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Flgure 26 Sensory evaluanon, rcplxcate #1 cumu.lauve perccnt rcsponse of exposcd
- - or fomﬁed flesh vs control at each of three concc,ntragons :
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_ Fxgure 28 Sensory evaluation, replicate #3 cumulatwc perccnt response of cxposcd
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Panehsts wese asked to assrgn a "degree of taint" on the- boxed line provrded to

.each,sample which" they choose bemg tainted, Panelrsts were. asked to record therr

“h

response to each sarnple by placmg a mark on the line at a point correSpond;ng to their

2

. percerved mtensrty of the off-flavour'in the sample These values were later converted to
5

nume’ncal scores and are presented in Table 14 Each meap intensity represents ) subset of

the ‘total number ot' observauons for that jreatment including only individuals who

~

-exhrbrted a threshold odour level below the concentratlon bemg _]Udfed bltensrtres were

N

: determmed in this manner on the presumptron that mtenslty y&lues assrgned for samples

‘whrch are below each individual's threshold detecnon leve'l are, by defmmon not detected

¥ - e
N

and they therefore represent an "incorrect" as‘sxgnment. - E . C

v ~

Mean mtensmes of fortlfred exposed and tamted flSh are supplred—m Table, 14
- \

-

" Intensities do not increase proportlonally wrth concentrauon as woﬂlébe expected insuch

acase. This may be explamcd by the "saturatlpn effect" (Wmdl'lblz er. al 1983). At hrgher ‘

concentratrons the olfactory senses may be fatxgued and farl to percerve mcreasmg
coneenrrauons. -However, 1f we do lool( at the drfference in mtensrues between exposéd

and spiked samples, we nottce an increase in the drfference wrth mcreasmg concentratrons

*

Thts observq,tron mdrcates that panelrsts were more deﬁmte in their choice of. exposed over

: forttﬂed at hrgher concentratlons This observauon may be-seen more clearly ina graphrcal

° - 3

representﬁuon of the results provrded in Figure.31.

R

4
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Tabte r4 Mun intensity scores of fortified and exposed fish; dctcrmmed from threct -‘
rcphgatc sensory evaluatlons using 11 panelists. ' : (- . )
Numberuof g . Mca_n ( ) B N
. Panelists* - Samples < Intensity Range ) U
r . . . o . i L !
17 . E 0.0l ppm . 23 © 03 E=Exposed fish flesh . ooy
s F 00lppm & ' 052, - 0-7 Fa=Fortified fish flesh,
,ﬂ ' : '. ! ) h
21" ', E 003 ppm_ . 157 0-6 ppm=parts per miljion S
Co ) o . * R S oo
11 F 003ppm . . Q83 06 ° ‘ '
oy . ! i T . . i . . , . ¢
26 L, - E 0.08 ppm o267 0-3* . Each. mean intensity represents .
‘ F 0.08.ppm 0.18 y 0-81 - A subset of the total-number of
o o S~ ¥ observations for that treatment
30 E’ 0.50 ppm ’ 4.03 Q-5 including only individuals who -
2 F 0.50 ppm 0.24 ~ 09 ~ exhibited a threshold odour level -
. ° ' - . below the concen&adon‘beéng
33 . . E‘100ppm. 082 - 09- judged D
0 F 100 ppm* - e | .
. : <® - R
* - . . T ¢
* There are a totat of 33 panelists, basedwn 11 ;;anelisls with 3 replicates. © - | % |
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evaluation: average of three replicates. ~

- Figure 31. Taste and odour
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. The results obtamcd from the sensory evaluations mdxcatc that the cxposed samplcs

‘are perceived as bemg more tainted than the fomﬁed samples. This can be seen at a glgy.‘.c
in Table 14. The panclxsts consistently chosc the exposed sample as opposed to the

fortified, indicated by the largc difference in intcnsitics between both the samples. Thus.

the splkcd approach is conservative as. a ‘measure of sensory threshold levels in real llfe

However the raw data was maIyzcd for sxgmﬁcancc of variance between cxpoécd and

fortified flesh. From the resylts of the an’alysw of variance (KNOVA) prcscnted'm Table

15, significant interactioris are clearly dcmonstratcd for the taste and odour data.
Intcractxons among conccntranons among taint methods and between concentrations and

.taint methods were sagmﬂcant at thc 1%-significance levcl

These results can be interpreted %s follows:

&

h )

-

v I

concentrauon . ' : .

(2) There was a hxghly sxgmfxcant dlfference (Ff-265 4, P<0.01) i in the selection of

taint methods, with exposed ﬂesh bemg _casﬂy favoured over fortified at-all

N

concentration levels. , -

(3) There was a signific'ant interaction (F=29.8, ¥< “01)\between the selection of

. exposed or fortified flesh and the concentration being predented. The /ffcquoncics '

" of selections favouring exposed flesh increased with increasing concentration. «

.
}

In' Table 16 an analysis of variance is computed using all perceived intensities,

(1) 'A significant difference (F=17.9, P<0.01) existed betwéen conccntrat{on' levels.

and the associated intensity value. The'imtensity scores increased with increasing

including those below the threshold levels. The results are virtually the same'as those
. a : N
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obtained using he perceived intensities above the threshold levels only . The intensity *

* valpes assigned;to the samples by the panelists are provided in Table 17, including those !

. values assigned above the threshold levels only.

4
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Table 15. Analysis of Variance 1: computed perceived intensities aQove threshold levels

. only. , D
N Al . A2 A3 A4 As TOTALS
001 003 008 05 % 10 .

e Txe76 Ix=52 °  Txe88 Tx=133 Lx=225 IB1~574
(Exp.) Ix%412  Sx2.222 Tx2376 Tx2a675 . Tx2a1657 B 243342
Bl u=230 "~ ua157 ' pus2.67 n=4.03. p=6.82 uB=3.48

© Yxal7 Tx=27 Tx=6 Txa8 Tx=0 IB2.58
(Fort) 3x2.69 ~ TxZ=109 Tx2a14 Tx2a34 3220 TBy2-226
B2 . u=052  ma082 H=Q.18 n=024 =0 uB2=0.35
CTA1=93 TA3-79 TA3=04 TAs=141 TA4=22S Txtor=632
TOTALS ZA2-481 TA3Za331 - TA322390  TA2a700 TAL2«1657 Txio2=3568
Llw(-l.92

HA=141 HA2=1.20 HA3=1.42 MAy=2.13 HAg=3 .41

SSior = Txior? - ():Ax@oZ/NmL - 3568-(682)%/33023568-1210.37

SSbg = Z[(Zxg)*/Ngl - (Zxion)¥Nioy = 8.76+22.141.09+1.93+
+175.03+81.94+234.7+536.0+1534-1210.37

SSconc. = (&Ai)z/NAl + (ZXA2)2/NA2 +(ZXA3-)2/NA3 + (JEXM):/NM . (ZxAj)z/NAS
(Zxi00%/Niot = 131.04+94.56+133.88+301:23+767.04-1210.37

]

=21.37

Y
SSuint. = (2xB1)2/Np1 + (£xB2)%/Np -(Zxio)?/Niot = 1996.82+20.39-1210.37
. v .
=806.83

SSAB = 33((0.4489)+(1.4161)+ (0.0961)+(0.1156)+(3.4225)+(0.4624)+(1.4161)
' +(0.1089)+ (0.1024)+(3.3856)

=J62.16

SSwg = Z[Exg? - (Txg)¥/Ng] = 60.24+86.9+12.91+32.07+236.97+140.06+141.3
+139.0+123.0



<
e N r '
) ANQiAL_Summnu_mblc for taste-test
Source df SS MS F ‘P
Aconc' 4 21737 .. 5434 17.88 <01
 Buaine. 1 - 806,83 806.83 265.40 <0l -
AXB 4 36 - 90.54 . 29.78 <0l
Within groups 320 977 3.04 BN
Total 329 2357.63 . ¥

Conclusions of Summary table:

(1) Panelists detected differences in taint between concenuadons‘(incréasing).
(2) Panelists detected a taint difference between exposed and fortified flesh. N
(3) Panelists detected a greater taint in‘'exposed vs spiked in all.cases.

" Assuming consistant variabfity-between replicates and judges.
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Table }6. Analysis of Variance 2: compute cived intensities, including those
bejow the threshold levels. , -
Y A2 A3 Al TOTALS
001 - 003 ,0.08 Q.5 L
N Ixa104  Exa7d * T Exa97 Txa]37 1B-637
(Exp.) = Ix2=540  YxZ-314 124408 Tx2.691 TB2.3607
Bl _u=315 =224 u=294 . ued s uB =18,
: Tx«23. ¥x-30 Tx=l TxaB IBy.68
(Fort.) %x2a87 Txl=118 IxalS. Ix3.34 1B;2.284
—B2 =070  n=009] =021 =024  pe MB2e0.41 .
o T OIAIRI2T TA2-I4 T TAIN4 A4S TA=RS[  Ixi=70S
TOTALS ZA|2=627  TAp?~432 TA32-420 (TA2-725  $Ag2-| Txio2=3861
T OHA=192  pA=138  -pA3el.S8 HA4=2.20 © pAgeddl =214
SSiot = Zxior? - (Zxio)YNior = 3861-(708)2/330 = 3861-1506.14. )
. : / ,h
SShg = Z[(Ixg)2/Ng] - (z(mﬂ/Nm, = 327.8+165.9+285.1+586:6+1534.1+ 1608 + -
+273+1.48+1.94+0-1506.14 . '
=1422.1
SSconc. = (ExaD¥Naj + (ZxA2)%/Na2 | (ExpA3)2/Na3 o ():‘A.z)z/f‘}m A(Txa5)¥N4s
(Zxi00) N1y = 244.38+163.88+ 318 56+767.04-1506.14
: ' g

SSuin. = (2xB1)*/NB + (2xB2)%/Np2 -(Ex100)*/Nioy = 2459.21428.02-1506.14
’gal l s . : : -
SSAB = 33[(0.24)+(1.12)+ (0.13)+(0.05)+(2.86)«(0.26)+(1.12)
+(0.13)+ (0.05)+(2.83) .
=290.1

' SSwg = Z[Exg?- (Txg)?/Ngl =21224148.1+119.94122.4+122.9+71+90.7.
+13.5+432.06 .



B

Wmelc for tastc-test T .
Source SS MS . F_ P
' Acone. 4 1516 379 . 1307 <01
. Bajn; - L 7. 98L1 ®981.1 ~ 33831 - <01
i AXB 4 © 2901 725 250 <01
' * Within groups 3ZQ : 9}2.8 Lol 2 90 o o
# ol . 329 - wss6 -

C‘onc‘:lusions‘of Summary table: As in Table 15.

- (1) Panelists detected dxfferences in taint between concenlranons (mcreasmg)’;

- (2) Panelists detected a taint difference between exposed and fortified flesh.
(3) Panehsts dctected a greatcr taint in €xposed vs spiked in all cases '

Assummg consnstant vanabxhty bctween rephcates and panelists. ~
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. Table 17. Intensity values assignéd to samples including percieved intex)g‘ifties above the

threshold levels only. - -

/
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. \ "' §. Discussion

5.1 Methodology:

P

/)

The srmulatlon of environmental exposure is perhaps the most dlfﬁcult parameter to .

mcorporate in laboratory tests.” However, the use of this pamcular laboratory study, as B

opposed to a fleld‘ study; has several rnherent advantageS' both genetrcally and

v \ < \ ' -
’ physiologically-homogenousmaterial may be chosen' the physrologlcal condmon of

ammals before exposures can be controlled in respect to their nutritional and thermal” =

N
hrstory, the exact tlme and duratlon of the exposure may be known and the cherrucal.

be closely monitored. C _ o T

i C mplete sample homogemzatron 1s essentral when accurately quantltatmgg'

- xenoblotxcs \n brologrcal sarnples, especrally flsh where the fat is heterogenously o

dlstnbuted Benyllle and dele (197Q) found the dry i xce procedure kept the frozen tlssue :
brittle and vulnerable to fragmentauon In this study the dry- lce procedure was, found to be'v

effective and efﬁcrent, yreldmg an homogenous sample in the minimum of t1me

] ‘Ag R
) ) »

Solvent extraction was a necessary step. in the recovery of the contammant from the

,' fish tssue. It was found that 280 mL of solvent (methylene chlonde) was needed to extract
L]

a. 20 g sample of fish, rmxed with 80 g of anhydrous sodrum sulphate ‘A minimum of4 h™

§ soxhlet extractxon was requtred to achleve >90% recovery Les‘s tmie than thrs yrelded L

poor recovery In this particular study, a minimum of sh soxhlet extractmn was observed -

3

’» N

"Stallin'g-ez al. (1972) rcvported greater than 95% recovery using gel 'Pﬁ?fmﬁation S
- chromatography. . 'Recovery -of behzbthiophene was 97 +/- 2% and thaf of

.//?‘ . . ) © . - r;J

.’." S S
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dibenzOtthphene wag 95 +/- 2%. Rambow trout have a hrgh hpxd content (7 10%) and as
\ such are dlfﬁcult to clean However gel permeatton chromatography was found to
}effectrvely remové the lipid content of the trssue extract. G.P. C is umque m that

separanons are based prtmanly on dxfferences in molecular size and since molecular welght

of most lipids are between 600 and 1500 and those of benzothrophene and
Y]

99

'. dlbenzotluophene are ‘between 130 and 200, G. P.C.can effectlvely scparate the hpldS from .

the xenobiotics.

Y

Stalling et al. (1972) found bxo beads to be superror to Sephadex in gel

: chromatography Since clean-up of the fish extract was essentxal in our amalysis, bro-beads

SX3. were chosen in preference to Sephadex Addttronal clean-up wrth florisil is

recommended for samples in which whole body PAH resrdlxes are less than 0 1 pg/g

: (Stalhng et al., 1972) and since we were unsure as to the quantity of xenoblotrcs in the fish

tissue, flons1l cleanup was chosen as an added precaution.’ Thexesults demonstrate t,hat r

o c . . A . . ¢
whole body concefgrations greatly exceeded this value, however.
. 4 . . . - A‘. ' - . P .

e
A4 .

L

52 Accumulation Studies: - , + Ly '.

Theré are at le \;t two paths by which frsh can take up hydrocarbon (Lee et .al, 1972
vand 1976; Varanasr et. al, 1979 Roubal et. al; 1977 and Sanbom and Malins, 1977) The

 first path is wrth the food where hydrocarbon entrance 1s via the gut. The second path is

dealt thh in thrs report namely, uptake of hydrocarbon dissolved m the water, where 5.

’ ‘-'entrancc is through the grlls Varams,pet al. (1978) reported a thtrd path of uptake the skm

v v.-and demonstrated that the skm of rambow trout is actively 1nvolved n the. uptake and

'dtscharge of hydrocarbons In general however, the lrterature suggests that the gills are’

thepnmaryrouteofupt.akc | \_~

. i
) .
. N ’ 4 . N hd . o
-~ . . el - S . ~
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| Lee, et al (1972) suggest that the grlls have a micellar layer whxch adsorbs the
| hydrocarbons and thcn passes therft on to other nssues S.tem eral. (1984) concur w@r the
theory that the grlls are a srgmftcant non-dietary route of uptake of hydrocarbons but
'suggest that they are nft a major route of excretion, McKun and Heath (1983) have shown
~ that 76% of a hydrocarbon in inspired water is adso‘;bed in one pass, by the gills of two

O .
trout species and that neghglble amounts are excr’eted vra the gtlls ~ : | )

1 V”‘)

Oncenbsorbed through the gtlls the hydrocarbons are then drstnbuted into the .
N

bl‘ood system and traﬁsported via the arterigl system to the tissues and organs throughout

' »the body Most ltterature reports that the hydrocarbons then burld up in the liver, where :

<)1~

etabohsm first occurs (I:ee, eral., 1972, Varanasr and Gmur 1980 & 1981 Stein ez al
1984 and Thomas and Rlce 1982) . In studres wrth naphthalene it has been shown that e .
the majonty of this compound taken up by the frsh is metabolized in the liver and excreted |
mto the brle There appears to_have been no such studles ‘with benzothrophene oapd
cﬂberfzothrophene In the absence of any other 1nformatxon the documented route for the
< hydrogarbqns should be consrdered possrble routes for the two PASH compounds. -

v P
. . v .
\

The rapid»‘ upta.ke bf. benzothiophene and dibeniothiophene by rainbow trout was
similar to results obtained using'naphthalene and phenanthrene as hydrocarbons of interest

_ (Eastmond et al; 1984) Both PASH were readily taken up and bloaccumulated in the

- muscle and ltver of rainbow trout. - As compared to dlbenzothrophene, benzothrophene was

" taken up more raprdly, accumulated to hrgher levels i all tissues studxed stored in the hver

to a much greater extent as parent compound and was ehmmated more raprdly from rhuscle

and lxver tissue. *

2

v - B

There was no accumulauon of dibenzothiophene in the bile studled. Absence from

“the btle might mdrcate raptd metayae-hsm by the mrxed functron oxidase (MFO) enzyme

<



.‘.

system, as indicated by Stegeman (1981). However, there was no emdence of conjugated
or non- conlugated metabohtes 1n the bile studred In the case hf benzothrophene the liver
“was found to have the highest concentratron ) whereas muscle exh‘blts ‘the hrghest

concentration in the case of drbenzothlophene

. »

5.3 Elimination studies: | C S

a

-
~

101

'l:here are two routes of excretxon presented in the literature; renal and brlary, with .

" bile appearmg to be the major route. Prevrous studies (Varanam etal, 19824 & l982b')‘ .

V have mdlcated that both parent compound and metabohtes are deposrted in the bile j ]urces
In the case of benzothrophene (no depuration)- parent compound was found in the bnle
" juices, but, there was n‘o ev1dence of parent compound in bllﬁ’%f fish exposed to

‘ dlbenzothlophene. ' ‘. .
. / ' . ’ , ) - . . . v

\ . . S - v

Cravedi and Tulliez (1982), suggested that starvation has an adverse e'f-fect"on

rainbow trout for depuration of hydrocarbons. They noticed that the rate of. mobilization of

stored hydrocarbons by animals fed an nergy-reSMCted diqt was less than lthat of those.

recervmg control diet. They concluded that in aquegm organlsms mobﬂxzatron of forexgn

" compounds occurred very slowly, espe 1ally dunng s_gﬁvahoh "I’lusrmg'ﬁt beé partly due to

a slow lipid uuhzanon resultmg'from low. metabollc rate dhnng starvatron Because of

‘these observanons», f1sh used in dep ration studies m this expenment were fed for the
duration. Alth’ou‘gh'the fish were relfictant to eat the food in the first 8 h of bemg in clean

water, they commenced eating soo théreafter.k All gall bladders -expirated for analysis

The reason why benzot 1ophene is ehmmated from the trssues to a much greater

extent than drbenzothrqphene s unclear Possrbly as Lee, et al. (1972) suggested in the
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case of bc_nzlo(a)pyrene, dihenzqthiophene causes'a cl'im‘inution‘of.the metabolic rite, so
that less hydrocarbon 1s ‘processed__and eliminated. This may also explain why \le‘ss.'
dibcnzothiophene is taken up by the fish as comparcd-t"o benzothiophene.' When eval'uating
thc persrstcnce of chemrcals in fish, we are instricted by Lech and Bend (1980) to consrder} |
that multiple mechamsms of elimination may exrst and while metabolism is 1mportant forv
certam compounds, alternate mechamsms may predomrnate for others. In studies with:
rainbow trout they folmd that certain hydrocarbons are metabolized very little, if at aIl but'
can be elmunated gradually over a period of trme through the egg mass in the case of the';
femqale and the sperm in. the case of the male. It vmay be expected therefore, that-such

- altemawsms are 1mportant for compounds that are metabolrzed slowly in vivo.

‘.

Such may be the situation wrth drbenzothrophene. _

Drbenzothrophene is more persrstent than’ benzothrophene, clearly mdrcated by the
: hlgh levels remaining 1n the liver’ after depuratron Benzothrophene on the othér hand
decreased by as much -as ten fold i in depurated lrvers _Obviously the fish have less trouble

‘ elrrmnatmg benzothrophene from the tissues, than they do dlbenzothrophene

5.4 Metabolisin Studies:

- . .’

.Q

~/Vertebrates, including ﬁsh are able to metaboliie variou's types of hydrocarbons as
outlmed\b{ Dramond and Clark (1970); Clark and Diamond (1971) Lee et al. (1972)
Varanasi and Gmur (1981); Varanasr et al (1982b) Krahn and Malins (1982) and Krahn

N
etal., (1984) There are numerous papers reporting the metabohsm of hydrocarbons such

as naphthalene , however, there ﬁave been no reports on the metabolism sulphur

N

hydrocarbons such as benzothrophene and drbenzothrophene

ey ~\

”~,
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"Polycyclic 'aromatic hydrocarl;ons are metabolized in the liver by a small number of -~

lreactrpns medtated by enzymes (Kappqs and Alvares, 1975) ‘oxidations, reductions,
hyrolysrs and con]ugattons It is known that the introduction into frsh of hprd soluble

. hydrocarbon causes actxvauon of these vanous enzyme systems (Lee et al l972 Slms

'1967) Thelr essenbal effect i rs to convert lipophidic compounds like benzothtophene and -

‘dtbenzothlophene into hydrophlhc ones. These hydrophthc compounds are more easily-

1

. .

ren\oved from the blood by the kldneys and excreted.

Imtlal steps in the bioconyersion of aromatac hydrocarbons take place in the
endoplasrmc retrculum of the cell The enzymes aryl hydrocarbon hydroxylases (AHH)
operate,,m unison with the electron transport'system of the cell (i.e. via cytochrome P-450)

(Roubal et al l978 Malms, et al., 1979, Krahn et al. , 1981). Oxygen from the electron

transport system combmes with the aromattc nucleus to fqrm an epoxtde which 1s

&4

' subsequently convertcd to compounds such as mono- and d1hydnc alcoholﬂ(L;ch 1974)

-

]
¥

Conjugation is often a second step that comes after metabolism by oxidation, .

-reduction or hydrolysis. .Conj‘ugati_onsl with natural constituents like gk:lcuronic acid occurs
“in the presence of*the, appropriate enzyme Conjugattng enzymes such as glutathtone S
epoxlde mediate the addmonal secondary conversions to conjugate derivatives, Wthh
increase the hydrophrhc nature of the initial -oxidation products. These conjugated
derivatives lnclude'merc‘aptur’ic acids, glucuronides, sulphates and glycosides. In my

resea;ch, the enzyme glucuronidase was*provided to remove a possible conjugation product
; T A _

- such as glucuronide acid and thus identify the remaining-compound, an alcohol, more

easily. ' . - S " "
. " Q “ A N . ]

2
’

' &}ruger’, etal. (1977) has previously shown that the AHH of certain salmonids are _

induced by exposure of the fish to aromatic hydrocarbons, so ‘it is possible that.both
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benzothlophéne andlc‘libcnzothiophene induce AHH activity in rainbow .trout The
comparatxvely small’ amount of benzothrophen; found m the Jlrver of depurated fish
mdrcates that tl;te chemxcal was mobilized in some manner. Although no metabolites were
found, it is suspected that benzothiophene waS'mdeed_ converted to metabolites. * A
graphical repi‘esentation of one possible pathway for'the metabolism of be'nzo'thiophenc is
.lllustrated in Figure 21 _In thrs scheme, the benzothxophene is convertqd rmually to t_l{e )
epoxrde via the cytochrome P 450 and convened to ‘the monohydnc alcohol followed by -
an addmonal reaction of the compound glucuromc acrd is 1ncorporated intq the molecule
' As such the metabolite can be more easrly drscharged rhrbugh normal renal routes
However, as explained earlier, when the bile extract was enzymatlcally hydrolyzed with |
;glucuromdase solutron1 the expected product was not found (r €. an alcohol) We lcnow\/

- that th se suspected metabolites are not glucuromdes ‘we also kno t they are not

' phenols s acetylation of the phenolrc compound would have yrel acompound easy to -

1dent1fy wrth the G.C.

”Dibenzotlriophene, being more compl‘ex,' is not readily elintinated; in fact,v it
accumulattes'in the liver. It has been demonstrated by Varanasi, er al. (1982a) that'the
major rout_e ofrertcretion of high molecular weight PAH'&is via bile in fish. Howet'er, in
the present study with dibe'nzothiophene, neither parent co‘rr_fpound nor rnetabolftes
| (conjug‘atedﬂor nOn-conjugated) were found in the bile and lthe concentration of
dib_enzothiophene in the liver did not. greatly decrease following depuration. This would
seem to indicate“tltat the ﬁsn have more difficulty mobilizing dibenzothiophene than they do
benzothiophene. This does not autornatically lead to 'the conclusion that rainbow trout
cannot metabolize drbenzothrophene Rather, that it is more persistent. It is p0581ble that
there were unidentified. metabolites present in the bile. As was the ~case wrth |

" benzothiophene, we are assured that these possible metabolites are not glucuronides.

A
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5.6 PASH as' petroleum markers: /

»‘ “\; g tudxed would appear t:gb;?re fmtable asa pe&oleup»‘irker The
1B v

but havaudlfflculty in its moblhzatlon and

Prevxously, researchets have attemptcd to select compounds contamed in crude oil
as a marker of oil pollution in fish (Ogata 'and Miyake, 1973, 1978, Ogata and Ogura,
1976 Krahn et al, {1984 and Onkan and Kunnamo-OQjala, 1987) but no spccnflc

licompdunds were chosen Ogata and Mlyake (1973) suggested that aromatic sulphur
| compounds be chosen Although; dEenzothlophene is recommended as a pctroleum

marker in this pamcular study, prev1ous studies (Oikari and Kunnamo OJala, 1987; Krahn

105

et al 1984 and Krahn and Malins, 1982) have concluded that metabolites of aromauc :

hydrocarbons,- as opposed to the parent compound, are sensitive and quanutatlve tools for

assessing aquatic contamination. . ‘ ’ o

Krahn et al. (1984)° suggest that the existence of AHH (aql hydrocarbon
.hy‘droxylase) activity in-fish may prov1de a convement means of_assessing prevnous
exposure to petrole\xn or other. products’ contammg PAHS. However not all aromatic

V]
hydrocarbons are metabohzed in the fish and it is possxble that the smphur hydrocarbon

dibenzothiophene is a sumlar case. Further research is requ1red to ascertain if tlus theory is . -

. . 1] “‘ .
indeed correct. Furthermore, for a better understanding/8f how the bile patterns of

cbnju gated and non-conjugated metabolites reflect the water qualit);, more should be known

-



about bile formation kinetié
ambient concentrations of xenobiotics in the water. : : CoA

- E
a—

577 ainting potential of benzothiophene:

»
eavy pollution and offensive odours may be found.in water near petrpleum.
industrial districts and ofl spillage. Baldwin et al. (1970) and Ogaia and Miynkc (1973)
identified toluene as a possible main cuusc of the odour. In this study, benzothiophene was _
‘identified as an objectionable odour souroc Panelists could detect the compound at«
concentrations as low as 0.01 mg/kg. From prcvxous studies (Ogata and Miyake, 1973) it .
was concluded that substances imparting an offensnvc odour to fish have the ability to ‘
infiltrate the ﬁsh Benzoth&ophenc, in this study, certamly meets these two cntena It has
been shown in this experiment, that the compound rapxdly cntcrs the fish and docs indeed

3
1mpart an offensive odour.

This appears to be the only re.search of its kind, to date, which involved exposi‘ng
fish to a known quantity of benzothiophene and pe;forming a sensory analysis on the
resulting flesh. Concentrations were 5Iways determined by GC prior to sensory-

.-ovaluation:, S ‘
The threshold odour coricentration (T.O.C.{)\ for benzomcne was det’er{nined to

be 0.01 mg/kg or less, as this was tne Towest 'concentration?\iailable to the.panelists. i

Persson (1984) defined estimated threshold concentration (]%,.T.C.) as. the waost
~ concentration of the compo'und»in water that \would lead ;o impairment of the fish flavour.
(Tho T.O.C. is thd‘t concentration detectaz@ecognizabl\?in fish by a group of observer§.

. T.0.C.'s of compounds in the Tlesh of Ngh are rarely reponcd and even leso (i any) are



[
reported for fish actually exposed to a specific compound and #nalysed by a panel of

trained judges, as was the case in this experiment.
\

In practical situations, it may be important to know whether the flavour of fish will
be impaired at water concentrations lower ;han those detectable by the human olfactory
system, i.e. whether E.T.C. is- less thzlm T.O:C.. Benzothiophene could fall into-this
category, as this cdmpdund is readily accumufated from low concentrations in the water.
Theorcti.cally, it is' poss‘ijblc, even pfobab}e, given the bioconcentration factors supplied in
my ‘research, that the water cohcéntration couid fail to impart an offensive odour, but an

exposed fish could bioconcentrate the compound.and exhibit an obnoxious odour. An

107

important observation from this information, is that the aroma of the water is an inadequate -

[
indicator of the fish living in it.

§

e

Panelists were asked tc'>‘choose the most tainted sample from a pair of samples: one
exposed to benzothiophene, the other fortified with benzothiophene. Bbth samples had
similar concentrations of benzéthiophene. In each of three replicates, panelists consisfc’ﬁtly
chose the exposed flesh over the fortified flesh. This is somewhat bafﬂin‘g, considering the
concentrations aré so similar. One possibie explanation is that during uptake of the

compound, fish partially convert benzothiophene to some more obnoxious metabolite,

whereas in the fortiﬁeq sample, there is no manner in which this could occur. However, .

although metabdlism of benzothiophene is suspected, no evidence was found to support

this suspicion. Another possible explanation is that the exposed sample is more

‘homogenous’that the fortified, given that it was distributed to the muscle via the numerous

arteries and arterioles, whereas with the fortified sample, the chemical was mixed in with
¢ : N f
the aid of a blender.
-

1 4
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The latter explanation is somewhat dubious, d§ the sensory results would seem to

indicate that the panelists were consistent in not seleeting the fortified fish as being more
tainted, Whereas a non-homogenous sample shbould lead to ingohsistcncy rather than
consistency. A third possibility may be thaP'sP additiye or synergistic effects. Mann
(1982) and Westman and Hof?(1963,'-cited in Persseﬁ, 1984) found that the presence of
other'compounds in the water greatly influenced the intensity of off-flavours produced by
s'pcch:ific compounds. The \'ish were exposed in dechlorinated tap water, with residual
organics removed by an activatea ‘carbon column. Theréfore, although the "syneggistic

effect” is interesting, it is unlikely in this instance.

3.8 Panelists

There were three parielists who had difficulty in identifying the tainted samples.
They randomLy choose the control sample over the tainted sample. The extent to which
these three panehsts were inconsistent is graphxcaﬂ’ demonstrated in Figures 29 and 30.
’ Although these three panchsts did not particularly alter the overall sensory rcsults, they o
ir}cmase the geometric groub mea_n‘thrcshold. Ineluding these three judges, &l‘fe group me
is 0.04 mg/kg, however, when these three judges are left out of the calc'ulation,. the group
mean is 0.02 mg/kg.

Because of these differences the results are  presented in both cases; using ohl; the
exght consxstent Judges and conversely, using all eleven Judges Because one of the criteria
in selecting the judges was that they be consistent in their choxcc of sample the geometric
mean values excludmg the outlyers are most useful. The data show that these particular

\
\

judges were far from consistent in their choices.
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6. Summary and conclusions \

A scr'ics of exposure/depuration experiments with rainbow trout were performed,
using benzothiophene and dibcnzothicxphcnc; as compounds of interest. The results
demonstrate that these polycyclic aromatic sulphur heterocycles (PASH) are readily
bioconcentrated from waterborne concentrations. Bioconcentration factors (BCF) were
determined and' ranged from 10 to 506. Benzothiophcné is acc.umula'tcd more rapidly than
dibcnzothiophénc in all tissues studicd, with the greatest concentratigns being found in the
liver.

.

Following 65h depuration, concentrations of both chemicals were substantially
reduced in all tissues examined. Héwcver, dibenzothiophene appeared to be mc;rc
persistent than benzothiophene, with concentrations ten times those of benzothiophene
present in tbe\Qs&h following depuration. This indicates the fish had more difficulty
mobilizing dibenzothiophene.

There was no evidence of metabolism with either of the bhcmicals examined,
howéver, this does not necessarily mean \that there were no rﬁctabolitcé. The methods of .
analysis‘employed were those commonly used for PAH. Analytical techniques for the

identification of sulphur heterocycles have not been fully researched; further studies in this

area are required before conclusive results about metabolism can be obtained.

In order to idcrﬁify substances imparting an offcnsi\'/‘c odour to fish, trout were
exposed to varying concentrationsvof benzothiophene (0.01 to 1.0 mg/L) and compared for
taint with similar concentrations of fortified flesh. The chemical v;'as found to impart an
offensive odour to fish flesh, even at concentrations as low as‘0.0l mg/kg. The threshold

3
u

L : -
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Lo However, results 1nd1cate that thls is not the case. Alternatrvely, the expos%d ﬂsh may have\

«"z

' _occurred in the fortified ﬂesh

B T | ! ‘.

odour level was determmed to be O 01 mg/kg but smce thxs was the lowest concentratxon

. npresented to the panehsts it may be assumed that thé actual threshold level is'less than thlS

Al

tamted than foruﬂed ﬂesh The ex.posed ﬂesh was eaStly favoured over the ﬁomﬁed ﬂesh

at all concentratxon lcvels examtned Consxdenng both samples had smular concentrauons

(conﬁrmed by GC F[D) there are some p0551ble explanauons for thlS observauon The

exposedﬁﬂesh ‘may have been more homogenous -ds the chemtgal was dtstrxbuted via

.

.numerous artertes and artertoles whereas it- was manual qu added to forttfted ﬂesh

af'.

Although the latter explanatxon is favoured there was no evxdence of metabolism in

b

the exposed ﬂesh “As mentroned earlter; thls may be the fault of the analyttcal techmques'

o employeds rather than the inability of the'flsh to metabolize the chemical.

Stattsueal analysxs of the data mdxcate that exposed ﬂesh is srgmﬂcantly more’

" converted benzothxophene to some more obnoxlous metabolxte, whereas this could not have

1100
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7. Recomméndations

?11 tainting of aquatlc orgamsms has been a concem for numerous years.
Unfortunately the lack of sufficieht analytical techmques for 1dent1fy1ng and: quanufymg the

[
: compounds has lead to conunumg.confusmn about this toprc. Procedures for sensory
B - - e ‘ - o

evaluatio'n are varied and ambiguous. Threshold odour levels of a'few -relevant

’ contammants have. been reported, however, the methods of deterrmmng them have been
N v
d1fﬁcult to reconcﬂe with modern analyucal techmques

‘High sem=tivit. of the olfactory system to‘sulphur.containing compou'hds has ‘been
reported in the lieramre, yet there have been few studres reported on PASH and thcrr
abrhty to taint fish flesh. The techmques reported for PASH analysxs are sad[y lackmg -

with no,studues reported on the metabollsm of such compounds . s

In order to properly address the problem of 011 taintin g, certain deflcrencxe&.{nust be

“correcied: - E
,

“* Further research is required on elimination and metabolism of petroleum
com'ponents. I"n. order }6 properly assess the oil tainting problem a basic .
understanding of the biodegradation and elimination of the components is.

necessary. o | ¢ - ‘

SR | . * There is a-need to determing .Wbat level‘s'of exposure to the major

compound cvla,sses are necessary to eauSe tainting over short and long-term

.exposure periads, - S S

R S 3| BN
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Sensory rejease and waiver form .
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RELEASE AND WAIVER .

\

THIS AGREEzENT made the " day of . 1986.

‘ i S
BETWEEN : , !

THE UNIVERSITY OF ALBERTA,
thereinafter called "the
University") and CINDY JARDINE,
- EDEL -DROMEY,WENDELL KONING, all
f the City of Edmonton, in the
rovince of Alberta, (herein-
after called "the Investlgators"),

OF THE FIRST PART,

- and -

of the City of Edmonton, in
the Provihce of Alberta,
" (hereinafter referred to as
RIS "the Subject"), . o
[ . . . K o

. . . - OF THE SECOND PART,*

Y

WHEREAS the Subjecc has agreed to part1c1pate ln ‘an experl-
ment whereby the subject -will be '‘making odour and/or taste

. evaluations on fish tainted by hydrocart-n’ compounds,
: : ™~

AND WHEREAS the Subject adknowledges that Eh.

have informed the Subject of the nature and conditions of said

-eXperiment:



- 2 -

NOW THEREFbRE'this Agreement witn&sséth that ;n pursuance
of the said Agreement, and in consideration of the sum of ONE
DOLLAR ($1.00) and other good and valuable éﬁnsiaeratLOn, tﬁb
receipt of which is hereby acknleedge?, the Subject,.hié/her
heirs, executofs, administ;gtorslénd asﬁigns, do hereby remise '
releese, acquit and forever dischargeé, to<thg extent permitcegk

-
by law, the University, its staff associated with said experiment,

.

and the Inves;igatpps,>their and each of their respective heirs,

: i : ' ~
executors, administrators, successors and assigns of and from
all manner of action or actions) cause or causes of actiop,
. . <

suits, dues, sums of money, claims, demands or damages‘thCSoevur)

LI

law or in equity, whch the Subject has had or now has, or

»,

verwise hereafter can, shall or may have, for or by reason

. Al -
of.all KNO?Kland UNKNOWN injury, loss or damage which has resulted

or may result to the Suhject from or in respect.of or arising
out of any matter or thing whatsoever existing up to the present
- time, and, more partitularly, from or in respect of or arising

out’ of said experiment. )

AND the Subject, for the cénsxdéfat}oh aforesaid. hereby
covenants. and agrees to notify the Inv65€iéacors and/or. the
University of any reactions, allergic or'othe:wxse, whxeh the”
Subject may experience during _or following said experiment.

- \: . | t

AND the Sub)egt, for the: consideration aforés&xd hereby

édyenaﬁts and agrees not to make any claim or to take any pro-

ceedings on account of any injury, lcss or damage against any



person, firm, or corporation who may claim contribution or

.
~— w

indemnity from the University or the Investigators.

IT IS A TERM of this Release that the payment of the
said money and the passing of the said consideration as afore-
¢ :
said is not and is not to bé ‘deemed in any way to be an

admission of liability on the part of any of the parties hereto.
. . . .

IN WITNESS WHEREOF I have herecunto set my hand and seal

this ‘ day of : , 11986,

SIGNED,SEALED AND DELIVERED

)

: )

*in the presence of c)
)

y

-



APPENDIX 2

Sensory screening test forms



SCORING OF FISH TAINTING -

NAME___ ‘ DATE

i}

-

Alter evaluating the Tirst pair of 'samples in the screening test, score the
taint of the most tainted sample on the table below. F irst, record the three-
digit code of the most tainted sample, then evaluate the degree of taint of
this sample by ticking under the most appropriate category (see "Example”
below). Repeat this procedure for each subsequent pair of samples.

\

Pair No.  Tainted Somple = _ Degree of Taint ’
trace . slight moderate pronounced extreme
taint taint - taint “taint - taint

Example. o123 " ' v




SCREENING ;[EST FQR’;TASTE

L

‘

NAME_- . DATE

'Elght 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 Descriptjon” if the sample
Is tasteless, or has a sweet, salty, sour or bitter taste. -

Sample Code Number Taste Description

Q




o Kl ' C 132
SCREENING TEST FOR ODOUR | |

NAME, ~ DATE.__-
. . . 1 )

\

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

Sniff each sampie éeparately and in the order indicated, Fil'n_se your mouth
- with the water provided and take a bite of cracker.after smelling each
sample. Wait approximately 1S seconds between samples. - -Record your

description of each sample under "Odour D/esinjmon". ; :

Sample Code Number Odour  Description
45/
__71322

7.7

Ida b o ' . v . LN
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