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Management Perspective 

The ‘Yamaska River has had poor water quality for many years. In 1985, an intensive 
study of the occurrence, persistence, fate and effects of industrial chemicals and pesticides in 
the basin was initiated. Part of this study was an investigation of the occurrence of these 
compounds in bottom‘-feeding fish. Fish from the Yamaska River and its major tributary, the 
Noire River, were analyzed for residues of organochlorine pesticides and PCB congeners in 
liver, spleen, gonad, kidney, gall bladder, visceral fat and dorsal muscle. Significant quantities 
of target chemicals were found in the basic -extracts as well as the acidic extracts of these. fish 
tissues, suggesting that acidic digestion followed by saponification and ex_tract_ion with an organic 
solvent» may provide a more complete recovery of organic contaminants residues from biological 
tissues than conventional techniques. Residues were highest and least variable in fat, therefore 
this tissue was used to compare pattems of contamination between sites. Fish from the Noire 
River contained 6X as much ~EDDT and 3X as much EPCBs in their fat than fish from the 
Yamaska River (2800 vs. 4.40 ng/g and 1700 vs. 500 ng/g wet weight, respectively), but no 
differences between sites were observed for dieldrin, lindane or heptachlor epoxide. Noire River 
fish exhibited a less degraded pattem of PC-B contamination, with proportionately rnore penta- 
(15 % vs. 4%) and less hexa- and. heptachlorobiphenyls (70% vs. 81%) plus nine more congeners 
in their fat. They also contained a higher proportion of the toxic congeners (28% vs. 17%), had 
lower lipid contents were in poorer condition. Thus, further investigation of the sources and 
effects of persistent organic contaminants in the Noire River basin may be warranted. This is 
the fmal report on the Yamaska River study. '

A



Somrnaire 5 l’i_ntention de la.Direction 

La riviere Yamaskaea une eau de pietre qualité depuis de nombreuses années. En 1985, 
on a entrepris une étude intensive sur la présence, la persistance, le devenir et les effets des 
produits chimiques industriels et des pesticides dans le bassin de cette riviere. Une partie de 
cette étude a porté sur la présence de cest composés dans les poissons qui se nourrissent dans le 
fond. On a analysé les concentrations de résidus de pesticides organochlorés et de congéneres 
des BBC dans le foie, l_a rate, les gonades, les reins, ‘la vésicule biliaire, la graisse viscérale et les 
muscles dorsaux des -poissons de la riviere Yamaska et de son principal affluent, la riviere -Noire. 
On a t-rouvé de grandes quantités de produits chimiques étudiés dans les extraits basiques ainsi 
que les» extraits acides de ces tissus de poisson, ce qui laisse entendre que la digestion acide, 
suivie d’une saponification et d’une e‘xtr'act'ion avec un solvant organique, peut permettre une 
récupération plus complete des résidus de contaminants organilques des tissus biologiques que les 
techniques classiques. Les concentrations de résidus étaient plus élevées et‘ moins variables dans 
les tissus adipeux; ces tissus ont donc été utilisés pour comparer les modeles de contamination 
entre les différents sites. Les poissons de la riviere Noire contenaient six fois plus de ZDDT et 
trois fois plus de ZBPC dans leurs tissus adipeux que ceux de la riviére Yamaska (respectivement 
2 800 c. 440 ng/g et L1 700 c. 500 ng/g), mais on n’a observé aucune difference entre les sites 
en ce qui a trait a la dieldrine, au lindane ou a l’époxyde d’heptachlore. Les poissons de la 
riviiere Noire présentaient une détérioration moins prononcée par la contamination par les BPC, 
avec une concentration proportiormellenient supérieure de penta- (15 % c. 4 %) et inférieure 
d’hexa- et d’heptachlorobiphényles (70 % c. 81 %) et neuf congéneres dc plus dans leurs tissus 
adipeux. Ils contenaient également des concentrations plus élevées de congénéres toxiques (28 ‘% 
c. 17 %) et des teneurs inférieures en lipides, et ils étaient dans un état plus deplorable. Des 
études supplémentaires des sources et des effets des contaminants organiques persistants dans le‘ 
bassin de la riviere Noire seraient donc justifiées. Il s’agi’t du dernier rapport de l’étude sur la 
riviére Yamaska.
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Abstract 
_ 

. , 

Bottom-feeding fish from the Yamaska River in Québec and its major tributary, the N oire 
River, were analyzed for residues of organochlorine pesticides and PCB congeners in liver, 
spleen, gonad, kidneys, gall bladder, visceral fat and dorsal muscle. Significant quantities of 
target Chemicals were found in the basic extracts as well as the acidic extracts of these fish 
tissues, suggesting that acidic digestion followed by saponification and extraction with an organic 
solvent may provide a more complete recovery of organic contaminants residues from biological 
tissues than conventional techniques. Residues were highest and least variable in fat, therefore 
this tissue was used to compare pattems of contamination between sites. Fish from the Noire 
River contained 6X as much EDDT and 3X as much EPCBs in their fat than fish from the 
Yamaska River (2800 vs. 440 ng/g and 1700 vs. 500 ng/g wet weight, respectively), but no 
differences between sites were observed for dieldrin, lindane or heptachlor epoicide. Noire River 
fish exhibited a lessdegraded pattern of PCB contamination, with proportionately more pen't'a= 
(.15 % vs. 4 %i) and less hexa- and heptachlorobiphenyls (70% vs. 81%) plus nine more congeners 
in their fat. They also contained a higher proportion of the toxic congeners (28% vs. 17%‘), had 
lower lipid contents and were in poorer condition. Thus, further investigation of the sources and 
effects of persistent organic contaminants in the Noire River basin may be warranted.



Résumé 

On a anjalysé les conc'entra‘t‘ions de résidus de pesticides organochlorés et de congénéres 
des’ BPC dans le foie, la rate, les gonades, les reins, la vésicule biliaire, la graisse viscérale et les 
muscles dorsaux des poissons de la riviére Yamaska au Québec et de son principal affluent-, la 
riviere Noire, On a trouvé de grandes quantités de produits chimiques étudiés dans les extraits 
basiques ainsi que les extraits acides de ces tissus de poisson, ce qui laisse entendre que la 
digestion acide, s'uivie d’une saponification et d’une extraction avec un solvant organique, peut 
permettre une récupération plus complete des résidus de contaminants organiques des tissus 
biologiques que les techniques classiques. Les concentrations de résidus étaient plus élevées et 
moins variables dans les tissus adipeux; ces tissus ont donc été utilisés pour comparer les 
rnodéles de contamination entre les différents sites. Les poissons de la riviere Noire contenaient 
six fois plus de ZDDT et trois fois plus de ZBPC dans leurs tissus adipeux que ceux de la riviere 
Yamaska (respectivement 2 800 c. 440 ng/g et 1 700 c. 500 ng/g), mais on n’a observé aucune 
difference entre les sites en ce qui a trait 5 la dieldrine, an lindane ou 21 l’épo'x'yde d’heptachlore-. 
Les poissons de la riviiére Noire présentaient une détérioration moins prononcée par la 
contamination par les BPC, avec une concentration proportionnellement supérieure de penta- 
(15 % c, 4 %) et inférieure d’hexa- et d’heptachlorobiphényles (70 % c. 81 %) et neuf 
congéneres de plus dans leurs tissus adipeux. Ils contenaient également des concentrations plus 
élevées de congénéres toxiques (28 % c. 17 %) et des teneuis inférieures en lipides, et ils étaient 
dans un état plus déplorable. Des études supplémentaires des sources et des effets des 
contaminants organiques persistants dans le bassin de la riviere Noire seraient donc justifiées.
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Introduction 

The Yamaska River in Quebec .has had poor water quality for many years (Ministere de 
l’Environnement du Québec 1985)-. Agriculture is the main activity in the basin-, and pesticides 
are used heavily. In 1982, one quarter (590,l04 kg) of all pesticides sold for agricultural 
purposes in the province were sold in this relatively small basin (Reiss et al. 1984). There is 
also light industry, including textile mills, throughout the basin (Ministere de l’Environnement 
du Quebec 1985). Occasional surveys of cjontamination in the Yamaska River and its tributaries 
by heavy metals, polychlorinated biphenyls (PCBs), pesticides, dyes and other chemicals have 
been conducted over the past twenty years (Maguire and Tkacz 1991, 1993, and references 
therein). In 1985, an intensive study was undertaken to determine the occurrence, persistence, 
fate and effects of industrial chemicals and pesticides in the basin. One part. of this study was 
an investigation of the occurrence of these compounds in bottom-feeding fish. A site at the 
mouth of the Yamaska, River and another in the lower reach of its major tributary, the Noire 
River, were selected for study in order to compare the types and degrees of chemical 
contamination in the Yamaska River basin with its main sub-basin. 

In a 1977-78 survey of 15 sites throughout the river system, Harvey (1979) reported that 
fish from locations in the lower Noire River and between the confluence of the Yamaska-nord 
and Yamaska-centre and the mouth of the Yamaska River were the most contaminated with 
PCBs and organochlorine pesticides. Concentrations of PCBs in the flesh (whole fish minus 
internal organs andhead) of some specimens from this reach exceeded the Health Canada 
guideline of 2.0 ug/g wet weight for PCBs in the edible. portion of fish intended for human 
consumption (D. Gr.ant, Health Canada, pers. comm.). As expected, significant concentrations, 
of these compounds were found in fish from the present study. The purpose of this paper is to 
compare concentrations of PCB congeners and organochlorine pesticides in bottom-feeding fish 
between the two study sites-, and to determine the distributions of these compounds among 
various organs and tissues. Data on the occurrence of individual PCB congeners in biota are 
rare in general, and these are the first to be reported for the Yamaska River-. The paper also 
describes a m0di_fi¢ation of a commonly-used technique .f0I'. extracting lipophilic chemicals from 
biological samples. Fish were also analyzed for a target list of 44 organophosphorus, triazine 
and amide pesticides and 20 acid, basic, direct, disperse, mordant and reactive dyes currently 
used in the Yamaska River basin, but were not found to contain detectable levels of any of these 
compounds (R.J. Maguire, unpublished data). 

_ 

‘ Materials and ‘Methods 

Collection and Dissection of Fish “ 

Fish were CO11.t>Ct_ed using 14 cm mesh gill nets set for approximately 1.5 hr at site 13 
(east side of the Yamaska River, 50 in downstream of the Hwy 132 bridge at Yamaska-Est-; 46° 
00’ .25" N and 72° 54’ 359" W) on 4 June 1986, and at site 10 (north side of the Noire River, 
3 km downstream of the Hwy 235 bridge at St-Pie; 45° 31’ 00" N and 72° 55’ 30" W) on 12
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June 1986 (Fig. 1). Six redhorse (Moxostoma sp.) were collected from site 10, and one 
quillback (Carpiodes cyprinus), one white sucker (Catostomus commersonz), three redhorse and 
two carp (Cyprinus carpio) were obtained from site 13. Fish were sacrificed, measured (fork 
length), wrapped in prefired (500°C) aluminum foil and frozen at the time of collection. Five 
fish from each site were females, and these were chosen for ana_lysi_s. One male redhorse from 
each -site and one male carp from site 13 were not analyzed-. Approximately 14 months after 
collection, the fish were removed from the freezer, weighed and dissected using stainless steel 
instruments. Specimens ranged in fork length from 38.5 to 48.0 cm and weighed between 1.0 
and 1.8 kg. The liver, spleen, gonads, kidneys and gall bladder were removed in their entirety 
from each fish. A sample of the fat stored around the internal organs and a sample of muscle 
from the left side of each fish between the dorsal fin and the lateral line were also taken. The 
organs and tissue samples were wrapped in clean foil, except for the gall bladder which was 
placed in a glass vial, and refrozen until they could be processed a few months later. 

Analytical Methods 

Materials 
_

- 

Standards for 51 PCB congeners were obtained from the National Research Council of 
Canada, Halifax, NS. They were (in order of elution from an Ultra-2 column, and according 
to the numbering scheme of Ballschmiter and Zell 1980): PCBs 15, 18, 31, 40, 44, 49, 52, 54, 
60, 77, 86, 87, 101, 103, 105, 114, 118, 121, 128, 129, 137, 138, 141, 143, 151, 153, 154, 
156, 159., 170,171, 173, 180, 182, 183, 185, 187, 189, 191, 194, 195, 196, 199, 201,202, 
203, 205, 206, 207, 208, and 209. This congener set includes 12 planar, non-ortho or mono- 
ortho chlorine-substituted PCBs congeners and 5 others which are known to induce mixed 
function oxidase activity, based mainly on studies of mammals (McFarland and Clarke 1989; 
de Voogt et al. 1990). Congener 77 is a 3-niethylcholanthrene-type inducer, congeners 87, 101, 
1153, 180, 183 and 194 are phenobarbital-type inducers, congeners 105, 114, 118, 128, 138, 
156, 170 and 189 possess the properties of both (mixed—type), and <>Ongeners 52 and 151 are 
weak phenobarbital-type inducers (McFarland and Clarke 1989). Throughout this paper, "total 
PCBs" refers to the sum of the 51 congeners sought. Organochlorine pesticide standards were 
obtained from chromatographic supply companies. They were (in order of elution from an 
Ultra-2 column)‘: lindane, heptachlor, aldrin, heptachlor epoxide, a—endosulfan, o,p’-DDE, 
dieldrin, p,p”-DDE, o,p’-TDE, endrin, B-endosulfan, p,p’-TDE, o,p’-DDT, p,p’-DDT, 
methoxychlor and mirex. Pesticide grade solvents were obtained from different suppliers and 
their purity at l000x concentration was checked before use. .SX-3 Bio-Beads were obtained from 
Bio-Rad, Richmond, CA and Soxhlet-extracted with dichloromethane to remove contamination 
p1'.i01_' to use. The sodium sulfate, silica gel, aluminum foil, glass fibre filters and disposable 
pipets were heated to 500°C for 24 hr before use, and all glassware was rinsed with Pesticide 
grade solvents. Hydrochloric acid and sodium hydroxide solutions used for pH adjustment were 
prepared from reagent grade chemicals, but extracted with hexane prior to use to minimize 
contamination. No contamination was evident in the solvent or reagent blanks,
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Extraction ' 

The most common method for the extraction of chlorinated hydrocarbons from animal 
tissues uses Soxhlet extraction of material which has been homogenized, ground and blended 
with anhydrous sodium sulfate (e.g., de Voogt et al. 1990; Firestone 1991). Saponification of 
tissues before extraction with organic solvents has also been used successfully (e.g., Lamparski 
et al. 1979; Tuinstra et al. 1980, 1985; Castelli et al. 1983; Tanabe et al. 1987a,b; Kannan et 
al. 1989), as has saponification of organic extracts (Wells and Echarri 1992). De Boer (1988) 
has demonstrated that recoveries of PCB congeners from fish tissues are higher with 
saponification (4 hours at 90°C) than with Soxhlet extraction. However, it should be noted that 
some organochlorine pesticides may be lost during saponification (Tuin_stra et al. 1980). In 
addition, van der Valk and Dao (1988) have noted the loss of some PCB congeners with four 
or more chlorine atoms during saponification at 90°C, and have recommended that the 
saponification be carried out at no higher than 70°C. Acidic digestion of‘ tissues either before, 
or at the same time as, organic solvent extraction has also been successfully used with PCBs in 
earthworms (Tarradellas et al. 1982), chlorophenols in fish (Carey et al. 1983), chlorophenols, 
benzothiazoles and p,p’-DDT in leeches (Metcalfe et al. 1985), organotin species in fish 
(Maguire et al. 1986), and polychlorinated dibenzo-p-dioxins and dibenzofurans in a variety of 
tissues (e.g., Lawrence et al. 1986; Afghan et al. 1987; Thompson et al. 1989; Sherry and Tse 
1990). The approach taken in this study was to digest the fish tissues in concentrated HC1, 
extract the diluted digestate, saponify the digestate and extract again». This was done to 
determine if »saponifi<-ration released any chemicals in addition to those released by prior acidic 
digestion. - 

Ideally, 5 g of each organ or tissue sample were taken for analysis. All livers, kidneys 
and muscle samples and most gonads and fat samples weighed more than 5 g and were therefore 
subsampled. All gall bladders weighed less than 5 g (0.26 to 2.1 g), as didifour of five spleens 
at each site (2.0 to 4.7 3), three gonads from site 13 (3.0 to 3.-5 g) and one fat sample from site 
13 and three from site 10 (1.3 to 4.0 g). Each tissue 1-sample was spiked with 50 pg of 
octachloronaphthalene intemal standard, homogenized in 'a blender and dispersed in 50 mL of 
concentrated HCl by stirring for 2 hours at room temperature. The acidic digest was then 
diluted with water to 250 mL and extracted three times with 30 mL volumes of dichloromethane. 
The three extracts were combined, dried by passing through sodium sulfate, and concentrated 
to 1 mL for clean-cup. The aqueous phase was then made basic to pH 12 by the addition of 12 N NaOH, 100 mL of ethanol was added, and the solution was heated to 60°C for 3 hours. 
After cooling, the basic solution was extracted three times with 30 mL volumes of 
dichloromethane. The three extracts were combined-, dried and concentrated to 1 rnL for 
cleanup.

1 

Cleanup
' 

Lipids were removed by size-exclusion chromatography with 2.5 cm i.d. x 40 cm 
columns of SX=3 Bio-Beads using 1/1 (v/v) dichlorotnethanel hexane as eluent. The lipids eluted 
in the first 80 mL fraction, and were dried and weighed. The next 100 mL fraction, which
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contained the pesticides and PCBs studied, was collected and concentrated to 1 mL. After lipid 
cleanup, the samples were solvent-exchanged and reduced in volume to 1 mL of hexane. These 
hexane extracts were then cleaned up by -elution from a silica gel column in five fractions of 
increasing polarity. The silica gel was activated at 200°C for 24.hours, then deactivated with 
5% Milli-Q (Millipore-Waters, Mississauga, ON) water and mixed overnight. Columns (10.5 mm i.d.) were packed with 2 cm of anhydrous sodium sulfate above and below 8 cm of 
deactivated silica gel, and rinsed with hexane. The extracts were applied to the column and 
eluted in five fractions; 60 mL hexane; 60 hexane/dichloromethane (80/20, v/v);, 60 mL 
dichloromethane; 200 mL acetone; 100 mL methanol. All five fractions were solvent- 
exchanged into hexane and reduced to a few mL. Then 1 mL of isooctane was added, and the 
fractions were reduced to 1 mL for analysis. The 16 chlorinated pesticides sought eluted in the 
first three fractions, while the PCB congeners eluted in the first fraction only. 

Analysis
; 

Sample extracts were analyzed for chlorinated pesticides and PC-B congeners with a 
Hewlett-Packard 5890A capillary column gas chromatograph (GC) with a single splitless injector 
- dual column - dual electron capture detector (ECD) technique. One column was Ultra-2 and 
the other was OV-17. Column dimensions were 0.2 mm i.d. x 25 m in length, with 0.17 pm 
film thiclmess. Injector and detector temperatures were 250 and 350°C, respectively. The 
initial column temperature was 60°C, and the program rate was 3°/minute to 280 °C, with an 
8 minute hold. The carrier gas flow rate was 1.0 to 1.5 mL/minute and the make+up gas 
flow rate was 20 mL/minute. Standard mixtures of all the chlorinated hydrocarbons in the 
expected concentration ranges were prepared and used to calibrate retention times and detector 
responses. Chromatographic "windows" were typically 0.04 minutes at most at 80 minutes 
retention time. The presence of a compound was taken to be tentatively confirmed if (i) it 
occurred within the appropriate chromatographic window on both columns, (ii) the 
concentrations determined with each column were within 30% of each other (in which case the 
lower of the two concentrations was reported), and (iii) the concentrations were above the limit 
of quantitation for the particular sample, i.e. , approximately three times the noise level. Spiking 
experiments indicated that detection limits were in the range 0.1 to 0.5 ng/ g wet weight of fish 
tissue for selected PCB congeners and organochlorine pesticides. In general, less than 25% of 
all peaks in the ECD chromatograms could be tentatively identified by retention time matching 
with PCB congener and organochlorine pesticide standards. Reported concentrations were not 
corrected for recovery of the octachloronaphthalene internal standard. Where analyte 
concentrations were sufficiently high, many of the tentative identifications could be confirmed 
by GC-selected ion monitoring mass spectrometry using a Hewlett-Packard 597 l_A mass selective 
detector (MSD). The MSD was operated in electron impact mode with an ionization potential 
of 70 eV and a source temperature of 190°C. '

i 

Reagent blanks were analyzed according to the methods given above. Little, if" any, 
contamination was evident. Recovery experiments were done on PCB congeners and 
organochlorine pesticides spiked into homogenates of various tissues of farmed rainbow trout 
(0ncorhynchus r__nyk_is_s) purchased locally. Spikes were allowed to age for 4 hours before
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extraction-. Recoveries of the test chemicals from various tisslles averaged- 82% in the acidic 
extracts, and no test chemical was found in the subsequent basic extract. The concentrations of 
chemicals in Yamaska River fish were not corrected for recovery" from rainbow trout in the 
spiking experiments. 1

' 

' Results 

Occurrence of Target Compounds in Acidic vs. Basic Extracts 

Appreciable quantities of chlorinated pesticides and PCBs were frequently found in the 
basic extracts as "well as the acidic extracts of fish tissues (for brevity, the term "tissue" will 
refer to either an organ or a tissue sample). For example, DDT and/or its derivatives were 
detected in 65 of the 70 samples analyzed, including all but ll of the basic extracts of these 
samples. For 28% of the samples, over 50% of the total concentration of DDT (2DDT=. [o,p’- 
DDE] + [p,,p’e.DDE] + [o,p’-TDE] + [p,p’-:TDE] + [o,p’-DDT] + [p,p’-DDT])' was found 
in the basic extract (median = 19%). Similarly, PCBs were detected in 62 of the 70 samples 
analyzed, including all but 13 of thebasic extracts. For 20% of these samples, over 50% of the 
total concentration of PCBs (sum of all congeners) was found in the basic extract (median = 
12%). Due to the finding of significant amounts of target chemicals in basic extracts, 
concentrations reported for each sample throughout this paper consist of the total residue in 
acidic plus basic extracts. Raw data are attached as Appendices A to J. 
Chlorinated Pesticides ~

_ 

Aldrin," ar-endosulfan, B-endosulfan, methoxychlor and mirex were not found in any of 
the extracts of fish tissues analyzed. Heptachlor was detected in only 3 samples '(2 fat, 1 liver) 
from site 13, at concentrations of 2.0 ngl g or less, and endrin was detected in 3 samples (2 fat, 
1 gonad) from site '10, at concentrations up to 25.0 ng/g_. Dieldrin, lindane and heptachlor 
epoxide were found in 66%, 43% and 26%, respectively, of the samples from site 10 and in 
51%, 51% and 29%, respectively, of the samples from site 13-. These latter three pesticides 
were consistently found only in fat»; therefore, comparisons of residue levels between sites were 
restricted to the data on fat. Differences between mean concentrations were determined here and 
elsewhere using a t.-test with a pooled estimate of variance; where variances were not 
ho_mogen_eous, an adjusted test statistic with fewer degrees of freedom was used, i.e. n+1 vs. 2(n- 
1). Mean concentrations of dieldrin, lindane and heptachlor epoxide in fat of fish did not differ 
between sites 13'and 10 (dieldrin: 60.8 i 46.6 ng/‘g vs. 74.7 i 36.6 ng/g, t = 0.53 > t;(-W5) = 2.306; lindane: 35.3 i 23.4 ng/g vs. 15.8 jg 7.5 ng/gm, t = 1.55 1 two-5, = 2.776; 
heptachlor epoxide: 5.9 ;j; 2.4 ng/g vs. 10.3 j; 3.9 ng/g, t = 1.24 i tmos) = 2.306). The 
distribution of dieldrin among several organs and tissues could be also determined for fish from 
site 10. Concentrations of dieldrin in fat (74.7 i 36.6 ng/g) were significantly greater than 
those in gonads (3.-8 1- 1.3 ng/g‘; t _= ’4.33* > t4(0_0,, 

i= 2.776), kidneys (2.5 1- 1.4 ng/pg; t = 
4.41* > t4(o__o5, 

= 2.776) and liver (2.0 j; 1.2 ng/g; t = 4.44* > t4~(o_o,, = 2.776). However, 
there were no significant differences among the other three organs (t = 1.51, 2.28 and 0.67 1
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tmos, = 2.306 for gonads vs. kidneys, gonads vs. liver and kidneys vs. liver, respectively). 
DDT and its derivatives were found in most samples. Exceptions were o,p’-DDE, which 

was not found in any sample and o,p’-TDE, which was not found in any sample from site l_3 

but was found in the majority of samples (22 of 35) from site 10. Concentrations of EDDT 
were used to compare residues among tissues and fish and between sites. Total DDT was 
consistently found in the gonad, liver, lddney, fat and muscle of the fish from site 13 and in all 
seven tissues of the fish from site 10 (Table 1). To determine whether there were differences 
in EDDT concentrations among tissues or among fish at either site, a two-way analysis of 
variance (ANOVA) was performed. This assumes a randomized block design and is not strictly 
correct, as measurements on tissues from the same fish are not independent observations. 
However, this test is useful because it provides a measure of the proportion of the variability in 
the data attributable to fish vs. tissues. At site 13, differences among the five tissues were 
highly significant (F = 20.96*i* > F4,,,(0_0,, # 5 .64) and explained 72% of the variability in the 
data-. Differences among fish were also significant (F = 4.00* > F4,,6(o_Q,, = 3.73), explaining 
14% of the variability. At site 10, differences among the seven tissues were highly significant 
(F = 63.13** > F,,,,,(,,_(,,, 

= 4.20) and explained 92% of the variability, whereas differences 
among fish were .-not significant (F = 1.84 2+ F4_m,_<,5, = 3.38) and accounted for only 3% of the 
variability in the data.

_ 

As the ANOVA demonstrated significant differences among tissues at both sites, it was 
appropriate to proceed with individual t-tests to determine which tissues contained higher 
concentrations of EDDT relative to which other tissues, and whether trends were the same at 
both sites. Results are shown in Table 2. Concentrations of DDT were highest in fat of fish 
from both sites, intermediate in liver, kidney and gonad, and lowest in muscle - although not 
significantly so at site 13. At site 10, concentrations in spleen and gall bladder were 
significantly lower than those in liver but not gonad or kidney. Differences among fish were 
marginally significant at site 13. Concentrations appeared to be highest in the quillback, lowest 
in the carp and intermediate in the redhorse and white sucker (Table 1). However, differences 
between individual_s_(r_esults of t-tests) were not statistically significant. Differences in DDT 
contamination of fish between the two study -sites could be determined by comparing mean 
concentrations in tissues for which data were available from both sites, i.e. gonad, kidney, liver, 
fat and muscle. Concentrations in gonad and fat were very significantly higher at site 10 (t = 
5.04** > t4(0m, = 4.604 andt = 6.46** > t,(o_o,, 

= 3-.355, respectively) and concentations in 
lddney were significantly higher (t = 3.08* > t4(o_0,, 

=t 2.776). Residues in liver and muscle 
did not differ between sites (t = 2.62 > t4@_Q5, = 2.776 and t = 1.16 1 t,(0_0,, 

= 2.306, 
respectively). It appeared (Table 1) that concentrations in gall bladder and spleen were also 
higher at site 10, but this could not be tested statistically. . 

The main form of DDT in all samples analyzed in this study was p,p’-DDE, which is the 
major degradation product of p,p’-DDT. The ratio of [p,p’-DDE]/[EDDT] in fish may be used 
as an indicator of the extent of degradation of DDT, with higher ratios indicating exposure to 
more weathered or distant sources (e. g. Sanchez et al. 1993), In the more heavily contaminated 
fish from site 10, the ratio of [p,p’-DDE]/[EDDT] averaged 0.93 and was fairly uniform over
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all tissues examined (SD = 0.05). The average ratio in site 13 fish was similar at 0.85, but was 
more variable (SD = 0.15). .

- 

PCBs ‘ ' 

~

' 

PCBs were consistently found in gonad, kidney, liver and fat of the fish from site 13 and 
in all seven tissues of the fish from site l0 (Table 3), 'ANOVAs were performed to determine 
whetherthere were differences in concentrations of 2PCBs among tissues or among fish at either 
site. At site 13, differences among the four tissues were significant (F = 5.83»*" > F;,,,2(o_o5, _=' 

4.47) and explained 50% of the variability in the data.» Differences among fish were not 
statistically significant = 1.29 1 F,,_,__,_m_,,,, 

= 4.12), although they accounted for 15% of the 
variability. At site 10, differences among the seven tissues were highly significant (F f= 

32. 75*~*‘ > F,,,,,(o_o,, = 4.20) and explained 87% of the variability. Differences among fish were 
insignificant (F = 1.61 1» F4,24(O_9,)_ = 3.38), accounting for just 3% of the variability in the data. 
Individual t-tests were used to determine which tissues contained higher concentrations of EPCBs 
relative to which other tissues, and whether trends were the same at both sites. Results are 
shown in Table 4. Differences between pairs of tissues were not found to be significant at site 
13, probably because of the greater variation among individual fish at this site. However, levels 
were obviously highest in fat. At site 10, concentrations of EPCBs were highest in fat, followed 
by liver, lddney and gonad which were similarly contaminated, followed by spleen and gall 
bladder, "then muscle. It appeared (Table 3) that concentrations may have been higher in muscle 
tissue than gall bladders of fish from site 13. '

\ 

Differences in PCB contamination of fish between the two study sites were .determ’ined 
by comparing mean. concentrations of EPCBs in tissues for which data were available from both 
sites, i.e. gonad, kidney, liver and fat. Concentrations fat of fish were very significantly 
higher at site 10 (t = 3».45** > t,(o_,,,, 

= 3.355), and concentrations in gonad were significantly 
higher (t = 2.8l* > tmos, = 2.306). Concentrations in gall bladder and spleen also appeared 
to be higher at site 10 (Table 3), but this could not be tested statistically. Residues in kidney 
and liver did not differ between sites (t = 0.27 1 tmos, = 2.776 and t = 0.86 '1 tmos, = 2.306, 
respectively), and it appeared (Table 3) that this was also true for muscle. 

‘ The body tissue having the highest concentration of ZPCBs in all fish was fat. This 
tissue also contained the largest number of PCB congeners, ranging from 10 to 20 in fish from 
site 13 and from 16 to 29 in fish from site 10. Thus, a detailed examination of the PCB 
composition of fish was restricted to the data on fat. PCB congener class profiles, i.e. the 
distributions of total PCBs over all congener classes, were -compared among fish within and 
between sites using the Kolmogorov-Smirnov (KS) test. The test statistic is based on the 
maximum difference between two cumulative distributions, where the null hypothesis of no 
difference between distributions is rejected if D (maximum difference) > 0.486 (n ='- 7; p < 
0.05). No di- or decachlorobiphenyls were found in the fat of any fish, hence the sample size 
for this test was very’ small (7 congener classes) and a large value of D was required to achieve 
statistical significance. Although none of the distributions was found to differ significantly from 
any other, values of D were 0.149 or less for all 20 within-site comparisons except those
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involving fish 13-4 (carp) from site 13 and fish 10-5 (redhorse) from site 10 (0.227 to 0.417). 
Similarly, values of D were 0.200 or less for all 25 between-site comparisons except those 
involving fish 13-4 and 10-5 (0.316 to 0.465). These results suggested that any differences in 
congener class distributions between sites were fairly minor, and that fish 13-4 and 10-5 differed 
somewhat in their profiles from all other fish and from each other. These two fish also had the 
lowest EPCB levels for their sites. Figure 2 presents the PCB profiles for all site 13 fish except 
fish 13-4 (Fig. 2a), all site 10 fish except fish 10-5 (Fig. 2,b), fish 13-4 (Fig. 2c) and fish.l0-5 
(Fig. 2d). Comparison of Figs. 2a and 2b shows that the mean proportion of 
pentachlorobiphenyls was greater at site 10 (15%)'than site 13 (4%), while the proportion of 
hexa- and heptachlorobiphenyls was greater at site 13 (81% vs». 70%). Fish 13-4 contained no 
pentachlorobiphenyls whereas fish 10-5 contained 14% , and this is consistent with the above site 
differences. However, these two fish also had the highest proportions of tri- and 
tetrachlorobiphenyls among all fish (51% for the carp and 29% for the redhorse vs. 4 to 14% 
for other fish). » 

1
' 

The PCB composition of fish was further examined terms of the relative dominance 
of the various congeners. Again, only the data on fat were considered. For each fish, 
congeners were in order of dominance (i.e. concentration) in fat, and comparisons among 
fish within and between sites were made using Spearman’s rank correlation coefficient (r-,). This 
analysis requires equal sample sizes-, but some samples contained more congeners than others. 
Therefore, ND values were assigned a nominal concentration of 0.01 ng/g for the purpose of 
calculating r,. Table 5 presents the results forall 45 comparisons. Fish 13-4 and 10-5 did not 
correlate significantly with each other or with any other fish in terms of congener rankings in 
their fat. All other within-site correlations were significant except for one (13-3 & 13-5), 
although agreement was generally better (p < 0.01) among site 10 fish. Congener rankings in 
fish 13-1, 13-2 and 1-3-3 also correlated well with -those in fish 10-1, 10-2 and 10-4 and to a 
lesser extent with those in fish 10-3 (generally p < 0.05). Interestingly, fish 13-5 (white 
sucker) did not correlate with any site 10 fish. These results showed that there were subtle 
differences in the congener patterns between sites, which were somewhat confounded by 
differences among individual fish. 1 

The occurrence of specific PCB congeners in fat of fish differed somewhat between the 
Yamaska and Noire Rivers. Of the 51 congeners sought, 21 were not found in any sample. 
Four congeners, namely 44, 180,187 and 203, were found in all samples and an additional 17 
congeners were found in most (31, 40, 49, 87, 128, 137, 13,8, 153, 183, 185, 194, 195, 206) 
or at jleast some (141, 151, 170, 182) fish from each site. Nine congeners were found only at 
site 10, including 18, 156 and 171 that were found in all site 10‘ fish, 52, 118, 173 and 207 
found in most fish, and 159 and 196 in some fish. No congeners were found only at site '1-3. 
The dominant congeners in fish from site 13 (excluding fish 13-4) were 153, 138, 180, 187, 182 
and 87, in descending order. In comparison, the dominant congeners in fish from site 10 
(excluding fish 10-5) were 153, 1318, 118, 180, 187, 170 and 87. Congener 118 was never 
found at site 13, but was the third most significant congener at site 10; congener 170 ranked 6th 
overall at site 10 and only 19th overall at site 13; congener 182 was foundin only three fish 
from site 10, but was a significant constituent in both cases. Thus, the two sites differed mainly
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importance of Yclongener 170 and especially congener 118 a_t site 10 and (ii) the occurrence of 
nine congeners at site 10 that were absent in fish from site 13. Congener 118 was responsible 
for the higher proportion of pentachlorobiphenyls at. site 10, accounting for about 70% of the 
total concentration attributed to. this congener class. t 

Lipid Content ‘ 

Lipid contents were determined on all fish extracts. Some samples were quite small, 
yielding only a few milligrams or less of lipids. Also, it has been shown that semipolar 
solvents, such as thedichloroniethane used in this study, do not completely extract membrane- 
bound lipids unless they are combined with polar solvents such as methanol (Randall et al. 
1991),. For these reasons, measures of lipid content in fish tissues were considered unreliable 
and contaminant concentrations were reported on a wet weight rather than lipid-normalized basis. 
There is some evidence that lipid-normalization of organochlorine concentrations in fish actually 
increases rather than decreases variability among samples (Sanchez et al. 1993). Lipid contents 
of fish organs and tissues in the present study were indeed variable (Table 6). Nevertheless, the 
data were useful for answering a question that arose during the study, i.e. could the higher levels 
of contaminants in fish -from site 10 be due to higher lipid contents, and thus a greater capacity 
for bioaccumulation, rather than higher levels of exposure? As shown in Table 6, lipid contents 
were found to be consistently lower in fish from site 10 than site 13. Two indices of general 
health, namely, condition factor or "K" (Carlander 1969) and lipid content of the liver are 
included in Table 6. Values‘ for both were generally higher in fish from site 13. It therefore 
appears that fish from site 10 were more contaminated and in poorer condition than fish from 
site 13. 

‘ 

t
» 

The higher the lipid content of an organ or tissue, the higher the concentration of 
lipophilic organic contaminants accumulated. At site 10, for example, tissues ranked as follows 
from the most to the least contaminated with both ZDDT and 'EPCBs: fat > liver > gonad > 
kidney > spleen > gall bladder > muscle. These tissues ranked in exactly the same order with 
respect to dex:reasing_ lipid content. 

'

A 

Discussion 
i

~ 

The occurrence of significant quantities of target chemicals in the basic extracts of fish 
tissues from this study indicates that acidic digestion followed ‘by saponification and extraction 
With an organic solvent may provide a more complete recovery of organic contaminant residues 
from biological tissues than conventional techniques. The finding of chemicals in basic extracts 
of tissues after extraction at acidic pH might be due to incomplete extraction at low pH. 
However, the occasional finding of a chemical in a specific tissue at a higher concentration in 
the basic extract than in the prior acidic extract suggests thatthe phenomenon may not simply 
be the result of incomplete extraction. As noted earlier, de.Boer (1988) found that recoveries 
of PCB congeners from "fish tissues were higher with saponification than with Soxhlet extraction. 
He attributed this result to incomplete extraction of polar lipids by non-polar solvents in the
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Soxhlet apparatus, as compared with the more efficient extraction of non-polar lipids. In the 
present study, itis possible that saponification released chlorinated pesticides and PCB congeners 

with relatively polar lipids, which were not extracted along with the non-polar lipids 
at acidic pH. The toxicological implications of this finding are uncertain. It may be that 
residues extracted only at basic pH are also less easily mobilized in fish. 

The organic compounds found most frequently and at the highest concentrations in fish 
samples were EDDT (93% of samples) and EPCBs (89% of samples). Specific DDT derivatives 
were found at the following frequencies: p,p’~DDE in 93% of samples, p,p’-TDE in 63% , p,p’- DDT in 36%, o~,p’*-TDE in 31%, o,p’-.DDT in .24% and o,p’-DDE in none. Dieldrin was next 
in frequency of detection (59% of samples), with levels approximately an order of magnitude 
lower than EDDT and EPCBs. Lindane was found .in 47% of samples, heptachlor epoxide in 
27% , and heptachlor and endrin in 4% each at correspondingly lower concentrations. _AH other 
pesticides were non-detectable (< 0.1 to 0.5 nglg wet weight). 

There have been four other surveys of‘ chlorinated organic compounds in fish from the 
Yamaska River basin, and findings with respect to frequency of detection and relative 
concentrations of these compounds were similar to those above. Residue levels cannot be 
directly compared among studies because different portions of the fish were analyzed in most 
cases. Harvey (1.979) collected nearly 800 specimens of 11 different species of fish from 15 
sites on the Yamaska River in the fall of 1977 and spring of 1978. He analyzed decapitated and 
eviscerated fish individually for several organic contaminants, including PCB 1254 (546 fish), 
p,p’-DDT, p,p’-DDE and p,p’-TDE, dieldrin, lindane and heptachlor" (229 fish for each), 
heptachlor epoxide (113 fish) and aldrin (101 fish), using a DL of 10 nglg wet weight 
throughout. PCBs were detected in virtually all specimens, at an overall mean concentration of 
590 ngl g (range 10 to 6900 ng/ g). DDT derivatives were also found in all but a few specimens, 
including p,p’-DDE in 96%, p,p’-TDE in 69% and p,p’.-DDT in 4%. The overall mean 
concentration of EDDT-was 120 nglg (10 to 1900 nglg). Dieldrin was detected in 50% of 
samples at a mean concentration of 20 nglg, lindane was found in 14% of samples at a mean 
concentration of 30 nglg, and heptachlor occurred in 5% of samples at a mean concentration of 
20 nglg; heptachlor epoxide and aldrin were not detected. Slightly lower frequencies of 
detection for some of the less dominant compounds in that study vs. the present study may be 
due to differences in detection limits. Another Government of Québec survey was conducted 
in the summer of 1978. Fifty-five sites on 11 major tributaries to the St, Lawrence River, 
including several on the Yamaska River, were sampled. Composite samples of 2 to 10 whole 
white suckers from three sites and walleye (Stizostedion vitreum) from two sites‘ (contents of 
stomach and intestines purged prior to analysis) were analyzed for EPCBs (Goulet et» Laliberte’ 
1982) and organochlorine pesticides (Laliberté et Goulet 1983) using DLs of 2 ng/ g and 1 nglg, 
respectively. Total PCBs, dieldrin and DDT, TDE and DDE (presumably<p,p’- for the latter 
three) were found in all five samples; aldrin-, endrin, heptachlor, heptachlor epoxide, lindane, 
methoxychlor and mirex were not found. Mean concentrations of ZPCBs, EDDT and dieldrin 
were 678 nglg (196 to 1086 ng/8), 175 nglg (106 to 235 ng/8), and 17 nglg (9 to 34 nglg), 
respectively. Levels of dieldrin were thus an order of magnitude lower than levels of EDDT, 
which were 15% to 54% of ZPCB concentrations.
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A third fish survey was conducted in 1980. Seventy-six sites on 27 tributaries to the St, 
Lawrence River, including the River, were sampled. Nine composite samples 
consisting of l to 10 specimens (gut contents removed as in 1978) of a given species,» including 
redhorse, white suckers, walleye and muskellunge (Esox masquinongy) from six sites were 
analyzed for EPCBS (Croteau. et al. 1984) using a DL of 20 ng/g, and eight samples were 
analyzed for organochlorine pesticides (Paul et al. 1984) using a DL of 4 ng/g. PCBs, p,p’- DDE and p,p’-TDE were found in all samples, p,p’~DDT in all but one sample and dieldrin in 
three samples. As in 1978, the remaining seven pesticides were not found, ‘concentrations 
Of _JPCBs and ZDDT were 530 ng/g (133 to 1050 ng/3) and 320 ng/g (80 to 1280ng/g), 
respectively. Total DDT residues in whole fish appeared to have increased since 1978, however 
this was due to the inclusion of a particularly contaminated site on Lac Waterloo in 1980. 
Levels of dieldrin in fish ranged from < 4 to 13 ng/g. The absence of compounds such as 
lindane and heptachlor epoxide in t_hese samples contrasts with their frequent occurrence in the 
present study. This could be a function of detection limits, but is more likely due to the fact that 
whole fish would normally contain lower concentrations of contaminants than several of the fatty 
organs and tissues analyzed in the current study.

p 

The most recent survey was conducted in the fall of 1986, several. months after the 
present study. Paul et Laliberté (1989) collected fish from 39 sites in four major tributaries to 
the St. Lawrence River, including 10 sites on the Yamaska River. but one site had been 
sampled earlier by Harvey (1979). Fifty composite samples of brown bullhead (Ictalurus 
nebulosus), yellow perch (Perca flavescens), walleye, Northem pike (Esox lucius) and 
smallmouth bass (Micropterus dolomieui) were analyzed. Composites consisted of a portion of 
the dorsal flesh (with or without skin not specified) from one to 12 specimens of a given 
Samples were analyzed for all contaminants considered in the current study except endrin, 
dieldrin, a—endosulfan and B‘-endosulfan, using‘DLs of 10 ng/g for PCBs and 1 ngl g for all other 
compounds. PCBs, p,p’-DDE, p,p’-TDE, p,p’-DDT, heptachlor epoxide and lindane were 
foundin 88%, 100%, 62%, 32%, 16% and 4% of samples, respectively. Mean concentrations 
of 21 ng/g (2 to 177 ng/g) ZDDT and 39 ng/g (10 to 110 ng/g) EPCBs were observed. Lindane 
and heptachlor epoitide occurred at trace levels (1 to 3 ng/ g) when present. Values for ZDDT 
and EPCBs in these samples were somewhat higher than those obtained for muscle tissue in the 
present study, i.e. 3 ng/g (0.5 to 5.2 ng/g) and 2 ng/g (§0.1 to 5,7 ng/g), respectively. This 
is probably ‘a reflection of the fact that piscivorous fish (all species sampled by Paul et Laliberté 
1989 except brown bullhead) accumulate higher concentrations of organic contaminants than 
bottom-feeders. Harvey (1979) had reported average concentrations of 880 ng/g PCBs in 
piscivores vs. 410 ng/g in omnivores collected from the system in 1977-78.

' 

Lipid content was an -important determinant of organic contaminant concentrations in fish 
tissues and organs. Intemal fat, i.e. fat stored around the viscera, had by far the highest 
concentrations of target chemicals in all fish. Liver ranked second in terms of both lipid content 
and residue levels, with concentrations of AEDDT and EPC-Bs an order of magnitude lower than 
in fat._ At site 10, lipid content was higher in gonad than kidney, and concentrations of EPC-Bs 
and -ZIDDT were correspondinglyhigher in gonad. At site 13, lipid content was higher in kidney 
than gonad, and concentratiens of ‘these cjontaminantswere again higher in the organ with the
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higher lipid content. It is apparent, as also noted by Phillips and Rainbow (1993), that lipid 
content has an overriding influence on the bioaccumulation of organochlorine compounds by 
biota. 

,

_ 

Fish from the mouth of the Noire River were more. contaminated with DDT and PCBs 
than fish from the mouth of the Yamaska River. When specific body tissues were compared, 
concentrations of EDDT were higher in fat, gonad, kidney and probably also gall bladder and 
spleen at site 10-, but did not differ between sites for liver and muscle. Similarly, PCB residues 
were significantly higher in fat, gonad, and probably also gall bladder and spleen at site 10, but 
did. not differ between sites for lddney, liver and probably also muscle. Fat was the most 
reliable tissue on which to basesite-to-site comparisons of organic contaminant residues in fish 
for two reasons: (i) concentrations ‘of EDDT, .2PCBs, dieldrin, lindane and heptachlor epoxide 
were measureable in all fat samples, whereas non-detectable values were frequently recorded for 
other tissues (especially muscle, gall bladder and spleen, but all other tissues for at least some 
compounds); and (ii) fat exhibited the least within+site variability in terms of both lipid content 
(CVs given in Table 6) and contaminant concentrations (CVs can be calculatedlfrom data 
presented in Tables 1 and 3), thus any differences between sites would be most readily observed 
using this tissue. e

3 

Mean concentrations of )3_DDT, 2PCBs, dieldrin, lindane and heptachlor epoxide in fat 
of fish were 440, 500, 61, 35 and 6 ng/g at site 13 and 2800, 1700, 75, l6 and 10 ng/g at site 
10. Residues of EDDT were, on average, 6X higher in fish from site 10 and EPCBs were 3X 
higher». Levels of dieldrin, lindane and heptachlor epoxide did not differ between sites. All fish 
from site 10 were redhorse. However, fish from site 13 represented four different species, 
namely, redhorse, quillback, white suckers (all Family Catostomidae) and carp (Family 
Cyprinidae). It might therefore be expected that variability in residues among individual fish 
would_be greater at site 13 than site 10. This was true, with 14% to 15% of the variability in 
concentrations of EDDT and. )3PCBs attributed to differences among individual fish at site 13 
vs. only 2% to 3% at site 10. It is significant to note, however, that interspecific differences 
were not large enough to mask site-to-site differences in either levels or pjattems of 
contamination“. 

Fish from the Yamaska River would be considered relatively uncontaminated with PCBs. 
Gou1etetLaliberté (1982) ranked the Yamaska River seventh among 11 major tributaries to the 
St. Lawrence River in terms of levels of PCB contamination in fish. In the current study, 
concentrations of EPCBs in livers of fish from the lower Noire and Yamaska Rivers (178 and 
81 ng/g, respectively) were comparable to those observed in livers of i burbot (Lora Iota) from 
the most remote Arctic locations -sampled by Muir et al. (1990) in 1985-86 (99 to 132 ng/g wet 
weight, converted from lipid weight basis). Similarly, concentrations in dorsal muscle ( s 5.7 
ngl g) were about the same as those reported by Sanchez et al. (1993) for dorsal flesh of brown 
trout (Salmo trutta) from two remote lakes in Spain (2.5 to 5.0 ng/g). Much higher levels of 
2PCBs have been found in fish from the Great Lakes. For example, Niimi and Oliver (1989) 
reported 300 to 4000 ngl g in muscle tissue of various salmonids from western Lake Ontario in 
1981-82, Williams et al. (1992) found 140 to 2100 ng/g in trimmed fillets of Lake Michigan
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chinook salmon (0nc0rhym:hus tshawytscha) in .1988--, Janz etal. (1992) observed 751 ng/g PCBS 
in dorsal muscle and 556 ng/g in livers of rainbow trout (Onmrhynchus mykiss) from eastem 

Ontario in 1989 and Koslowski et al. (1994) reported concentrations of=336 to 780 ng/g 
PCBs in livers of gizzard shad (Dorosoma depedianum) collected from the western basin of Lake 
Erie in 1991. 

Phillips and Rainbow (1993) considered it unfortunate that most studies of PCB levels 
in freshwater organisms have not included information on homologue (i.e-. congener class) 
distributions. They believe that such data would improve our understanding of PCB kinetics in 
aquatic ecosystems and assist defining the toxicological risk posed by PCB residues in the 
environment. Available studies have shown that the removal or reduction of a source of PCBs 
will lead to a shift over time towards the predominance of the more highly-chlorinated PCBs in 
biota, due to the greater environmental persistence of these compounds (Phillips and Rainbow 
1993). Metcalfe and Charlton (1990) demonstrated this phenomenon in a study of PCB residues 
in freshwater mussels from the St. Lawrence River. In a heavily industrialized stretch of the 
river with several known sources of PCBs, di-, tri- and tetrachlorobiphenyls accounted for over 
50% , pentachlorobiphenyls for about 25 % and hexae and heptachlorobiphenyls for only 20% of 
the ‘EPCB burden in resident mussels. Upstream of this area, where mussels were exposed only 
to the background influence of Lake Ontario, these proportions were 8%, 29% and 48%, 
respectively. Hexa- and heptachlorobiphenyls accounted for 70% to 81% of ZPCB 
concentrations in the fat of Yamaska River fish, suggesting exposure to significantly weathered 
sourcesof PCBs, especially at site l_3._ By contrast, only 43% of the EPCB residue in Lake 
Ontario salmonids (both whole fish and muscle) was attributed to these two classes (Niimi and 
Oliver 1989). A somewhat different distribution pattern may be seen in organisms living in 
remote locations, where the primary source of PCBs i_s atmospheric rather than aquatic. The 
less chlorinated PCBs are more readily transported via precipitation ‘(Sanchez et al. 1993), and 
this is reflected in biota. For example, Muir et -al. (1990) found that tri- and 
tetrachlorobiphenyls accounted for 14% to 20% of ZPCB residues in livers of burbot from the 
Canadian Arctic vs. only 5% to -11% in more contaminated samples from Manitoba and 
northwestern Ontario. Similarly, Sanchez et a_1. (1993) observed approximately 26% tri- and 
tetrachlorobiphenyls in brown trout from remote Spanish lakes. ' 

PCB congeners 28, 110, 118, 138, 153 and 180 are major components of technical PCB 
mixtures, and are frequently» found in- abiotic environmental samples; however, due to the 
process of metabolic breakdown, significantly different congener patterns may be observed in 
biota (de Voogt et al, 1990). Several studies (Niimi and Oliver 1989; Janz et al_. 1992) have 
shown that congener patterns are consistent between tissues (e. g. whole fish, muscle, liver) and 
among species of fish from a given location, indicating that comparisons among studies on 
different species and/or sample types are valid. The dominant congeners found in fish from 
Widely different geographical locations are remarkably similar. Dominant congeners in Yamaska 
River fish were 153, 138, 180, 187 and 87 at both study sites, and also 182 at site ~13 and 1.18 
and 170 at site 10. Congener 153 was the most important congener, accounting for about 15% 
to 25% of the EPCB residues in individual fish. Niimi and Oliver (1989) determined 
concentrations of 92 PCB congeners in Lake Ontario salmonids, of which 37 were in common
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with the current study". Congeners 84, (87 & 97), 101, 110, 118, 138, 149, 153 and 180 
accounted for 50% of EPCB -residues and congeners 66, (70 & 76), 95, 105, 146, (182 & 187) 
and (170 & 190) were next in significance-. Muir et al. (1990) and Gagnon et al. (1990) 
investigated the same set of 51 congeners as the present study. Muir et al. (1990) found that 
congeners 153, 138, 180, 118, 101 and 170, in that order, were thedominant congeners in 
burbot livers; congener 153 accounted for 42% of the EPCB residue in 68 samples. Gagnon et 
al. (1990) analyzed whole adult smelt (Osmems mordax), tomcod (Microgadus tomcod) and 
capelin (Mallotus villosus) from the St. Lawrence estuary, and found that '13 congeners 
accounted for over 50% of EPCB concentrations. In order of dominance, these congeners were: 
153, 138, 118, 101, 180, 182, 183, 187, 49, 203, 44, 87 and 137. Janz et al. (1992) 
determined, residues of 24 congeners (21 in common with the present study) in muscle and liver 
of rainbow trout from eastern Lake Ontario, and identified congener 153 as dominant (18% of 
EPCBS). Other important congeners in order of significance were: 138, 110, 180, 118, 180, 
101, 170, 87, 196, 201 and 105. Finally, Kucklick et al. (1994) analyzed whole whitefish 
(Corogonus autumnalis migratorious) and sculpin (Comephoms dybowskii) from Lake Baikal in 
central Siberia for 61 congeners, including 27 in common with the Yamaska River study. The 
most significant congeners were 101, (118 & 149), (105 & 1'32 & 153) and 138, One interesting 
difference between studies and the present study was in the relative importance of congener 
101. This congener was never found in any sample from the Yamaska River, but. was an 
important constituent of EPCBs in fish from all other locations. ' 

Differences in PCB congener patterns in fish between sites in the Yamaska River system 
appeared to be subtle, but may nevertheless be of toxicological significance. A brief background 
on the relative toxicity of PCB congeners- is presented here; the reader is referred to de Voogt 
et al. (1990) for a detailed discussion. Organism-level responses to PCB toxicity are preceded 
by the induction of enzyme (mixed-function oxidase or "MFO") systems in the liver that convert 
PCBs to more water-soluble metabolites for elimination. PCBs have both phenobarbital (PB)- 
type and 3-methylcholanthrene (MC)-type inductive properties. Fish are insensitive to PB-type 
inducing compounds, probably due to the absence of isozymes homologous to those found in 
mammals (Janz et al. 1992). Thus, the 17 congeners which exhibit MC-type or mixed PB/MC- 
type activity are of toxicological significance to fish. The coplanar congeners, i.e. those which 
are substituted in both para and at least two meta positions, are ‘MC§type inducers and -are the 
most toxic-. These are congeners 77, 126 and 169. Congener 81 also has this structure, but is 
thought to be less toxic (although Harris et al. 1994 have recently shown otherwise). The mono- 
ortho substituted PCBs 105, 114, 118, 123, 156, 157, 167 and 189 are mixed-type inducers and 
are the next most toxic congeners. Five of the di-ortho substituted PCBs-, namely 128, 138,- 158, 
166 and 170, are also mi'xed—type inducers. The toxic congeners 77, 105, 114., 189, 118, 128, 
138, 1.56 and 170 were sought in the present study, and the latter five were detected. The two 
most toxic congeners, 118 and 156, were found only at site 10 where they accounted for 7% to 
15% of the EPCB residue in the fat of individual fish. Congener 118 has specifically been 
shown to induce the cytochrome P450 system in rainbow trout (Skaare et al. 1991). The five 
toxic congeners together constituted, on average, a higher proportion of EPCB concentrations 
in the fat of fish from site 10 (28%) than site 13 (17%).
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’ Comparisons of the relative proportions of toxic QPCB congeners in fish between this and 
other studies are limited to the subsets of congeners in common. Congeners 77, 105, 1'14, ‘118, 
156 and 189 accounted for an average of 10% of 2PCB concentrations in trimmed fillets of Lake 
Michigan Chinook salrnon et al. 1992) and 4% in eggs (Williams and Giesy 1992) vs. 
12% in fat of fish from site 10 on the Noire River (none found at site 13). Janz et al. (1992) 
found that approximately 15% of EPCB concentrations in both muscle and liver of rainbow trout 
from Lake Ontario could be attributed to congeners 1'18, 138, 156 and 170. These congeners 
accounted for a similar proportion of EPCB_s in fat of fish from site 13, but a substantially 
greater percentage at site 10 (26%). According to Niiniiend Oliver (1989), congeners 77, 105, 
118, 156, 12.8,, 138 and 170 represented 17% to 18% of )JPCB concentrations in whole fish and 
muscle of Lake Ontario salmonids. Proportions of these toxic congeners were again at 
site 13 (17%) but much higher at site 10 (28%). Yamaska River fish were much less 
contaminated with PCBs than Great Lakes salmonids, yet those from site 10 appeared to contain 
relatively higher proportions of the toxic"congeners. The most potent (PCB congeners are known 
to be among the most resistant to degradation (Williams and Giesy 1992), thus they might be 
expected to occur in higher proportions in weathered samples such as those from the Yamaska 
River. .A similar observation led Phillips and Rainbow (1993) to caution that a decline in total 
concentrations of PCBs in the environment may not necessarily lead to a proportional decline 
in toxicity. 

A

. 

Concentrations of EDDT in Yamaska River fish were similar to those reported in recent 
studies elsewhere. For exa_mple, average concentrations in livers of fish ‘from sites 13 (48 ng/g) 
and 10 (248 ng/g) were to the range of 15 to 480 ng/g observed by Muir et al. (1990) 
in livers of burbot from northwestern Ontario and the Arctic. Sanchez et al. (1993) reported 
3.81 ng/g ZDDT in dorsal muscle of brown trout from remote Spanish lakes, which is about the 
same as the average value for dorsal muscle of ‘Yamaska River fish (2.85 ng/ g). Concentrations 
in dorsal muscle of Lake Ontario salmonids (52 to 618 ng/g; Niimi and Oliver 1989) appeared 
to be several orders of magnitude higher than in Yamaska River benthivores, however, this may 
be due to higher lipid levels in the flesh of salmonids. Liver tissue would provide a more direct 
comparison. In fact, Janz et al. (1992) recorded average lipid contents and EDDT 
concentrations of 3.8% and 1_23 ng/g-, respectively, in Lake Ontario rainbow trout, whereas 
3.-6% lipid and 248 ng/g };D1)T were observed in livers of Yamaska River fish from site 10. 

The ratio of [DDE]/[EDDT] in environmental samples may be used as an indication of 
the extent of degradation of DDT,_with ratios greater than 0.70 typically encountered infish 
"...'in the absence of recent or continued inputs of DDT to the aquatic environment." (Sanchez 
et al. 1993, 275). Ratios observed in the present study (0.85 and 0.93 for sites 13 and 10, 
respectively) were very similar to those reported for fish from various other locations, e. g. 0.82 
to 0.92 (Sanchez et al. 1993), 0.47 to 0.92 (Muir et al. 1990), 0.76 to 0.88 (Niimi and Oliver 
1989) and 0.81 to 0.85 (Janz et al. 1992). According to Sanchez et al. (1993), such ratios are 
consistent with chronic, uptake from very weathered sources. In contrast, Kucklick et al. (1994) 
observed ratios of 0.40 in planktivorous sculpin and only 0.15 in whitefish from Lake 
They attributed this finding to the continued use of DDT in Asia. .

,
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The Yamaska River system appears to be less contaminated with DDT -and PCBs than 
it once was. The most compelling evidence of this is the substantial decline in average 
concentrations of EDDT and 2PCBs in the flesh of a wide variety of fish species from 120 nglg 
and 590 ng/g, respectively, in 1977-78 (Harvey 1979) to 21 ng/g and 39 ng/g, respectively, in 
1986 (Paul et Laliberté 1989). Although the dorsal muscle samples analyzed by Paul et 
Laliberté (1989) might be expected to have 40% -to 60% lower concentrations of organic 
contaminants than the untrimmed fillets analyzed by Harvey (1979) (see Williams et al. 1992), 
levels of EDDT would still have been 2 to 3X higher and EPCBs 6 to 9X higher in 1977-78. 
Changes in the ratio of [DDE]/[EDDT] in fish over time also suggest reduced input and/or 
increasing degradation of DDT. Ratios could not be determined from Ha1vey’s (1979) data; 
however, data from other surveys showed a steady increase in the average ratio of 
[DDE]/[EDDT] from 0.41 (0.25 to 0.66) in 1978 (Laliberte et Goulet 1983)., to 0.53 (0.38 to 
0.73) in 1980 (Paul et al. 1984), to 0.75 (0.40 to 1.0) in 1986 (Paul et Laliberté 1989). 
Maximum concentrations of 5.2 ng/g EDDT and 5.7 ng/g EPCBs in edible tissues (dorsal flesh) 
of fish collected during the present study were two to three orders of magnitude lower than 
Health C_anada’s human" consumption guidelines of 5000 ng/g EDDT (J .W. Salminen, Health 
Canada, pjers. cjomm.) and 2000 ng/g EPCBs. Despite this general trend towards‘ decreasing 
pollution in the Yamaska River, the current study demonstrated that bottom-feeding fish from 
the lower Noire River were significantly more contaminated with DDT .and PCBs than those 
from the lower Yamaska River. This is supported by Paul et Laliberté (1989), who reported that 
30 to 3.5 cm smallmouth bass collected from St-Pie in the fall of 1986 contained twice as much 
2IPCBs and 6X as much ZDDT than those from the mouth of the Yamaska River, although no 
difference between sites was observed for yellow perch. Fish from site 10 exhibited a less 
degraded pattem of PCB congener class distributions and contained nine more PCB congeners, 
including several of the toxic congeners, in their visceral fat than fish from site 13. They also 
had lower lipid contents and were generally in poorer condition. Further investigation of the 
sources and effects of persistent organic contaminants in the Noire River basin may therefore 
be warranted. 
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Table 5. 

Fish 
compared 
‘13-1 & 1,3-2 
13-1 & 13-3 
13-1 & 13-4 
13-1 & 13-5 
13-2 & 13-3 
13-2 & 1,3-4 
13-2 & 13-5 
13-3 & 13-4 
13-3 &- 13-5‘ 
13-4 & 13-5 

Fish 
compared 
10-1 & 102 
10-1 & 10-3 
10-1 & 104 
10-1 & 10-5 
10-2 & 10-3 
10-2 & 10-4 
10-2 & 10-5 
10-3 & 10-4 
10-3 & 10-5 
10-4 & 10-5 

Comparisons of PCB congener rankings in fat of fish within and between study 
sites, using Spearman’s rank correlation coefficient (r,). 

Within Site 13: 
Value of 
r. 
0.903" 
o.575* 
0.053 
0545* 
0.676" 
0.241 
0.703** 
0.029 
0.371

4 

0.047 

Number of 
congeners 
20 
21 
20 
20 
2 1 

2 1 

20 
19 
20 
14 

Within Site 10: 
Value of 
II 
0.491** 
0.658'*‘* 
O.678** 
0.064 . 

0.s46** 
0.619*9* 
0.277 
0.4ss** 
0.262 
0.178 

Number of 
congeners 
29 
28 
29 
27 
29 
30 
29 
30 
27 
29 

Fish 

1'T:55GC$§ 

week? 

8. 
- 10-1 
- 10-2 
- 10-3 
- 10-4 
- & 10-5 

13-2 & 10-1 
13-2 & 10-2 
1-3-"2 & 10-3 
13-2 & 10-4 
13-2 & 10-5 
13-3 & 10-1 
135-3 & 10-2 
13-3 & 10-3 
13-3 & 10-4 
13-3 & 10~5 
13-4 & 10-1 
13-4 & 10-2 
13-4 & 10-3 
13-4 & 10-4 
13-4 & 10-.5 
13-5 & 10-1 
13*-5 & l0-.2 
13-5 & 10-3 
13-5 _& 10-4 
13-5 & 10-5 

Between sites: 
Value of 
rl 
0.44s* 
0.4s4* 
0.349 
0.537** 
0.054 
0.379* 
0.475* 
0.312 
0.437* 
0.075 
0.415* 
0.549** 
0.409* 
0422* 
0.103 
0.067 
0.178 
0.161 
0.020 
0.271 
0.206 
0.323 
0.141 
0.315 
0.-106 

Number of 
congeners 
-27 
29 
29 ' 

29 
22 
28 
30 
29 
29 
2,3 
27 
29 
28 
29 
23 
26 
28

' 

27 
29

. 

21 
27 
29 
29 
29 
21 

* significantly correlated @ p < 0.05; ** -significantly’ correlated @ p < 0.01.



Y

K

I 

1

1

1

1

1

I 

Table 6. Lipid contents of fish tissues (mg lipid per gram wet tissue) and general condition 
of fish from sites 13 and 10. ' 

Tissue/Index 
Fat 
Liver 
Gonad 
Kidney 
Spleen 
Gall bladder 
Muscle 
Kb 
Liver index‘ 

‘CV = coefficient of variation (SD/mean); “K (condition factor) = body weight in grams X 
(l0)5/(total length in mm)’, after Carlander (1969); ‘Liver index = lipid content of hver as % 
wet weight.

1 

Site 13 Site 10 
Mean (CV)' Range Mean (CV) Range 
466.3 (0.40) 201.8-154.5 . 410.5 (0.22) 308.9-@5129 
88.2 (0.66) 
20.0 (1.12) 
41.2 (0.36) 
11.4 (0.62) 
14.5 (1.01) 
-12.9 (1.11) 
1.31 
9% 

25.4 - 189.9 36.3 (0.58) 16.0 - 63.2 
0.8-60.8 ~ 32.4 (0.54) 11.4-66.1 
18.3-63.1 1 15.1 (0.31) 6.8-20.8 
1.0 6 20.8 9.2 (0.65) 2.0 - 19.1 
1.6 - 44.2 1.2 (0.88) 1.6 -» 18.8 
0.-5 - 31.6 0.8 (0.63) 0.2 - 1.1 
1.20 -. 1.61 1.13 1.03 - 1.31 
3% - 19% 

L 

4% 2% - 6%



31 

_ Figure Captions 

Figure 1. Locations of the two study sites in the Yamaska River basin, Québec. 

Figure 2. Distribution of PCB congener classes in fat of fish from the two study sites: (a) 
fish 13-1, 13-2, 13-3 and 13-5 (in order shown); (b) fish 10-1, 10-2, 10-3 and 10- 
4 (in order shown); (c) fish 13-4; (d) fish 10-5. ‘

F
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