.00 mg/kg
Results: 3 panelists (27%) could not detect compound at 4.00 mg/kg
4 panelists (36%) detected compound at 4. 00 mg/kg
2 panelists (18%) detected compound at 2.00 mg/kg
1 panelist (9%) detected compound 0.50 mg/kg
1 panelist (9%) detected compound at S\().(Bl mg/kg

. Toluene

Test concentration range: G.063 10 16.00 mg/kg

Results: 4 panelists (36%) could pot detect compound at 16.00 mg/kg
5 panelists (45%) detected compound at 16.00 mg/kg A
1 panelist (9%) detected compound at 8.00 mg/kg
1 panelist (9%) detected compound at 4.00 mg/kg

. Mesitylene

Test concentratiort range: 0.¢3 to 16.00 mg/kg

Results: 5 panelists (45%) could not detect compound at 16.00 mg/kg
4 panelists (36%) detected compound at 16.00 mg/kg
2 panelists (18%) detected compound at 8.00 mg/kg



s
3

Table 19 The preliminary

and final threshold cofcentration ranges used for each
compound pursued for threshold evaluauon.t

¥

100

Compound Preliminary Final
Concentration _ Concentration
Rangg ¢ Range
(mg/kg) (mg/kg)
Naphthalene 0.031 o 4.000 0.063 to 2.000
1-Methylnaphthalene 0.031 o 4.000 0.125 o 4.000
2,6-Dimethylnaphthalene 0062 o 8.000 2.0 to 640
0.50 w 32.00
2.3,5-Trimethylnaphthalene 0.50 t 32.00 20 1w 64.0
Benzothiophene (Test #1) 0.031 o 4.000 D.063 10 2.000
Benzothiophene (Test #2) 0.0063 to 0.2000
Dibenzothidphene 0031 to 4.000 025 to 8.00
p-Xylene 0.063 o 16.000 1.0 1t 32.0
2,5-Dimethylphenol 0.063 to 16.000 0.016 to 0.500
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Figure 23, Detection threshold for naphthalene (n=33).

100
90

% Response (Cumulative)

1

80 -

<4

Detection Threshold
.= 1.38 mg/kg

-

20 25

* *

30 35

=t

0.5
1-Methylnaphthalene Concentration (mg/kg)

—

1.0

+

1.5 4.0

§

Figure 24. Detection threshold for 1-methylnaphthalene (n=31).



102

100 1

90 4
4 em—
3. 801
=S

v 3 ) 4

. 8 2L
S 60

B féi 50 1 Detecuon Threshold = 1.2 mg/kg
g 40
S
% 30 1
S 201
10 + v 1

0 8 16 24 32 40) 48 56 64

2.6-Dimcthylnaphthalene Concentration (mg/kg)

Figure 25. Detection threshold for 2,6- dimethylnaphthalene (n=33).

100 1
90 1
80 1
70 1
60 L
50 Detection Threshold = 6.4 mg/kg

40 1
30 1
20 7
10 v v v - v v T .L‘r 2

0 8 16 24 32 40 48 56 64

% Response Cumulative

2.3,5 - Trimethylnaphthalene Concentration (mg/kg)

Figure 26. Detection threshold for 2,3,5-trimethylnaphthalene (n=29).

|



10X} 1
90 A
80 4
70 4
60 4
50 1
40 1
10 1
20 A1

10 1

% Response rCumulative:

Detection Theeshold = 0 12 mg/kg

Figure 27 Det

100 7
90 1
80 1
70 1

+ —t — +*

0 025 050 075 100 125 150 175 2.00

Benzothophene Concentration (mg/kg)

ection threshold for benzothiophene (Test #1) (n=33).

50
40 7
30 1
20 7
10 1

% Response (Cumulative)

Detection Threshold
= 0.094 mg/kg

0 0.05 0.1 0.15 0.2

Benzothiophene Concentration (mg/kg)

Figure 28. Detection threshold for benzothiophene (Test #2) (n=33).



1O 1

()() 4
9}: 80 A
2 70
=2
E () /
Y50 /
3 - -
c 40 Detection Threshold
% 30 1 = 4.67 mg/kg
04 20 1
& 10 4

0

0.00 1.00 200 300 400 500

6.00 7.00 800

Dibenzothiophene Concentration (mg/kg)

Figure 29. Detection threshold for dibenzothiophene (n=33).

R

% Response (Cumulative)

—

Detection Threshold = 9.0 mg/kg

0 4 8 12 16 20

+ *+

24 28 32

p-Xylene Concentratiop Qng/kg)

¥

Figure 30. Detection threshold for p-xylene (n=33). '

104



105

100 1
90 A
80 1
70
60 1
50
4() Detection Threshold
30 A : = 0.21 mg/kg
20 1
10

0

% Response Cumulative

——

0 0.125 0.250 0.375 0.500

Py

2,5-Dimethylphenpl Concentration (mg/kg)

/
A

Figure 31. Detection threshold for 2,5-dimethylphenol (n=33).



sensation when no odour was detected indicated that this occurred with a few of the

compounds tested (2,5-dimethylphenol was the only compound specifically

mentioned). This concurs with Appel (1985) who stated that aroma, as perceived
in the riasal passages, contributes 75-80% of the impression of flavour in food.
Further support is provided by Kerhoff (1974, cited in Connell and Miller 1981),
who found that petroleum hydrocarbons have little capacity to generate a taste
sensation, and that the prime response 1s olfactofy. Therefore, the threshold values
determined in this study would be most accurately designated as odour thresholds
only. ‘

In the threshold evaluati;)ns for all compounds, some panelists either
detected the compound at the lowest concentration, or could not perceive it at the
highest concentration. Therefore, as in the comparison of sensory methods, the

detection thresholds cannot be reported as a concentration range.

Two separate threshold evaluations were done on benzothiophene to

4

confirm test results and compare carrier solvent methodologies. Test #2 used
mineral oil rather than ethanol as a carrier solvent, and was done at a range of
"concentrations one order of magnitude lower than~Tcs't #1. The small difference in
the observed detection levels is well within the discrimination limits of the test
procedure. This suggests that the determined threshold values are independent of
the range of concentrations used, and that, {hc nature of the cameér solve.nt was hot

affecting the sensory evaluations at low concentrations. N

4.3.1 Comparison with Compound Volatility
The physical properties affecting thevolatility of the compounds, and hence

the flavour aroma gencrétcd by each, are discussed in Section 2.4.2 and
) N

m—
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summarized in Table 5. A ¢omparison of these values with the odour threshold
values for the compounds allows for some general observations on the correlations
between the values. Threshold values appear to be unrelated to water solubility.

This is probably because the compounds were spiked in fish tissue and the relative

water concentration was low. As the Henry's LLaw Constants ar¢ denved from

solubilities, 1t 1s not surprising that there is also no cvidentrcorfeiation between
these and the threshold values.

Better correlation appears to exist between the lhréshold vélucs and I-hc
vapour pressures and molecular weights of the compounds. Vapour pressure
indicates the tendency of the compound to évaporalc. Compounds with an
extremely high vapour pressure, such as thiophene, 2-methylthiophene, tolucnq p-
xylene and mesitylene evaporate very quickly on being exposed to air. Their odour
would dissipate very quickly, possibly explaining why these compounds could not
be readily detected by the panelists. At the other extreme, compounds with a
relatively low vapour pressure, such as 2;6-dimethylnaphthalene, 2,3,5-
trinlelhylnaphthalenc and aibenzo(hiophenc, would tend to remain in the tissue
much longet. Hence, these compounds tend to have a high detection value.
Compounds;intcrmcdialc between these two extremes, such as naphthalene,
benzothiophene and 2,5-dimethylphenol, tend to be detected at very low levels.
Although these general observations appear to partially explain the observed
threshold values, Jones (1955, cited in Amerine et al. 1965) suggested that a perfect
relationship between vapdur preséurg and odour threshold cannot be expected in all
cases, because of steric hindrance (hindrance of chemical action ascribed to the
arrangement of atoms in space) and specific structural properties 6f compounds

which may influence adsorption on the olfactory receptors.
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In general, the characteristic odour of a chemical compound decreases with
molecular weight in a homologous series (Amerine et al. 1965). This i5 evident in
the increased detection threshold level with the addition of one or two methyl
groups to paphthalene. However, the detection threshold for trimethylnaphthalene
was less than that of dimethylnaphthalene. The difference between these thresholds
is 5.8 mg/kg, which is less than a factor of two increase from the 6.4 mg/kg
threshold of trimethylnaphthalene. As previously discussed, this amount of
increase in concentration is generally acknowledged to be the minimum difference
in intensity perceptible to the humaﬁ sense of odour. Therefore, the lower value for

trimethylnaphthalene may not be significantly different from the value for
| dimethylnaphthalene.

Benzothiopheéne showed the lowest deléction threshold level of the
compounds tested. It is a volatile and pungent compound, with a distinctive odour.
A considerably higher threshold detection value was noted for the larger and less
volatile dibenzothiqphcnc.

A high detection threshold value was noted for p-xylene. However, the
oxidized form of p-xylene, 2,5-dimethylphenol, exhibited a low dctccfion value,
suggesting that the dimethylphenols may be a rﬁone important tainting component
. than the xylenes. Phenols may occur in Athc muscle tissue as a result of direct
upEakc, or by metabolic oxidation of the alkylated benzenes. Aquatic organisms
have been shown to possess oxidative metabolic pathways for aromatic compounds
(Saathre et al 1984) and it is possible that p-xylene is bei'ng metabolized by the fish
to 2,5-dimethylphenol. Metabolic oxidations of this nature have been r;:portcd for

the transformation of naphthalenes and methylated naphthalenes to the

corresponding naphthols in seveml fish species (Melancon and Lech 1979; Varanasi
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“and G 198 1) Thomas and Rice (1982) found metabolites ot alk viated benzenes
N »

i
C o the musc e of exposed fish, suggesting that the metabolism ot these compounds

My ovcut homany tssues other than the iver ;

A3 Comparson with Published Threshold Values

In pencral, the mimu threshold values determined tor these compounds 1in
fish tssue C\.(‘(f(‘dc(;(h(‘ recent reported odour threshold values m water (Table )
by at ledst two orders of magnitude Earlicr reported values (pre 1970) were
excluded f'mm comparison because of the great advances in analyucal dclg‘ulun
dines made since thear detenmination. ,

Again, the outdated nature of the reterences makes it ditficult to compare the
thieshold values determined 1 this rescarch with those values published for
threshold odour concentranon in fish (expressed as exposure concentration in
wiker) (Table 2) “The only recent value 1s reported for xylene (ugknown isomer)
unthnown fish tssue as 0.3 my/l.. It muluplied by the cs(ixxlﬁm})n(‘entr;xlX(>r1

s
factor tor p xyleng of 146 (Table 6), the resulting tainting (‘(mg‘;fhir&ition would be
44 mg/kg 1n fish flesh. This value 1s approximately five tmes higher than that
determined 1n these investigations.

The only reported threshold value for these compounds in fish tissue was

for xylene (unknown isomer) in scallops at 100 mg/kg (Table 1). This 1s

approximately eleven times higher that the value determined in this study.

4.3 3 Comparison with Biocongentration Factors

-In general, the observed threshold values are positively correlated with the

e

estimated bioconcentration factors (Table 6). With the exception of toluene, p-



xvlene and thiophence, threshold values tend to ICTEaNe as broconcenttation
potential increases  This suggests that, for mcidents mvolving low level chroni
discharge, compounds such as naphthalene benzothiwphene and dimethylphenol
may cause short term tunting problems because of their low detection thyeshold
values, while compounds such as the diand twnimethylnaphthalenes. and
dibenzothiophene may have long term tanting etfects because ot their accumulatisn
to higher concentrations m the fish flesh. However,in large scale spall incidents,
the st group of compounds may l‘)(‘ prunarily responsible for causing tamntin fish
This contention has been supported by Neff (1987). He claims that low
molecular weight aromatics. such as benzene znd naphthalene, are accumulated and
released rapidly by aquatic organisms, whereas higher molecular weight
compounds are accumulated more slowly. but are retained for a longer ime. Asa
result, org;uusl;; exposed 1o oil tend to accumulate higher concentrations of high
molecular weight hydrocarbons than those of low molecular weight hydrocarbons.

even though the oil may contain higher concentrations of the latter.

4.4 * SENSORY PANEL PERFORMANCE
“4.4.1 Comparmon of Mean Threshold Values Between Panli .

A Randomized Complete Block Design (RCBD) two-way Analysis of
Variance (4NOVA) was used to test the null hypothesis of no difference in mean
threshold values between panelists. Each replication of the threshold evaluation
was considered a "block”, and the nature of the samples and the test conditions
within the block were expected to be rclativ.ely homogeneous. This was felt to be a

reasonable assumption, as the samples for each réplication were prepared at one
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ume, and all evaluations were pertormed atapproximately the same tme ot the dav
Fach panclist was conssdered a "oeatment™ Thas design has the advantage of
chnminating anv varation between replications from comparison of the panchivt
evaluations

The ANOVA was pertormed tor every compound evaluated tor threshold
detection levels, The expernnental Fovalues obtained for every analysis aice
sumnarized m Table 200 Full ANOVA tables are given in Appendix C As i the t
test evaluations 1 Secuon 4.1 3 threshold values thay were above the concentration
range presented were assumed to be at the next concedtration mnterval,

Signiticant b values  were  obtained  tor naphthalenc, 2.6
dimethylnaphthalene and benzothiophene (Test #2), indicating stgniticant
ditterences 1 panchist threshold values for these compounds

A

4.4 2 Vanability in Detecton Threshold Values

Intra-individual changes in the threshold sensiuvity of panel members
during the three sessions were compared for two compounds by assessing the
number of times the same detection threshold level was reported by each panelist.
This procedure was used by Zoeteman (1980) to evaluate differences 1n odour
sensitivity in threshold d®tection of individual compounds in water. The percentage
of panel members reporting the same threshold in all three sessions, the same
threshold in two sessions, and different thresholds in all three sessions were
compared. Table 21 summ‘ﬁrizcs the results obtained using this p;occdure for the
~ nine compounds evaluated for this investigation.

The overall consistency of evaluations was poor, with only 8.1% of the

panelists reporting the same threshold for all three replications of the test. The
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Table 20 Calculated E values tor cach compound using a Randomized Complete
Block Design ANOVA L The test rephications were constdered as
“blocks” and the panclists as “treatments™

-

Compound Fro2o Significant
Naphthakene 323K Yes
1 Methylnaphthalene 1.414 No
2,6 Dimethylnaphthalene 2.576 Yes
2.3.5 Trnimethylnaphthalence 1.53% No
Benzothiophene (Test #1) 0.955 No

LN
Benzothiophene (Test #2) 2 640 Yes
Dibenzothiophene 1.083 No
p- Xylene 0.967 No
2.5 -Dimethylphenol 2195 No
F 51020 = 2.35 (Kennedy and Neville 1976)



Table 21 Vanaton in panchst consistency of taste and odour sensitivity between
compounds

'
Compound Same Same Diftferent
Threshold Threshold Threshold
In 3 sesstons in 2 sessions tn all sessions
Naphthalene 0% .45,5‘% 54.5%
I Methylnaphthalene 18 2% 36 3% 45 5%
2_(»[)imcihylnuphlhulcnc . 9% 54.5% 36.4%
2.3.5 Tnmethylnaphthalene 0% 54.5% 45.5% /
Benzothiophene (Test #1) 18.2% 18.2% 63.6%
Benzothiophene (Test #2) 9. 1% 54.5‘%{) 36.4%
Dibenzothiophene 0% 54.5‘7«) 45.5%
p Xylene 0% 54.5% 455%
2.5-Dimethylphenol 18.2% 18.2% 63.6%
TOTAL 8.1% 43.4% 48.5%




largest percentage of panelists reported different thresholds for all three sessions,
further illustrating the instability of panehist sensitivity. However, panelists seldom
Jfffered by more than one concentration interval, or a factor of two, in their
evaluations. Although this was assumed in establishing the concentration ranges to
be the least amount of difference in intensity that can be recognized by the panelist,
the actual difference thresholgds for some compounds may be more than a factor of
two higher than the detection thresholds. This may account for some of the
variability between threshold evaluations.

Naphthalene, benzothiophene (Test #1) and 2,5-dimethylphenol exhibit the

most variation in panelist consistency, with the majority of the panelists showing
different thresholds in all three replications. Panelist cor&stcncy does not appear to
be related to significant differences in threshold values between panelists, as
determined in Section 4.4.1.
. This procedure was also used to compare the consistency of individual
par{clists (Table 22). The panelists were ranked from 1 to 10 based on_the
consistency of their cvaluati.ons.‘ To determine overall sensitivity ratings, the
sensitivities were rated for each panelist for each compound, and the final rating
based on a ranking of the average sensitivities. These results show that consistency
is mot necessarily comparable to sensitivity, as the panelist ranked #1 for
consistency also exhibited a poor detection sensitivity. Observation of the panelists
indicated that rg,proached the evaluations as a "test” of their abilities, and
were more prone to guessing. 'Ihe- panelists exhibiting the least variability tcndcd'to
give a more conservative evaluation of differences in taste and odour.

Panelist #6 was the least consistent, having never reported the same

detection threshold for all replications of every compound evaluation. This panelist
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became pregnant at the beginning of the sensory threshold determinations. In their
recent national survey, Gilbert and Wysocki (1987) found that, contrary to common
opinion, olfactory sensitivity may be reduced rather than hcighlened during
pregnancy. |

Although more cx'tcnsiVC training may have increased the consistency of the
panelist evaluations, this was precluded by the-number of compounds evaluated in
this study, and the resulting time contraints.

. ¢

4.5‘ TISSUE ANALYSIS RESULTS

Tissue analysis was completed for the naphthalene, 1-methylnaphthalene,
benzothiophene (Test #1), dibcnzothiophcné and 2,5-dimethylphenol samples.
Interference in the gas chromatograms caused by the mineral oil carrier prohibited
analysis of -the 2,6-dimethylnaphthalene, 2,3,5-trimethylnaphthalene,
benzothiophene (Test #2) and p-xylene samples. Although mineral oil was also

present in the 2,5-dimethylphenol samples, repeating the separation and cleanup

procedures was effective in eliminating this interference. “This procedure was not

successful for the dimethylnaphthalehc, trimethylnaphthalene, benzothiophene (Test V

#2) and p-xylene samples. The analysis for p-xylene was further hampered by the
poor extraction recovery exhibited for this compound in the quality control spikes.
The analyzed conccqtratfons of each compound in the walleye tissue were
adjusted for the extraction recoveries determined from the quality control samples.
- The extraction values, extraction recoveries and adjusted analytiéal values are
summarized in Table 23 for the corﬁpounds analyzed. thrc.possiblc, the

extraction recoveries are given for the exact +iPC column on which the sample was

run. average of the extraction recoveries for the six columns is used where the
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Table 23 Fish ussue analysis results for cach spiked sample.

Samples Measured Extraction Adjusted.
Conc. Recovery Conc.
" (mpe) (%) (mg/kg)
Naphthalene
0.063 0.027 82 0.033
0.125 0.064 82 0.078
0.250 0.138 82 - 0.169
0.250 0.11% 82 0.144
0.500 0.275 82 0.335
1.000 0.386 K2 0.471
2.000 82
I-Methylnaphthalene
0.125 0.081 81 0.100
0.250 0.150 81 0.185
0.500 0.280 81 0.346
1.000 0.549 81 0.678
2.000 1.480 81 1.827
4.000 2.993 81 3.695
Benzothiophene (Test #1) N
0.063 0.047 80 0.058
0.125 0.107 70 0.153
0.125 0.094 7 0.122
0.250 0.178 90 0.198
(.500 0.272 {7 0.354
1.000 : ‘ 0.729 77 0.947
2.000 . 1.285 77 1.669
Dibenzothiophene
0.25 0.222 81 0.274
0.50 0.348 -, 81 0.430
1.00 ‘ 0.715 81 0.883
2.00 1.384 81 1.709
4.00 2675 81 3.302
4.00 3.618 81 4.466
8.00 6.709 81 8.283
8.00 6.894 81 8.511
continued . . .
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Table 23, Concluded.

Samples Measured Eixtraction Adjusted.
Conc. Recovery Conc.

(mg/kg) (%) (mg/kg)

2.5-Dimethylphengol

. 0016 \ 0.012 72 0.016
0.031 - 0.010 69 0:015
0063 ° 0.014 78 0.018
0.063 0.013 72 0.018
0.125 0.013 58 0.022
0,250 0.068 72 0.095
0.500 ‘().1()5 % 0.135

2/
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exact column was not known. Figures 32 through 34 compare the spiked and
adjusted analytical values, showing the percent recoveries of each compound.

As the analyucal values are all adjusted for the actual recoveries during the
extractuon and cleanup process, lhqc calculated percent recoveries are assumed to
retlect losses occurring dunng the spiking and blending grocesses. y

The recovery efficiencies for the methylated naphthalenes are directly relat
to the relative vola\lililics of the compounds. Volatlity generally decreases with
addition of methyl groups. As expected, the most volatile compounds have the
poorest recoveries because of the unavoidable loss of the compounds during the
spiking and blending processes. Thus, naphthalene has the poorest recovery, and
2,3,5-trimethylnaphthalene has the best recovery of the alkylated naphthalenes
investigated.

Dibenzothiophene is the least volatile of the compounds tested, and thus has
the best recovery. The excellent recovery for this compound also confirms the
homogeneity -of the spiking technique used in the sample preparation.

Benzothiopl.ne, as a more volatile comgound, has a slightly smaller percent

recovery. Although benzothiophene has,a higher vapour pressure than 1-

methylnaphthalene, and is therefore more volatile, it has a better extraction recovery

because of its greater affinity for the extraction solvents.

- The poorest recovery is exhibited by the 2,5-dimethylphenol. The second

level of clean-up required for this compound (which was not conducted for the
quality control samples used to determine optimum extraction recoveries) is thought

‘1o be respons@le for the low recovery. This compound is also the most difficult

"and variable to extract of the compounds analyzed. a
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Although every precaution was tahen durmyg the spihing and packaging ot
the samples, 101y pessible that some ot the losses shown tor the more volanle
compounds may have occurred at this stageand not justat the blending stage of the
analvsis Bepause the panchisty may have been exposed to lower concentrations
than mtended, the actual thieshold values reported tor these compounds,

particularhy naphthalene and 2.5 domethy iphenol, may be lower than the yvalues

repotted here
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SUMMARY AND CONCLUSOND ‘

The threshold detection values tor benzothiophene i whitetish determned
i the prehmimary tests done o compare sensory threshold evaluation
methods were 0335 and 0.800 mg/kg tor the Consistent Series Test and the

Maodified Triangle Test, regpectively These values are signiticantly difterent

-

—
at the 0.05 sigmificance level using the pared tieft The pertorinance of the

panchists was generally betier for the Consgstent 5(‘?-1\(-\\{\ bhe

Conststent Senes Test was thus deternuned 1o be the morgAcnsitive sensory

.
threshold evaluation test. Tt was also the preterred method ot threshold

determination for the investigator and panchists because ot the tewer

evaluations required

Comparison of detection thresholds at Rephication #4 only using the poared
t-test indicated no significant difference 1n threshold concentrations between
the two methods. Dhifferences between the testing methods may therefore be
eliminated through further rephcations, or with increased training of the
panelists.

The prbponion ofcorrect responses in the Modified Triangle Test that were
accurately identified as being either "tainted” or "untainted” fish increased
steadily from 38% in Replication #1 to 94% in Replication #4. This further
reinforced the need for adequate screening and training of panelists in

subsequent testing.
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On the basis of the prelimmary thieshold evaluaton tests, subsequent

threshold evaluatons were inproved with respect to the preparation ot the

samples, test procedures, panehist sereening and tramimg, and a reduced
N

pumber of samples  These improveracents resulted e a lower detectnon

threshold value for benzothyophene (0 12 mg/kg) than was determined by

the Consistent Series Method 1n the prelummary tests (0 335 mg/kg)

Panchists generally scored high on the taste recognition screenmg fesis
Salty and sweet tastes were readily recognized, while more ditticulty was
encountered with the sour and bitter tastes, possibly due to confuston in the

terms No p;mcllslx WCTC QgeusIc

Odour recognition scores showed more vanability than the taste scores,
probably because of the more subjective nature of the test. Panelist #7
scored less than 50% of the maximum score., and may qualify as marginally
anosmic for the odours tested. The most readily recognized odour was

cloves.

In the Sequential Analysis screening test, the cumulative score of most
panelists fell within the acceptance region, as defined by the assigned

specifications. The performance of all panelists exceeded the specified

rejection criteria. The pairs of samples with the largest range 1n

concentration were most frequently judged correcty.
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The panchists selected on the basis of the three screening tests extubited the
highest consistency and sensttivity of those panchists available for the

subsequent tests

Thiophene, 2 methylthiophene, toluene and mesitylene extbited relanvely
poor detectability by the panchsts in the preliminary range determination
tests. Consequently, these compounds probably de not contribute to
tuntng problems at low concentrations, and were not pursued for threshold
detecnion evaluation. The detecuon threshold values obtained tor the
remaiming compounds are summarized in Figures 23 through 31 Taim
detection thresholds Tanged from 0.09 mg/kg for benzothiophene to 122

myg/kg tor 2,6 dimethylnapfthalenc.

To confirm test results agd compare carrier solvents, the threshold

evaluations for benzothiophene were repeated at a range of concentrations:

one order of magnitude lower, and using mineral oil rather than ethanol as a
carrier solvent for the spiking compou‘r‘lii. The two determined thresholds
were (.12 and 0.09 mg/kg, suégcsting that the determined threshold values
are independent of both the range of concentrations presented and nature of

the carmer solvent.

Detection thresholds appear to be related to the vapour pressures and

molecular weights of the compounds. Other factors relating to volatility,

°

such as solubility and Henry's Law Cohstam, do not appear to affect the

organoleptic sensation created by the compounds in fish tissue. While those
' J
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compounds with a very low vapour pressure, such as 2.6
dimethylnaphthalene, 2.3.5 trimethylnaphthalene and dibenzothiophene,
may not be readily detected because they are slow o evaporate, those
compounds with a high vapour pressure, such as thiophene, 1

methylthiophene, tofuene, p xylene and mesitylene, may be equally difficult
to detect because they dissipate very rapidly. Therefore, those compounds
with intermediate vapour pressures, such as naphthalene, benzothiophene
and 2.5 dimethylphenol. are detected at the lowest concentrations. Such
compounds may also be the major causes of tanting of cooked fish anising

from otl sands wastewaters

A high detection tgreshold value was noted for p xylene. However, the
oxidized Yorm of p-xy . 2.5-dimethylphenol, exhibited a low detection
value, suggesting that the dimethylphenols may be a more important tainting
component than the xylenes. Phenols may occur in the muscle ussue as a

result of direct uptake, or by metabolic oxidation of the alkylated benzenes.

Recent literature odour threshold values in water are at least two orders of
magnitude lower than the threshold values determined in this investigation.
However, recent literature threshold values in fish tissue are from 5 to 11

times higher than those determined in this study.

The observed threshold values are generally positively correlated with the
estimated bioconcentration factors. This suggests that, although

compounds such/a/s naphthalene, benzothiophene and dimethylphenol may

)
Y
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17.

be the primary cause of’,{;nnting problems n a spill situation because of their
low detection threstiold values, compounds such as the di- and
timethylnaphthalenes, zmdb :i\i.bcnzothi(»phcnc may have long-term tainting
effects tn a case of chronic low level discharge because of their

accumulation to higher concentrations in the fish flesh.

Using a Randomized Complete Block Design two-way Analysis of Vanance
test. a significant difference (at the 0.0S significance level) was detected
among the mean threshold values of each panelist for naphthalene, 2.6-
dimethylnaphthalene and benzothiophene (Test #2).
/

In comparing the consistency of reported detection values for each
compound, panelist consistency was found to be highly vanable, with the
majority ofynclists reporting dlfferent thresholds for each replication of the
test. However, the difference between individual threshold evaluations is
usually with\in a factor of two, which is commonly accepted as the minimum

detectable difference for threshold dctcmxinationsp.

A comparison of consistency of evaluation between panelists showed that

this trait cannot necessarily be equated with sensitivity, as the most

..consistent panelist also exhibited a poor detection sensitivity. The poor

.~

performance of one panelist may be caused by reduced odour sensitivity

«

shown to result from pregnancy.
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The vanability in panelist performance emphasizes the subjective nature of
sensory testing, and the need for caution in interpreting these threshold
values as an absolute threshold for each individual.  Although more
extensive training may have increased the consistency of the panelist
evaluations, this was precluded by the number of compounds evaluated in

this stdyeand the resulting time constraints.

The analyzed concentrations for those compounds that could be completed
were adjusted for the known extraction recoveries of the analytical

procedure. These adjusted values were then compared as a percent recovery

of the original spiked concentration (Figures 32 to 34). The excellent

recovery of dibenzothiophene confirms the uniformity of the spiking

technique used in the sample preparation.

Poor analytical recoveries of a compound can be directly related to inLTCilASCS
in volatility: Losses were probably accrued during the handling of the
samples. Despite ¥igorous precauti:)ns taken in the spiking a;1d packaging
of the samples, some loss of the compounds may have occurred at this
stage, and not just at the blending stage of the analysis. Because the
panelists may have been exposed to lower concentrations than intended, the
actual threshold values reported for some volatile compounds, particularly

naphthalene and 2,5-dimethylphenol, may therefore be lower than the

values reported here.
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21 The disparity between the known, spiked concentration and the analyzed

concentration for many of the compounds- illustrates the need to apply
caution in the interpretation of fish tissue analyses, as the analytical values
- will often underestimate the concentration of a specific compound in the

tissue. This is particularly true for highly volatile and polar compounds.

P
o



6 RECOMMENDATIONS  »

Although this study produced some definitive answers on the compounds 1n
oil sands wastewaters with the potental for fish tainting, more information is
required to set treatment standards for these effluents. Suggested areas for further
rescarch are:

1. Similar detenmination of detection threshold values in fish flesh should
be done for other compounds in o1l sands wastewaters suspected of
causing fish tainting to determine the classes of compounds with the

QU
greatest potential for causing taint:

2. Exposure experiments should be conducted with the compounds
evaluated in this study to determine the relationship between exposure
concentration and the resulting tissue concentration.

3. The interaction of combinations of\}compounds should be investigated
to determine if any additive, synergistic or am:éonistic effects on
flavour impairment result.

4. Further detailed analysis of fish tissue and bile is required from fish
exposed to process waters to determine the actual uptake and
bioaccumulation of the compounds identified in this research

5.  Consideration should be given to a representative compound, such as
benzothiophene, or a representative analysis, such as HPLC bile

analysis, that could be used for routine monitoring of possible fish

tainting incidents.
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TASTE AND ODOUR PANELS TO INVESTIGATE FISH TAINTING

BACKGROUND

Three research programs are being conducted to investigate aspects of the fish tainting
potential of hydrocarbons produced by the oil sands mining and upgrading operations in
the arca of the Athabasca River north of Fort McMurray. These studies constitute the
M Sc. thesis requirements for three  students in the Environmental Group of the
Deparunent of Civil Engineering, University of Alberta. Ultimately, the results of these
studies will assist government regulatory agencies in establishing and enforcing effluent
standards for the oil sands industry.

A general objective of these programs 1s to correlate the subjective evaluation of taste
and odours in fish flesh with objective analysis methods. The subjective component of this
work requires the sensory evaluation of taste and odour levels by a trained taste pancl.

Two of the studies involve the use of single, known hydrocarbon compounds. In the
first study, known amounts of the compound will be used to “spike" dead fish flesh. A
range of concentrations will be used to determine the threshold taste and odour levels for
cach panelist. In the second study, corresponding concentrations of three of thesc
compounds will be introduced to the water used to hold live fish, and the actual uptake of
these compounds will be determined. The flesh from these fish will also be evaluated by
the panelists for taste and odour.

The third study will investigate the live fish uptake of dilutions of various process
waters and effluents resulting from the actual oil sands extraction and upgrading
operations. As the chemical components of these waters are not fully known, only odour
will be evaluated by the taste panel. -

TASTE AND ODOUR PANELS

The taste and odour panels are the most important component of these research
projects. Humans are very sensitive measuring tools, and can detect extremely low
concentrations of many chemical compounds. There is still no reliable mechanical
substitute for the human senses of taste and odour. Although advanced analytical
measuring devices can measure specific compounds, trained sensory evaluation panelists
can supply more complex information.

The importance of the panelists to the results of these studies make it necessary t0
carefully screen and train panelists prior to the actual sensory evaluations. The screening
process consists of two phases. The first phase measures both the ability of each panelist
to distinguish the four basic tastes of sweet, sour, bitter and salty, and to distinguish and
describe faruiliar odours. The second phase consists of a series of tests in which two actual
fish samples are compared, and the panelist is asked to determine which sample is more
“tainted".

Failure to "pass" the screening tests does not mean that a panelist has no sense of taste
and smell, but rather that their sensory abilities are simply less sensitive and/or less
consistent than the other panelists.
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Panelists who successfully pass the screening tests will be required to go through
training sessions to familiarize them with the testing procedure and the medium being
investigated. As three studies are involved, more than one testing procedure may be used,
and additional training sessions may be introduced prior to each study.

The sensory evaluation work will run from July, 1986 to December, 1986, baming any
unforeseen difficulties. The sessions will normally be held on Tuesday, Wednesday and

Thursday from 4:30 to 5:30 p.m. in the Sensory Testing Room, Room #2-32 in the”

Agriculture-Forestry Building. Under special circumstances, individual panehists coyd be
accommodated at alternate times, although it is preferable that this practice be kepgto a
nunimum. . ~
»
Panelists who successfully meeting the screening criteria, and who attend all sensory
evaluation sessions. will receive a remuneration of $300 at the completion of all taste pancl
work.

~.

Panelists suffering from a head cold, or any other ailment which impairs their ability 10
taste and smell, may be excused from an evaluation session, but must notity one of the
researchers in advance of their absence.

At any time throughout the screening or actual evaluation procedures, panelists should
feel free to ask the investigators any questions they may have about the testing procedures
or results. Updates on the results of the experiments will be provided periodically for the
panelists’ information.

The three investigators involved in this research can usually be contacted during the day
at 432-3441. After hours, they may be contacted at:

Cindy Jardine 452-0291;
- Wendell™oning 424-5245
Edel Dromey 435-2934
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A

PERSONAL HISTORY

Name -

Address

'lvl(‘phnm‘

Age: B Sex:

Do vou have any history of cardiac or respiratory aliments? (Yes or No)

,

It ves, please provide detatls below:

Do vou have any allergies? (Yes or No) »

4 . :
It ves, please provide details below:

Were you ever a habitual smoker of cigarettes? (Yes or No)
It ves, when, approximately, did you quit?



July 22, 1986

INSTRUCTIONS 'TO PANELISTS

An accurate evaluaton ot taste and odour of a medium requires that all extrancous taste and
odours be ehimmated or reduced as much as possible in the testing procedure. This will
become more important in the next phase of the screening process, which will involve
cvaluation of actual tainted fish samples. Its therefore requested that tor all tuture sensory

evaluation sessions vou observe that following precautions:

1. Refrain from cating or drinking (othgr than water) tor 30 nunutes prior to cach
sesston
2. Avoid the use of perfume, aftershave or scented soaps on the day of the sensory
evaluation. .
\

Thank you.
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Table B, Summary of panchst detection thresholds for naphthalene.

Panchist No. Detection Threshold (mg/kg) o

Repl #1 Repl. #2 Repl #3

1 (.500 0.500 1.000
2 0.500 (.250 0.500
3 0.125 0,250 0.500.
4 0.250 0.500 0.500
5 2.000 1.000 >2 000
6 A (0.250 1.000 0.500
7 0.500 <0.063 2.000
¥ 0.125 <0.063 0.500
9 0.250 (0.250 0.500
10 0.500 1.000 1.000
11 : 0.250 (.500 >2.000
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Table B3, Summary of panchst detection thresholds for 2,6-dimethyInaphthalenc.

Panehist No. —Dergction Threshold (mg/kg) )
Repl #1 RCP]{ #2 Repl. #3
1 >64.00 64.00 16.00
2 32.00 64.00 16 .00
3 16.00 <2.00 <2.00
4 >64.00 >64.00 16.00
5 . 32.00 64.00 32.00
6 32.00 ' - 6400 16.00
7 8.00 : 16.00 16.00
¥ 4.00 8.00 <2.00
9 16.00 >64.00 _ 8.00
10 <2.00 <2.00 <200

.1 16.00 64.00 16.00




Palvie BD O Sammay of ponchstdetecnon thioshelds ton SN

tmmethvivophthalene

Panchisg No Dotevnen Thresheld (g kg
- Repl #1 Repl #2 Repl 43
. 0 61 00 61 00
; “ 400 64 00!
3 - 200 16 00 61 00!
1 200 8O0 63 00
S 6100 L0 6.1 00
O 400 K00 o1 001
<200 <200 16 00
N 3200 16 00 <200
u S 00 % 00 16 00
1o 8 00 300 N 00
1 1200 X 00 N 00
l Notincluded moverall threshold evatuanon “"blank™ sample had notceable,

off tlavour .



Lable By Sunumany of panclistdetection thresholds tor benzothiophene (lTest #10

Panchist No ~ Detecuon Threshold tmg/hg)
Repl #1 Repl #2 , Rept #3
l 0 SO0 0 250 0 SO0
N 0 500 1 000 <0063
3 <0063 S0 0063 <) D6A
1 (O SO0 <063 0125
5 | 0 500 0125 0125
O 0 SO0 <063 0 250
! 1.000 (125 <) 063
N 1 000 0250 0128
4 (125 0128 0125
10 0.500 () 250 0125
11 1 000 <0 063 ) 0 250
~‘
. [}



Table B7 0 Summany of panchst detection thresholds tor dibenzothiophene

Panchst No

9
10

Repl #1

- Detecuon Threshold (mg/kg)

Repl #2 Repl #3
-8 00 >K 00 4 00
¥.00 >8 00 200
4 00 200 >8 00
& 00 X 00 ¥ 00
>8& 00 >%.00 800
400 800 ~¥ 00
& 00 200 B >X .00
>8.00 1 G0 >¥ 00
400 >8 00 4 00
400 1.00 1.00
1 00 200 <025




Table BY. Summary of panelist detecton thresholds tor 2.5

156

dimethylphenol

Panclist No ' o Detecuon Threshold (mgkygy
Repl. #1 Repl #2 Repl. #3
I 0.500 0.063 0.125
R ().250 0.063 0.500
; >() 500 20,016 0.500
4 0 500 >(.500 0.500
5 (.500 0.500 0.500
O 0250 0.125 ().500
7 0 500 0500 0.500
X 0125 0031 0.063
9 (.250 0.500 0.063
10 0.250 0.063 <0.016
11 ().250 0.125 0.125

<»



APPENDIX €



TABLES FOR RANDOMIZED COMPLETE BLOCK DESIGN
TWO WAY ANALYSES OF VARIANCE

~

15X

NOTE: Source "A” refers to panelists and source "B refers 1o repheatons of
the test
I NAPHTHALLENE
Two Way Anova-Block Design A: 11 Groups B: Column 12
Source DF Sum Squares. Mean Square: F-lest
A 10 25 815 2 582 3.238
B 2 4 327 2 163 2714
Error 20 15 943 797
To1tal 32 46.085
A probability: 01 < p < .025 B probability .05 < p + .10
2. 1-METHYLNAPHTHALENE
Two Way Anova-Block Design A: 11 Groups B: Column 12
Source DF: Sum Sqlares: Mean Squa‘rev F-test:
A 10 53.712 5.371 1.414
8 2 10.364 5.182 1.364
Error 20 75.97 3.798
Total 32 140.045

A probability: .10 < p < .25

B probability: p > 25

3. 2,6 DIMETHYLNAPHTHALENE

B:. Column 12

Two Way Anova-Block Design A: 11 Groups
Source DF: - Sum 'Squares: Mean Square: F-test:
A 10 24025.636 2402.564 2.576
B 2 9853.515 il 4926.758 5.28§
Error 20 18651.818 932.591°
Total 32 52530.97

?

A probability: .025 < p < .05 b

B probability: .01 < p S .025



2.3.5 TRIMETHYLNAPHTHALENE
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A probability: .025 < p < .05

Two Way Anova-Block Design A: 11 Groups B: Column 12
Source Df Sum Squares Mean Square F-lest
A 10 11051 212 1105.121 1538
B 2 2989 152 1494 576 2.08
Lrror 20 14367 515 718 376
Total 32 28407 879 |
A proBabiity 10 <« p = B probabtlity 10 < p <~ 25
S BENZOTHIOPHENE (TEST #1) '
- .
Two Way Anova-Block Design A: 11 Groups B: Column 12
Source DF Sum Squares. Mean Square F-test:
4 p
A 10 659 .066 955
y 8 2 1.068 .534 7.745
Error 20 1.379 069
Total 32 3106
A probabtlity: p > 25 B probability: 0001 < p < .005
6. BENZOTHIOPHENE (TEST #2)
Two Way Anova-Block Design A: 11 Groups B: Column 12
. Source DF: Sum Squares: Mean Squaré: F-test:
A 10 442 .044 2.64
B 2 .003 .002 .104
s Error 20 .335 .017
Total 32 .78

B probability: p > .25



8.

DIBENOZ THIOPHENE
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Two Way Anova-Block Design A: 11 Groups B: Column 12

Source DF. Sum Squares Mean Square [ test
A 10 441 46 44 146 1.083
B 2 6.743 3.371 083
Error 20 815 234 40.762
Total 32 1263 436

A probability. p > 25

p XYLENE

——tna

B probability p » 25

Two Way Anova-Block Design A: 11 Groups B: Column 12

Source DF: Sum Squares: Mean Square: F-test

A 10 2404.848 240.485 967 '
B 2 253.818 126.909 51

Error 20 4975515 248.776

Total 32 7634.182

A probability: p > .25

"2 5-DIMETHYLPHENOL

B probability: p > .25

N

Two Way Anova-Block Deslgn A: 11 Groups B: Column 12

2

Source DF: Sum Squares: Mean Square: F-test:
A 10 1.085 .109 - 2.195
B8 2 .094 — .047 949
Error 20 .989 .049
Total 32 .168

A probability: .05 < p < .10

B probability: p > .25

. ¢ 9
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Lable BN Sunnman of panclhist detecnon thiesholds tor p xvlene

Panchist No . Deecuon Threshold (mg/kg)
) Repl #1 Repl #2 Repl #3
1 53200 16,00 400
A L6 00 16.00 3200
3 3200 1600 3200
1 1200 & 00 32.00
5 X 00 4.00 1600
0 16 00 i} >32.00 200
7 1o 00 16.00 8.00
K 8.00 16.00 X 00
9 300 800 ‘ 2.00
10 4 00 16.00 4.00
1l 1600 800 ; 2.00




