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2 ABSTRACT 
. 

"

. 

In chapter 1 the results of the organochlorine and heavy metal residues in young—of—the=year spottail shiner and yellow perch are discussed. Within the framework of the Inland Waters Directorate’s, Quebec Region, mandate for the study of toxic chemicals in the St.Lawrence River, young—of-the-year fish have been sampled during September 1986 as the continuation of a pilot study which had been carried out in 1984. Its aim is a further evaluation of the use of young—of—the—year fish as a bioindicator for ambient concentrations of organochlorinated contaminants and heavy metals in the water column and their spatial distribution throughout the river. -

~ 

_In the St.Lawrence River spottail shiner (Notropis hudsonius) and yellow perch (Perca flavescens) were found to be the most suitable species, because they are ubiquitous, abundant and easy to identify. 
A total of 33 stations -in the St.Lawrence River and certain tributaries between Beauharnois and Trois—Rivieres have been sampled. In particular, Lake St.Pierre was highlighted. At 19 stations, either spottail shiner or yellow perch were analysed, while at 3 stations it was possible to analyse both species, so a comparison of their bodyburden contents could be made. For both spottail shiner and yellow perch the variation in bodyburden contents of contaminants between replicates at a sampling site were small. ‘

‘ 

The results show that there are point sources of mercury and HCB in the St.Louis River and a point source of cadmium in the Beauharnois Canal. At 18 of the 22 stations, PCB levels in the fish are above the aquatic health protecting guideline of 0.1 mg/kg fish (wet weight). 
Because spottail shiner is not present at every site, yellow perch was also sampled, and ’the relationships between contaminant concentrations in both species were investigated, based on results from this study and the 1984 pilot study. It was found that yellow perch is a good replacement species for spottail shiner, especially for the organochlorinated contaminants and mercury, and bodyburden contents seem directly comparable. For the other metals, either a conversion factor is necessary, or no correlation was found. 
Nickel and chromium were found to be spatially highly correlated, as were selenium and PCB’s. The organochlorinated contaminants were correlated with the lipid percentages only in the case of spottail shiner. 

y

' 

Length and lipid differences found between the sampling sites are making the comparison between stations more difficult, since organochlorinated contaminants were found to correlate with length and lipid within a station. ' 

i

- 

In chapter 2 the result of the backbone analyses for yellow perch are discussed. ' Backbones were analysed} for collagen and hydroxyproline contents, because these concentrations can be altered
ii
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through exposure to contaminants. In this study, no differences were 
found between a reference (clean) and a more polluted station, nor any 
correlation between pollution and deformities of the backbones 
(investigated by means of X-rays); The results may have been 
influenced by the heterogeneity of the batch, but the variation found 
between replicates within a fish and within a yearclass at one station 
were quite high, which affects the sensitivity of the tool. 
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ORGANOCHLORINE AND HEAVY METAL RESIDUES IN 

YOUNG—OF-THE-YEAR FORAGE FISH 
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1.1 INTRODUCTION , 
V 

‘» .

- 

The following description of the St.Lawrence River is derived 
from SLOTERDIJK (l987).* The St.Lawrence River is one of the major 
rivers of North America, and flows for about a 1000 km between the 
Great Lakes ‘and -the Atlantic Ocean (figure 1). It is formed by the 
discharge of Lake Ontario, which is known for its highly contaminated 
character (NRIAGU & SIMMONS, 1983), -A.major tributary, the Ottawa 
River, enters the St.Lawrence just before the Montreal Island, and 
remains a very distinct water mass with a lower conductivity and 
higher turbidity (GERMAIN & JANSON,l984). It mixes only partially 
with the water of the St.Lawrence iRiver, originating from Lake 
Ontario, thus forming a central intermediate third. water mass. The 
two original water types do not fully mix until Portneuf, 150 km 
downstream, where the tidal influences causes current reversal. This 
difference is of great importance, since the Ottawa River transports 
less contaminants than the water coming from .the Great Lakes (Lake 
Ontario). 1

' 

The main sources of pollution, which influence the water quality 
in the St.Lawrence River, are the industries around the Great Lakes in 
both the United States and Canada, and the industrial activities of 
the Montreal—Sorel corridor. Indeedm, the Great Lakes Basin, 
including the international section of the St.Lawrence River and the 
Montreal—Sorel corridor, is considered to be the industrial heartland 
of North America. » 

Since half of the population of the Quebec Province is dependent 
on the river's water quality for drinking water and recreational 
activities, it has been studied since the beginning of the seventies 
(ANONYMOUS, l978a), although water samples were already taken before 
that period (JANSON & $LOTERDIJK, 1982). 

~ Because water samples supplied only a part of the information on 
the presence and behaviour of toxic chemicals in the St.Lawrence, 
sediments (e.g. JARRY, 1986; SLOTERDIJK, 1984) and fish_ (e.g. 
SLOTERDIJK, 1977) have also been analysed.p In the latter instance, 
the muscle tissue of adult fish was analysed to supply information on 
the bioavailability, bioconcentration and spatial distribution of 
toxic chemicals in the St.Lawrence River. 

The variation, however, in contaminant residues concentrations in 
adult fish at one sampling site were found to be very large. 
Therefore, a preliminary study was carried out in 1979 to investigate 
the 'possibility of using forage fish as a biomonitoring.tool in the 
St.Lawrence River (GUAY, 1979).. Young-of—the—year spottail shiner 
(Notropis hudsonius (Clinton)) was already being used as an 
bioindicator for toxic substances in the Great Lakes (SUNS & REES, 
1978); Forage fish is a general term used to describe young fish and 
cyprinids, which form an important food source for larger or" older 
piscivorous fish_ species. GUAY (1979) found that besides spottail 
shiner, yellow perch (Perca flavescens (Mitchill)) was present at most 
sampling sites and could therefore be a replacement species at 

. _ 2 _v
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stations where the former would be absent. Consequently, both species 
were chosen as a tool to investigate the bioavailability and spatial 
distribution‘ of organochlorine residues and heavy metals. An 
important aspect, besides their omnipresence, is that they are also 
very easy to identify in the field. In general, minnows (Cyprinidae) 
are difficult to identify, but spottail shiner has a large black spot 
on its tail by which distinguishes it from all the other minnows. - 

The forage fish should be sampled during a period of a few weeks in- September at the end of their first growing season, because they have stayed the whole summer at the same site, and‘ have had the 
maximum time available to accumulate contaminants.. The young fish begin to migrate to deeper water in October through which the 
catchability declines; in the 1984 study there was more effort needed 
to catch the forage fish in October than in September (GUAY..& 
DANDERAND, 1986). Since it was clear from the 1984 study, that most 
contaminants are concentrated up to a level well above the detection 
limit, it is not necessary to postpone the sampling until May of the following year to increase exposure time, before the new yearclass 
hatches. 6 

In 1984, young—of—the—year spottail shiner and yellow perch were 
for the first time used as bioindicators of toxic chemicals in the St.Lawrence River (GUAY & DANDERAND, 1986). The results of this pilot study were very encouraging, as it supplied additional and new information on the behaviour of contaminants in the aquatic system; 
furthermore, variations within one sampling site were considerably smaller than found in adult fish and it was possible to detect significant differences between stations which were located very close 
to each other.

_ 

The present study of the forage fish, carried out in 1986, formed 
a part of the monitoring program in the St.Lawrence River by Environment Canada. In 1986, the objective was to study Lake 
St.Pierre in more detail and besides forage fish, adult fish and 
sediment sampling also took place (HARM SLOTERDIJK, pers.com.). The sampling strategy for forage fish in Lake St,Pierre consisted of sampling upstream, within, and downstream of the lake as well as, at the mouth of the most important tributaries. To correlate bodyburden 
contents 
not the 
river is 
directly 
St.Louis 
elevated 

in forage fish with sediment contaminant levels was, however, main objective of the overall activities in Lake St.Pierre (a 
an open flowing system and sediments are considered not to be 
related to the above water). The south shore of Lake was sampled again, because GUAY & DANDERAND' (1986) detected 
levels" of HCB, PCB’s and mercury in this area. The sewage outfall of the Montreal Urban Community at Ile Ste.Therese was sampled 

in order to investigate the impact of untreated sewage on the presence 
and bioaccumulation of toxic chemicals; 

_.3_.
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1.2 MATERIAL AND METHODS 

ij Sampling Program Of The Forage Fish

e3 

>. .

Q 

‘U
1 

'—i 

1.2.1.1 Selection Of The Stations 
Sampling took place between the 2nd and 27th of September, 1986, 

and was carried out by contract (Environnement Illimitée of Montreal) 
with field assistance from the author. Some tributaries on the south 
shore were sampled by Environnement Quebec (table 1). A total of 34 
stations were selected (figure 2): stations 1 to" 4 (Lake St.Louis) 
were chosen because of high bodyburden contents of PCB’s and Hg in 
1984 (GUAY & DANDERAND, 1986); sampling of stations ll to 17 was to 
investigate the influence of the Montreal Urban Community (MUC) sewage 
outfall; stations 21 to 35 and 41 to 47 were selected for the spatial 
trend study on Lake St.Pierre: 21 to 35 represent the stations in the 
river where 41 to 47 were in the tributaries near the mouth; finally, 
station 48 was selected to measure the input of the Assomption River 
into the St.Lawrence one the north shore, just downstream of the 
Montreal Island. _Station 27 was sampled twice, once at the beginning 
and once at the end of the sampling program, to measure the change in 
bodyburden content during this period. ' 

_4_.,



".1 

Ii 

jg

i 

. | 

-. ._., 

ii 
»-- 

=_' 

T-3 
*3 

_ . _ , »__. _‘_ 
. ‘Ln;""‘~- . _ _ _, ,____,_._._. _ < _ . ..~._._.,.>...-._\...'-s.-.-..._\.».. Y’ . ...._._ ._.\ _ __ _ _ 

.~... . .. »-.-.-.»:=-_~1,-<.\..:=_-an....-~,an.;~ .;.._...--.,.... _ - . _ V 

0-1 ll K3" 

.- 

_ L 

spec 
?P = 

{F (I. 
pl- 

I)§Il.'I 

.r- 

0.) 

I:-J 

v-' 

ll 
I2 
1'3. Ju 
13 
1|- 
L3 
15 
1? 
11 -- 
7? -- 
no 
'5 :4 
.- 5 ,'..! a-.4 
q.- M3 
»-sq 
-.¢_' 

H11 
A-lo 

fin 
iii; 
I-1 .Q -. 

Ln.) 

Lo.) 

OJ 

I‘-J 

I-I 

CI? 

ti 
I 

ILJ 

J» 

Li) 

11.0 

5”‘ 

L91 

J» 

42 

.> 

4» 

uw.> 

on 

an 

4» 

cu 

47 
48 

ID

I 

1'4 - 

Pb |.'.'J 

LT) 

"1 

vi‘ 

A1 

r'J 

-:* 

IT 

l-*- 

rl 

IJ ‘J 

ie: 
\< 

‘cl -. 
.._. r.) 1: ’lT.J T -1 _-- :.:h. 

F4 L’! II ;_4 Cl (W in C-0~ 

,_.. KTI L1 

Melochevi1le' 
upstream Union Carbide 
downsireem Union Cs 
St.Lnuis River 

".1 K3" 

,_

. 

CL m 

ro- -1 19- TU :' -_ 1- =te.Th_ s 
-I-1-\~H- ¢-_ 

P6 

-n 

l—O 

»-0 

‘.4 

,__. 

,__. 

III 

I'D

U 

J 
'<_': 

LT] 

U’) 

ll 

c+~ 

:1- 

1,

.

. 

>0

- 

r-I

u 

If 

If 

(U- "1 (D-' I

C ‘CI
I

I <-*- >~J U '1.-
. 

LU

0 

,_.: 

- 

\ 

—

~ 

|-0 

._

_ 

1 

ITJ 

“U
3 

'5: 
. ré -.-_ .. 

'\ - _ 
. ;=EiEU?l:P: I‘ 

J41

1 r
fi 

_

. 

I1‘ 

I 

('5' 

r1 

w- 
11'). :_'l 

~< .95. 
*1 

"I I ' ..'. C 
- '- ulh_ 

l"" 

0-o 

-0 

v- 

-I 

v--

I 
I'D 

U’! 

n'__ 

<~>‘ 

\._ 

.- fj 

K11.‘ 

f_'j 

P1 

"J 

in 

,0 

in 
..‘| Z3 

ERG?ElE 
,_ ID II [T11 >-1K a II 

_, . 
,_ W L.-,1.-.: 
-1]-4‘-. -. A I- 

£0 

0-0 

<¢- 

»-

I 

‘U 1 .-~. 
EL.‘ Tl 

J’) 

‘I 5'. 

_Y 

[ 

»-~ 

.--~. 

/'\

- 

-.0 

re 

m. 

:5 

to 

r-1

- 

'4' 

:3‘

U 

D‘ 

~J 

(U 

,._. U 

‘T es: 
-'\ - L - »-~-\-'- -1"!--:..1-_ nu: :3. '..m1- -‘A .. 

50:22 - Rance? 
S0"=l i_. 
§:_._. .-\. 

I- 

KI‘: 

T5: 

(T) 

(J 

fl 

*1 (-4- 

I‘
1 

:1’

| 

‘CI _- J‘ lL-_ - 

?rsi=- :1 ,.. J ff -1 r[\ u: 

v-I >1 
;4:J , 

.. 

<1 (D .- 

- JL' .. 01:‘ ;:2 * ' 

‘I-1 

t_< 

r-4 

ll. 

ll 

7'7 

I-7*" 

I'D 

I1] 

7.!) 

KT) 

U1 

r"' 

<-'- 

r'I' 

r: 

-. 

I

- 

>6 

"C7 

'17 

,.-.

< 

‘.1. 

,4. 

FD 

U 
m 

‘"1 

'1 

*3 

»»; 

>1 

W, 

I'D 

[U 

TD 

I. 

.»\ 

p-

Q 

Iii 

‘J 

(J

D _&ke. _ __ 

1'1 
I)" 

I'D 

ul 

5‘-' 

'-‘ 

<+ 

2' 

-u 

»-- 

~I'.i

I 

“' 

PU 

[3 

BY." 

I: 

>—- 

H 

H‘- 

<I'. 

u‘! 

<1 

-5!! 

m

r 

H. 

-1 

ad 

>-1 

-'2 

|-1» 

.111

€ 

"1 Ki . : 

Yams; : 

St.Er 
' 

. er 
Hicule. v_ _ 

Bayonne xiver 
Haskinongé Ri 
du Leup River 
Assumption River

6 ~a 

-.1

u 

IJ 

II‘ 

'1 

= t . - thiarville) 
Zssezh de-Sore} idcunzireas 

2:21 ifiswnstreas ?i:v**'* ii l_ 

-= r=v". 1-‘1:.'| . -...».. .1 

nfi fisfiuqws}

~ 
(.3 

ll’) 

(71 

C1 

IIIZ. 

CI 

<~l— 

‘>1- 

‘:r 

:r

w >1

m 

n

1 

:'r 

Z71‘ 

‘If

u 

(J. 

KY3 

Cl 

EB 

-4 

>1 

>-, 

;D 

D 
In 

no 

~_,- 

\.-

V 

r-~ Ll 

L... 

‘IQF {U 

U‘ 

-../~ 

IT IIJ >., ID -__, 

r-11 ,_,. 

LIJE <2: 

1.2.1.2 The Fishing Gear 

oxide) 

aches? 

t»: 

to 

hi 

DJ 

ID 

U: 

I“! 

L':1 

D1

u 
*1 

'-0 

*0 

(13 

11,1 

cm 

cw 

ch 

cr- 

,|;T“- 

r_1\ 

22-s---
' 

E5-SE?-36 
25-SE?-56 
E5-SE?-B6 
E5-33?-Q5 
Z€~SE?~36 
na_~:fi_ r nu 2:.-I 30 
n rww-_-\ 45-::f :6 
~ r-fir‘ r\' 13-225-ib 
13-SE?-36 
Q?-E3?-35 
Q9-5z.'o6 
2?-32?-86 
10-E3?-E5
J 

1 
1.? 

II 

1:-a:?~sa 
2?-s;?<as 
11-2:?-as 
11-SEP-B6 
15-BE?-E6 
1?-es?-as 

-Cfl"J..‘“ 
-.1..." ,...4 *\1 

.1 

C1. 

‘U 

(II :‘ 

Cl] 

:1‘ 

lqf. 

T 
TU 

UT 

l:l. absn 
l6‘3c.- 
16-SE?-36 
10-SE?-E5 
04-S3?-36 
o_c:2_o’ Qu =u_ JD 
17-SE?-85 
11-BE?-86 
15-SE?-SB 
16-BEP—96 
10-SE?-36

s
,2
s

s 
s

5
C-

s

5 

s
C- 

5 
C. 
f..
C.

a
,3
5

s

2

s

s

s

s 

5
S
5

C

S
S

S 
E .

E 
5+9

E 

' list with sampling date; semgling agency and selection if station and 
_ . _ . , . ,. . , I 

. . _ _ F L . 

ElC:l analysis. s = seine iishing; e = eieetrofishing, as = =po»tr shinsr; u. ‘.1 
;_; 

_ ' 
_.. 

i‘ :-. i 4-. ‘n I""'-_I1\‘ 1' Vrn.'I*n .4:-.51’ ‘P .=mpl.n; Envi.o¢H=len, .“¢.i.nn__=n. 
= e Illimitée Quebec ans d,t _,A ~ 

_
- 

F7 Z)‘ I'D 

>-I 

LB 

<1 

H
. 

III 

Tl 

I-'

- 

in 

_n 

F4 

S5 

:2 

E5 
SE 
55 
SE 
ES 
SE 
SE 

ES 
SS 

E5

1 1 
'15 

::#-.1: 1-/' 1v 

-C 

‘-C 

‘CF 

L"! 

E§+?@ 
Y? 
Y? 

as 
Y? 
I1 + ~¢ ~u 

?P 

Pace l-5 

Fishing was carried out with a 30.5 seine, which had a 2 4 
cubic metre bag (codend) with a mesh width of 0.64 centimetre. When 
the water was deeper than l metre, the seine was pulled on the one end 
by a boat and on the other end by walking. In shallower water both 
ends were pulled walking. 
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Besides using a seine, electrical fishing gear was- also _tried 
out. Environnement Illimitée used a Smith Root GPP 5.0 for the 
electrofishing. The electric field of this equipment has a radius of 
about 5 metres. With the electrofishing a greater’ area can-be 
screened faster, but fishing with a seine seemed more efficient under 
the circumstances (low current, high turbidity). Environnement Quebec 
used electrofishing for catching, whereas Environnement Illimitée used 
the equipment only- for localizing concentrations of the fish (table 
1). A

A 

1.2.1.3 The Sample Composition 
To be sure the sample consisted only of young-of—the-year fish, 

spottail shiners smaller than 60 mm and yellow perch smaller than 80 
mm were selected. This selection was made based on the results of 
scale readings carried out during the l984 pilot study (GUAY & 
DANDERAND. 1988). 

Since 5 replicates per station for chemical analyses was the 
objective, the minimum total amount of fish per station needed was 250 
g per species. When, however, more fish could be sampled, without 
much effort, the amount caught per station was increased. This 
surplus could be used to gain more insight into the forage fish as a 
biomonitoring tool. ’ 

1.2.2 Preparation Of The Samples . 

After capture, the fish were packed in hexane—rinsed aluminium 
foil and frozen in coolers on dry ice. In the laboratory random 
samples of 50 g were taken from the total catch per station 
(well—mixed) for chemical analysis, and the total length was measured 
for every fish. For spottail shiners, the total length is a better 
measure than the fork length, because the tail is very often split 
(McCANN, 1959). . 

_ 4 

Table l lists the stations for which forage fish were analysed. 
Per station, 3 to 8 samples were submitted to be analysed. For a few 
stations, samples were also made up of 0.5 cm interval size groups, to 
investigate the correlation between length and contamination within 
one station. For spottail shiner, 4 size groups of between 35 to 55 
mm were prepared from fish taken at station 16, while for yellow perch 
6 size groups of between 55 to 85 mm were taken at station 28. A 
total of ll5 samples were prepared for chemical analysis, the limiting 
factor being analytical credits (National Laboratory) and budgetary 
allowances (private laboratory). Sample selection was optimized to 
obtain maximal spatial coverage, retain statistical reliability, and 
obtain some detailed comparative analyses (e.g. species comparison 
and length-contaminant relationship). - 
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1.2.3 Analysis 
1.2.3.1 Homogenization 

Before analysis, the samples were homogenized by means of a 
Polytron homogenizer, type PT_ 10/35, for' 3 to 5 minutes. The 
homogenization was carried out by Novalab Ltd, a private laboratory. 
The mixture was separated in 2 equal parts: one part for the analysis 
of lipids and organic contaminants to be analysed-by‘ Novalab itself, 
and another for heavy metal analysis. The second aliquot was shipped 
on dry ice to the Canada Centre for Inland Waters in Burlington (Ont.) 
for analysis by the National Water Quality Laboratory. ' 

1.2.3.2 Lipid Percentages
A 

The lipid percentages in the fish were determined, according to 
the Fish Inspection Branch method (ANONYMOUS ,l970) as follows: a 
mixture of.fish homogenate, acetone, hexane and anhydrous sodium 
sulphate was homogenized for 1 minute; an equal amount of anhydrous 
sodium sulphate was added, mixed with the homogenate, and then 
filtered; the solvent in the filtrate was evaporated at room 
temperature and the lipid residue‘ was -determined gravimetrically. 
ANONYMOUS (l985a) gives a more detailed description of the lipid 
procedure as well as of the organic contaminants analyses in 
connection with the previous forage fish pilot study in 1984. 

1.2.3.3 Organic Contaminants 
The analyses of PCB's and organochlorinatedp pesticides were 

carried out according to _a methodology standardized by the Bureau 
d’Btudes sur les Substances Toxiques (ANONYMOUS , 1980), as described 
in a previous analytical report of Novalab (ANONYMOUS, 1985a). The 
homogenates were extracted, after dehydration with anhydrous sodium 
sulphate, with a 2:1 hexane-acetone ‘mixture. After clean—up, the 
separation was carried out by elution on a florisil column, using 
various ether-hexane mixtures. The extracts were concentrated and 
analysed on a gas chromatograph coupled with a Ni63 electron-capture 
detector. In 1986 only the hexane fraction was analysed. From this 
fraction the concentrations of the organic contaminants Aldrin, 
Arochlor© 1242, 1254 and 1260, p,p’—DDE, HCB, Heptachlor and Mirex can 
be determined. In the 1984 study the organic contaminants in the 
other fractions (6% ether—hexane and 50% ether—hexane) were seldom 
above detection limit (ANONYMOUS , 1985a) and therefore not analysed 
in the 1986 study. The contaminants analysed, including the metals, 
and their detection limits.are listed in table 2. 
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l.2.3.4 Heavy Metals 

The heavy metals were analysed by- the National Water Quality 
Laboratory, Inland Waters Directorate, Canada Centre for‘ Inland 
Waters, Burlington (Ont.) following the methods described in ANONYMOUS 
(1986). Mercury concentrations were, after digestion with hydrogen 
peroxide, sulfuric acid, and oxidation with permanganate and 
persulfate, determined by flameless cold vapour atomic absorption 
spectrometry. Cadmium, chromium, copper, nickel, lead and zinc were, 
after digestion with nitric and sulfuric acid, analysed by flame 
atomic absorption spectrometry, while arsenic and selenium 
concentrations were quantified by the ICAP (inductively coupled argon 
plasma) method. The detection limits are listed in table 2. 

1.2.4 Statistics 
The data were treated on a Microvax II with the use of RS l 

software package. (ANONYMOUS , 1984; ANONYMOUS , 1985b).‘ The basic 
descriptive statistics were determined and results were tested by 
means of ANOVA, linear regression and Pearson's and Spearman’s 
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correlation (SOKAL & ROHLP, 1981). 

1.3 RESULTS 
1.3.1 Catch Results . 

' '

. 

'The fish species which were caught during this study are listed 
in appendix A.l; they nomenclature is according to SCOTT & CROSSMAN 
(1973).. These authors include our study area within the distribution 
off spottail shiner and yellow perch in the St. Lawrence River. 
Nevertheless, they were not found at every station, probably due to 
specific habitat requirements. 

In practice the yield of the fishing can be influenced by 2 
factors: 1. Absence org low density of the desired species. 2. 
Obstacles (e.g. deepness, vegetation, rocks, current) which reduce 
fishing efficiency: too deep water gives the fish the opportunity to 
dive under the seine; too much vegetation causes the seine to roll up 
and to pass too close to the surface; rocks prevent or impair the 
continuous movement of the seine, and a strong current gives 
difficulties in obtaining and maintaining the efficient ha1f—moon 
shape of the seine in the water; due to the small mesh size, it was at 
certain stations, impossible to pull the seine upstream. A detailed 
description of the conditions at the time of fishing is giving by GUAY 
(1986). V

' 

Sometimes, it was impossible to catch enough fish at a certain 
station. In such case, attemps were made to catch the fish somewhat 
more up- or downstream of the station, after it had been verified that 
no point sources were present between these sites. Consequently, 
station 23 was replaced more upstream by station 21, and station 24 
more downstream by station 25. This approach was, however, not 
applicable for some tributaries on the north shore of Lake St.Pierre. 
Therefore the information available for the north shore tributaries is 
a rather scarce. i

' 

Only in four cases, at station 30, 43 and twice at station 27, 
both species were caught in sufficient quantity so that comparison of 
the bodyburden contents in the two species was possible. 

Contrary to the 1984 pilot study (GUAY & DANDERAND, 1986), hardly 
any young—of-the—year yellow perch were caught upstream of Sorel 
(station 27), and almost no young—of—the—year sspottail shiners were 
caught, except for the tributaries, downstream of station 27, In 
1984, spottail shiners were caught down to Portneuf, which is halfway 
between Trois—Rivieres and Quebec (figure 1). It may be that, since 
Trois—Rivieres is described as the limit of its distribution area 
(SCOTT & CROSSMAN, 1973), its presence somewhat downstream of 
Trois—Rivieres_is not constant from year to year.

_ 
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At stations, where no spottail shiner or yellow_ perch were 
analysed, the yield of these two species was too low to make replicate 
samples (table 1).

' 

At a few stations, other species such as white sucker (Catostomus 
commersoni), emerald shiner (Notropis atherinoides) and golden shiner 
(Notemigonus crysoleucas), were sampled, but, until now, have not been 
analysed. Older spottail shiner and yellow perch were also collected, 
and have been retained for possible analysis of toxic- effects, using 
the backbone for frequency of deformities, protein content and 
mechanical strength (see also chapter 2 of this report). 

1.3.2 Bodyburden Contents Of Contaminants In Forage Fish 

The concentrations of organic contaminants and heavy metals in 
spottail shiner and yellow perch are presented as bar histograms in 
the figures 3 to 14. The bars represent the mean and the error bars 
the standard error of the mean. The mean, standard error of the mean, 
and the count per station are listed in appendix A.2. To include the 
individual measurements below detection limit in the calculation of 
the mean, a value half of the detection limit was taken. If a mean of 
a station was below detection limit, a bar half the height of the 
detection limit is presented without error bars. In principal it 
would be better to take the median ofya station when values below 
detection limit are involved (H.SLOTERDlJK pers.com.), but this gave 
some difficulties (with computations. Statistical comparisons should 
only be made between means which are above the detection limit. ' It 
cannot be stated that values below detection limits are identical, 
even if they have been presented as such in the histograms. 

1.3.2.1 Organochlorinated Compounds' 

The results of Aldrin,Heptachlor and Mirex are not presented in 
figure—form. Mirex was not detected, and Aldrin and Heptachlor were 
found only at station 16. 

DDE is omnipresent (figure 3); the main source seems to be the 
Great Lakes, because the’ highest values are found in the central 
watermass of the St.Lawrence River (stations' ll to 15). - The 
concentrations are, however, far below the aquatic health guideline of 
l mg DDE / kg fish (wet weight) (ANONYMOUS, 1978b). . 

HCB concentrations are often below detection limit but there is, 
however, one point source from the St.Louis River (figure 4, station 
4), probably due to the chlor—a1kali plant present there. 

Like DDE, PCB’s are omnipresent at the investigated stations, but 
at much higher levels (figure 5). The concentrations fluctuate 
somewhat in the river with the higher values in the central watermass 
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(stations ll to 14). From the entrance of Lake St.Pierre (stations 25 
to 30) to the exit (stations 31, 32), the concentrations in the fish diminish. The tributaries of the St.Lawrence River around Lake St.Pierre may present a dilution factor as the PCB levels in the fish from these tributaries (stations 41 to 46) are generaly lower than 
those in the river itself. Especially along the shore, where most ’of 
the sampling took_ place, the influence of the tributaries could be significant. Of the 22 stations sampled, 18 were significantly" above the aquatic health guideline of 0.1 mg PCB / kg fish (wet weight) and of the other 4 only 2 were significantly below "this aquatic health guideline (ANONYMOUS, 1978b). . 

1.3.2.2 Heavy Metals And Metalloids 
Mercury concentrations are at all stations (figure 6) well below 

the aquatic health guideline of 0.5 mg Hg_/ kg fish (wet weight) 
(ANONYMOUS, 1978b). There is, however, a point source in the St.Louis River (station 4). It is suspected that HCB and mercury have the same 
source, Industries PGG-Canada ltee. This chlor-alkali plant uses a mercury electrode and discharges 57.7% of the known industrial input 
of mercury in the St.Lawrence River between Cornwall and Sorel (ANONYMOUS, 1983). Since 1972 mercury emissions from chlor-alkali plants are regulated by the ’amount of chlor produced (maximal emission: 2.5 mg Hg/kg C12 (ANONYMOUS, 1983)) and the emissions have dropped considerably since then from 12 kg of mercury to about 0.5 kg/day (SLOTERDIJK, 1979). 

Mercury residues in piscivorous fish such as walleye (Stizostedion vitreum) and pike (Esox lucius) of the St.Lawrence River have been found to be higher than in any other fish (CHAMPOUX & 
SLOTERDIJK, in press; GOULET & LALIBERTE, 1982b, LEVESQUE & POMERLEAU, 1986, SLOTERDIJK, 1977). Thus, even these values of mercury below the guideline may still be indicative of a potential problem through foodchain accumulation, as is still found to be the case int southern Lake St.Louis (downstream from station 4), where most adult piscivorous fish were above 0.5 mg/kg (CHAMPOUX & SLOTERDIJK, in press, SLOTERDIJK, 1977). -

y 

Cadmium levels are often below detection limit and it is difficult to discover any spatial patterns (figure 7). The higher value at station 3 could have as source the Canadian Electric Zinc Ltd., situated along the Beauharnois canal, which discharges 14 kg of cadmium per day (ANONYMOUS , 1983), as no increased levels of the cadmium are found at station 1. This result is in accordance with the spatial patterns found in 1984, when spottail shiners were sampled just upstream, in Lake St.Francis, and downstream of the Beauharnois Canal. In the former, the cadmium levels in spottail shiners were below detection limit, while in-the latter they were elevated (GUAY & DANDERAND, l986). 
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Chromium concentrations are elevated at certain stations (figure 
8). The higher concentration at station 15 may have its source from 
the industrial area near Varennes on the south shore. The‘ higher 
concentrations in spottail shiners at station 27 (lst date) could be 
the very local influence of the marina of Ste.Anne de ~Sorel, where 
these specimens were caught. ;These higher concentrations were not 
found in yellow perch caught just upstream from this marina; 
therefore, a more upstream situated source seems unlikely. Shortly 
after the lst sampling date, the marina closed for the winter, which 
could be a reason for the lower values in spottail shiner at the 2nd 
sampling date. The higher concentrations at station 28 could have 
their source from the industrial area of Sorel. The St.Frangois River 
(station 43) seems to be a source of chromium and, as will be seen 
later, of other metals. Levels of cadmium, chromium, copper, nickel 
and arsenic were elevated in both fish species. AUGER (1980) has 
reported the presence of high levels of heavy metals in» the 
St.Frangois water column and sediments. He stated as sources mining 
and industrial activities within the river's basin 

' Copper concentrations were well _above_ detection limit at all 
stations (figure 9) and levels of about 0.5 ppm seem to reflect normal 
body concentrations, which can be due to the fact that copper, in 
trace amounts, is an essential element for a number of enzymes ( 

FGRSTNER & WITMANN, 1979). We have no explanation for the hiogher 
levels at station 22, but the higher concentrations at station 27 to 
29 could again be the influence of the industrial activities at Sorel. 
The difference between the two sampling dates at station 27 reflects 
maybe the short turnover time of copper in these fish species or 
perhaps that the copper is not taken up by the fish but just 
superficial attached to the mucus on the skin. 

Nickel concentrations in fish show the same patterns as chromium 
concentrations (figure 10): high levels at station l5, 27 (lst date; 
spottail shiner), 28 and 43. Unlike sediments, where the same 
patterns could be the result of similar behaviour of these metals in 
the aquatic environment, the patterns in fish display that these two 
metals have the same sources such as industrial dyes, metal plating, 
etc.. (FURSTNER & WITTMANN, 1979).

_ 

Lead concentrations are situated around the detection limit 
(figure ll). Point sources seem to exist at station 27 ( the marina 
of Ste.Anne de Sorel), station 41 (Richelieu River) and station 43 
(St.Frangois River). The (difference between the two sampling dates 
for spottail shiner at station 27 may, like chromium and nickel, again 
be due to Vthe closing of the ‘marina, especially since most 
pleasure—crafts use leaded gasoline. ANONYMOUS (1983) cites that the 
Richelieu River discharges 100 kg of lead per day into the St.Lawrence 
River, which could explain the high levels at station 41. The high 
levels at station l to 4 could be the influence of the industries near 
Valleyfield and at the stations ll to 15 the influence of. the MUC, 
although the station ll, 12 are upstream of the MUC sewage outlet. 

_]_2_



.-'1 

1*": 

,_

6 

fia

~ 

._. 
'1-E

5 
-2. 

'vv- 

-J 
.1 

.1 

Q’ 

Page l?l3
> 

Zinc is an essential element as a cofactor for several enzymes 
and the levels of this metal are much higher in the fish than for any 
other metal (figure 12). Although the levels differ significantly 
between the stations, the relative fluctuations, in comparison with 
the fluctuations of the others metals, seem‘ to be minor and are 
probably natural in origin. There is, however, a large difference 
between bodyburden contents for spottail shiner and yellow perch; the 
latter being about 50% lower. . 

I

_ 

The background levels in forage fish for arsenic seem to be below 
detection limit. Although at l9 of the 22 stations, the levels were 
at or above this detection limit (figure 13), so no real point. source 
for arsenic is evident in the investigated area. 

" Selenium displays roughly the same patterns as zinc (figure 14). 
Little variation, although most differences are significant, between 
the stations amongst the same species. There are large differences 
between the two species, the “bodyburden levels in spottail shiner 
being about 2 times higher than in yellow perch. In trace amounts, it 
is essential for growth, fertility and disease prevention (FoRSTNER & 
WITTMANN, 1979). . H _ 

1.3.3 Correlation Of Bodyburden Contents' Of Contaminants Between 
Yellow Perch And Spottail Shiner

i 

In the report of the 1984 study, it was concluded that yellow 
perch is a good replacement species for spottail shiner, as yellow 
perch was found at stations where no spottail.shiner was caught, and 
the bodyburden levels in both species caught at the same station 
showed resemblance (GUAY & DANDERAND, 1986). In this 1986 study, 
yellow perch has also been used to replace spottail shiner at several 
stations. The 1986 data have been added to the 1984 data, to evaluate 
if there is‘ a significant correlation of bodyburden levels for the 
different contaminants between the two species. Although we are not 
dealing with a true cause—effect relationship or regression (SOKAL & 
ROHLP, 1981), we did feel justified (PIERRE LEGENDRE,k pers.com.) to 
apply regression equations to the data set in order to make 
predictions on contaminant levels from one species to the other. In 
other words, an regression equation can be used to predict, from 
existing yellow perch“ data, what would be the concentrations in 
spottail shiner, when only yellow perch has caught (at a 
particular station. 

A regression equation is, however, only calculated when the 
correlation is significant. When the intercept was found not to be 
significant, the equation without the intercept is also given. ' 

A The correlations between the 'two species for the ~different 
contaminants are presented in the figures 15 to 24. Cadmium is not 
included, since too many values were below detection limit, as is the 
case for lead, but the latter is included to illustrate the difference 
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between the two species. Zinc is not included, because _there was a 
large difference in precision _within the 1984 data. Arsenic and 
selenium are not presented, because only 4 data were available from 
the 1986 study ( in 1984, As and Se were not analysed). 

1.3.3.1 Organochlorinated Compounds 
V 

, 

-

_ 

The correlation) for DDE (figure 15) is highly significant. 
Although the intercept is not significant, omitting it diminishes the 
correlation which becomes less significant (omitting the intercept 
will always result in a decrease of the correlation, but it gains a 
degree of freedom and the result can be more significant). 

The correlation for HCB (figure 16) is highly significant, but is 
driven by the one high concentrations. However, the nonparametric 
Spearman correlation was found to be also highly significant (R**2 = 
0.88). Since the slope is based only on a few data points, it would 
be a little premature to state that yellow perch is accumulating HCB 
more than spottail shiner. The figure does show that when 
concentrations of HCB are low or elevated in yellow perch, they follow 
the same pattern in spottail shiner, which means that these 
young—of—the~year fish are good indicators for ambient concentrations 
of HCB in the water column. - 

The PCB regression between spottail shiner and yellow perch has a 
slope very close to one (figure l7), which means that they accumulate PCB’s more or less at the same rate. The correlation is all the more 
significant, because of one high value, but even without this value 
the correlation remains highly significant (equation with intercept 
R**2 = 0.61, p (0.01; equation without intercept R**2 = 0.48, p 
(0.05). 

From the 1986 analytical results, it became clear that there is 
very little variation within a station, especially for the organic 
contaminants. This is probably caused by the fact that a _single 
analysis is carried out on a batch of many individuals (i.e. yellow 
perch 12-24; spottail shiner 50—l30). Individual variation will be 
attenuated between replicates, as each replicate (batch) analysed 
results in a mean value. This fact allowed us to check the results of 
the organic contaminants of the 1984 study for some outliers. Among 
those found, a few turned out to be mistakes. The remaining outliers 
may have been the result of the sampling strategy in 1984: a station 
was divided into different strata and the fish caught at a station 
were analysed per stratum (GUAY & DANDERAND, 1986), as opposed to the 
1986 strategy, where all fish were mixed for a particular station 
before splitting into 5 replicates. . 

In figure l8, the PCB correlation between the two species is 
again presented, but this time based on means per station without the 
remaining outliers. For these latter equations, the R**2 is somewhat 
higher, but the significance level stays about the same compared with 
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the former equations (figure 17) and the slopes of both are -a ‘little 
steeper. Still, they do differ not very much from l. Altogether the 
influence of the outliers on the correlation between spottail shiner 
and yellow perch seems to be, in this case, negligible. These details 
are emphasized, because it is very important to check data for 
outliers and evaluate if they make sense. Also the influence of an 
outlier on the correlation should be investigated carefully. - -

1 

1.3.3.2 Heavy Metals ' 

_
. 

The correlation between spottail shiner and yellow perch for 
mercury concentrations is presented in figure 19. This figure shows a 
similar pattern as figure 16 for HCB: many observations with low 
concentrations of mercury and only a few with higher concentrations. 
If one only looks at the cloud of points at low concentrations,_ then 
it is 'clear that there is no correlation between the two species for 
this concentration range. The regression is, therefore, mainly based 
on the other points, representing the higher concentrations. Again, 
as in the case with PCB's, the slope.of. the regression equation is 
very‘ close to one, which may indicate that yellow perch and spottail 
shiner are concentrating mercury at the same rate, and that yellow 
perch can replace spottail shiner when the latter is absent at a 
certain station. ' 

For chromium, there is a very good correlation between spottail 
shiner and yellow perch (figure 20). If the points below the 
detection limit are excluded, then the other ones fall almost on a 
straight line. However points below detection limit are included, 
because they give ,some indicative information on the bodyburden 
content. 

As can be seen from figure 2l, there is no significant 
relationship for copper between spottail shiner and yellow perch, 
although there is some indication (p<O.lO) that bodyburden contents in 
both fishes are correlated. ~ 

Nickel seems to be an good example of a metal which is 
concentrated in both species but not in the same amount (figure 22). 
Yellow perch concentrates nickel about 1.5 to 2 times more than 
spottail shiner. In the case of nickel we can give an example of what 
the influence of a high value is on the correlation coefficient and on 
the regression equation. In figure 23 is presented the correlation without the one high value from figure 22. The correlation is smaller 
but still significant. The slopes of both regressions are a little 
steeper, although for the equation without the intercept,- the 
difference is small (slope=O.63 compared with 0.53) and not 
significant. ~ 

Finally, in figure 24, the correlation between the two species 
for lead is fgiven. No definite conclusions can be drawn from this 
figure about a correlation between both species. One conclusion, 
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however, -can be that spottail shiner is concentrating lead more than 
yellow perch: in spottail shiner,= only one value is below the 
detection limit while for yellow perch only one is above it. 

1.3.4 Relation Between Contaminant Concentrations, Length And Lipid 
In Forage Fish l 

- - 

The mean lengths with the 95% confidence limits are displayed in 
figure 25 and table 3. It is clear from this figure that there are 
highly significant differences in length between the stations; This 
is confirmed by the ANOVA results: - 

Spottail shiner
_ 

Fs = 13.31 DF nominator = 16; DF denominator = 4428 
F0.00lEl5,infinity] = 2.51 

Yellow perch ~- - 

Fs = 4.68 DF nominator = 9; DP denominator = 795 
F0.00lE9,infinityJ = 3.10 

For these reasons we analysed length groups versus contaminants 
'1 levels‘ within a station as listed in table 4. Regression analyses 
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were carried out, and when p < O;lO, their equation has been presented 
in table 5. ~ 
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Table 5. Linear regression equatisne betéeen length (mm) and 
lipid (Z wet weight) or cantaminants (ppm); and between lipid 
and csniaminants. Spcttaii ehinere (nchu) came free staticn 16 
and yellow perch (peil) from station 28. Q1254 = firochlor 1254, 
A1250 = Arpchior I260, n,s. = not significant. 
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stations. When'the means of the lengths at different stations are compared with the means of the lipids very little correlation is found
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(table 5 and_6). This correlation between length and lipid within a 
station makes it difficult to separate them with regards to their 
relationship with the contaminant concentrations. Length, through its 
relationship with age, is a measure of the exposure time, while lipid 
concentration influences the uptake of lipophilic contaminants, such 
as DDE, HCB, PCB’s and methylmercury. For the other metals, there is 
no ground to expect airelationship with lipid contents.~ In all cases, 
however, the correlation between length and a contaminant was found to 
be higher than between lipid and a contaminant (this cannot be deduced 
as such .from the significance levels in table 5). So exposure time 
may well be more important than lipid contents. 

' The equations can roughly be interpreted as follows: the slope 
is an indication of the change in contaminant concentration (ppm) per 
length increase (mm); for example the levels of PCB's_ in spottail 
shiner will increase 0.l28 ppm with a length increase of l0 mm. 

‘ Because we suppose that the forage fish are a good indicator for 
ambient concentrations of contaminants in the water column, the slope 
of the regression of a contaminant on_the length will be steeper or 
flatter as the concentrations in the water are higher or lower. 
Therefore, a regression equation for one station can, in principle, 
not be applied to an other station. 

‘ It is not our purpose at this stage to correct the data for 
length, since we have carried out the regression analyses only to 
provide some qualitative details. 'It could ,however, be an important 
factor when one compares stations. .The maximum difference between 
mean lengths that we have found is 11.6 mm for spottail shiner and 9.7 
mm for yellow perch, although SUNS et al. (1985) have analysed 
young-of—the—year spottail shiners over the years with length 
differences of up to 35 mm. 

'V 

It is difficult to propose here a sampling strategy. We took 
random samples from the collected fish and found length differences 
between stations. One could also select spottail shiner and yellow 
perch Within a defined Size group and, by doing so,_select a part of 
the yearclass, which _may biased. The disadvantages 'of this 
approach could, however, be a loss of certain stations, because there 
might be no fish, or hardly any, in the desired size class. SUNS 
(pers.com.) is now selecting young—of—the—year_spottail shiners of 
over 50 mm. This size class would certainly give problems for the 
St.Lawrence River, since these are rare there. Besides the loss of 
stations, one does not know what .is the cause of the length 
differences between the different stations. The growth during the 
sampling period does not seem to be all that important in the case of 
spottail shiner (compare the results of the two dates for station 27 
in table 3), and explains only a part of the variation_ for yellow 
perch. These differences in length could be due to differences in 
spawning time and/or environmental factors. We do not want, or 
cannot, make predictions if individuals of the same length at 
different stations have had the same efficiency in contaminant uptake. 
Up until now we can only assume this. Maybe, because we find 
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significant correlations between two species, the influence of length within a species is negligible. 

1.3.5 Correlation_Between The Different Parameters In Forage Fish 
The correlation coefficients of comparison between the. various 

parameters (length, lipid, organics and heavy metals) for both species 
are presented in table 6 and 7 (l986 data only).- Aldrin, Heptachlor and cadmium are not included, since too many values were below the 
detection limit. For the same reason, HCB and lead are also excluded, 
but only for yellow perch. '

_ 

There are some differences between the two species. For example, there is a significant correlation between the lipid and organochlorine residues in spottail shiner, which was not .found. in 
yellow perch. However, instead of discussing the differences between 
the two species, we shall explore more their similarities, because if two species display the same correlation between two parameters, then 
it is more likely that a true relationship between the two parameters 
exists. 

For both species, there is a significant correlation between _DDE and PCB’s. It seems unlikely that these two contaminants have the same sources, and it is probably more a question of the omnipresence 
of both and their similar lipophilic caracteristics, 

More can be said about the relationship between chromium and 
nickel. This is an example of two metals, which have very often the same sources (e.g. fertilizers, steel work foundries, plating, 
finishing) although chromium is more used than nickel (FURSTNER & 
WITTMANN, 1979). The correlation between chromium and nickel -is presented in the figures 26 and 27. From these figures it is clear that the levels of chromium are higher than those of nickel in both 
species, and that the bodyburden contents are highly correlated. 

.The correlation between PCB's and selenium was also found to be significant in both species .(figure 28 and 29). We found no information in the ‘literature on the ~possible cause 'of this correlation. It seems unlikely that PCB‘s and selenium have the same 
source, or behave similarly in the environment. Although selenium is 
very toxic, in trace amounts it has a known detoxification function through its antagonistic effect on other metals, such as cadmium (VAN 
PUYMBROEK et al., 1982) and copper (WINNER, 1984). Selenium binds these metals to form insoluble selenites and its protecting effect appears to be general in character. In nature, selenium concentrations were found to be highly correlated with methylmercury concentrations in sea mammals (KOEMAN et al., l975). It seems that selenium uptake can be regulated to a certain extent. Because of the correlation that is found between PCB’s and selenium, it may be that selenium has a antagonism with PCB’s. If the latter is true then low concentrations of PCB's might already have a harmful effect on the " -21’-
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gish, since it has to activate the uptake of selenium ‘to detoxify ~CB’s. ‘ 

Table 6. Pea;ecn’s ecefficiente of correlation between the different parameters for epeitail shiner. 
Critical values R0.0311,151 F 0.482 R0.01[1,151 = 0.606. 
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7 1984 And 1986 1.3.6 Comparison Of Contaminants In Forage Fish Between 
' The comparison of some contaminants between 1984 and 1986 are 

presented in figure 30 to 34. The comparable station codings are 
given in table 8. - 

, 

-

, 

Table 8. Station ecdee in 1984 and 1036. 
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We do not want to go very deep into the comparison between the 
two years. ‘One has to be careful to make predictions based on only 
two years of data. SUNS et al. (1985) found after the decrease of 
organochlorine residues in spottail shiners in the late seventies no 
diminuation. in the eighties. They - found, however, moderate 
fluctuations from year to year. "So we shall only describe here what 
is visualized in the figures, without any extrapolations about future 
trends. ’Besides the waterlevel of the St.Lawrence River, which was 
lower in 1984 (GUAY, pers.com.), may be of influence for the uptake 
from _year to year, since the discharge could be an important dilution 
factor. _ _ . 

"The 1984 and 1986 data for p,p’—DDE are presented in figure 30. 
At all stations in 1986 the values were much lower at most stations, 
and at some the same as in 1984. This may be a real trend, because 
DDT is nowadays seldom used in Canada. 

HCB concentrations are less in 1986 compared with 1984 (figure 
31). The lower values are especially evident at station ll and 12, 
where we have a point source in the St.Louis River. 

3 PCB's are considerably lower in 1986, at station ll near 
Beauharnois, where the highest levels were found in 1984 (figure 32). 
For the other stations, some of them are higher, while others ‘are 
lower. In general, however, and allowing for some fluctuations the 
values of 1984 and 1986 are in agreement, indicating that temporal 
trends can be evaluated in the future. . 

» Mercury levels have hardly changed from 1984 to 1986 (figure 33). 
These results are in accordance with the temporal patterns found in 
the Great Lakes, where no any decrease ‘has been found after the 
decline in the seventies (SUNS et al., 1985). 

Finally, figure 34 displays the comparison for lead between 1984 
and 1986. ' It seems that a possible temporal analysis for lead will 
give difficulties, as stations were not comparable between the two 
years: stations, which were high in.l984, were low in 1986, and vice 
versa. Only station 22 gives the same bodycontents in both years. 

1.4 DISCUSSION" * 

In this discussion we highlight 3 points of interest: first, the 
use kof forage fish as a bioindicator of contaminants in the aquatic 
ecosystem; second, the spatial patterns of contaminants in the 
investigated area, and third, the temporal trends of bodyburden 
contents of contaminants. - 

From the results presented in this report, it is clear that 
spottail shiner and yellow perch concentrate most contaminants well 
above detection limit, and to much higher levels than in the ambient 
water column. It seems a good tool to investigate spatial 

- 
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contamination patterns, as within station variation is also minimal. 
Unfortunately, young-of—the—year fish are little ' used as a 
bioindicator, making comparisons with results from other contamination 
studies difficult. Moreover, most contaminant measurements on fish 
were done using muscle tissue (FURSTNER & WITTMANN, 1979). In" the 
Great Lakes, forage fish are extensively used as a bioindicator (SUNS 
et al.,l983,l985; SUNS & REES, 1978), while some limited use of this 
biomonitoring tool is made in Saskatchewan (MUNRO, 1985)- 

We would like to emphasize some major advantages of using forage 
fish over adult fish and its complementary value next to sediment and 
water analysis. When using forage _fish, one has no problems 
associated with, for instance, ‘age determination, maturity and 
migration. The former two influence the homogeneity of a-sample, and 
the latter one integrates "contamination over a much larger area, 
resulting in a relative lack of site—specificity. Furthermore, a 
sample of forage fish consists of many individuals, minimizing the 
influence of individual variation on the final results. Consequently, 
forage fish give a very good estimate of the contamination residues in 
a population under study, hence its value as a biomonitoring tool. 

. Compared with sediments, forage fish reflect the amount of 
contaminants in the watercolumn at a specific place, while sediments 
integrate contaminants from .an' relatively unknown area over a 
relatively unknown period of time, without providing any indication on 
the bioavailability of contaminants, as they are bound to and buried 
in the sediments. 4 

When compared with water analyses, forage fish intergrate 
contaminants over a, by approximation, known period of time, while a 
water sample represents only a snapshot, which has to be taken much 
more often to allow for seasonal fluctuations. Moreover, forage fish 
concentrate most contaminants up to a level well above the detection 
limit, while in watersamples contaminants such as PCB's and p,p'—DDE 
are often below detection limit (GERMAIN‘& JANSON, 1984). 

The main objective of our study was the investigation of spatial 
patterns of contaminants. in Lake St.Pierre. In general, it can be 
stated that concentrations of most contaminants in the forage_ fish 
change little, as one moves from up- to downstream of Lake St.Pierre. 
»The PCB levels, however, drop considerably when stations 31 and 32 at 
the outlet are compared with stations 25 to 30 at the upstream end of 
the lake.

9 

The only north shore tributary analysed, the Maskinonge River, 
does not seem to have any important source of the contaminants under 
investigation. All levels were below those found at all other 
stations. The contaminant composition of the tributaries on the south 
shore also differ from one to another. The levels of organic 
contaminants and lead are the highest in the Richelieu River, while 
the Yamaska River has higher levels of mercury. GOULET & LALIBERTE 
(l982a, 1983) also found that levels of_DDE, HCB and PCB*s in white 
sucker (Catostomus commersoni) and walleye (Stizostedion vitreum) were 
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higher in the Richelieu River than in the Yamaska and the St.Francois 
River close to where they enter Lake St.Pierre. The St.Franqois River 
does not transport much organochlorinated contaminants, the levels in 
the forage fish in this river were among the lowest found in this 
study and _are comparable vwith the levels found in the Ottawa River 
(GUAY & DANDERAND, 1986). It does seem, to ibe an source -of heavy 
metals: cadmium was well above detection limit, which was the case at 
only 3 other stations, and the levels of chromium, nickel, and" lead 
were among the highest found in both this study and the 1984 pilot 
study (GUAY & DANDERAND, 1986). GOULET & LALlBERTE- (l982b) did not 
find elevated levels _of heavy metals in the _St.Frangois River, 
compared with the Ya.mas'ka and Richelieu River. 1 

To investigate the influence of the MUC outfall, 2 stations (ll 
and 12) were sampled upstream, and 2 stations (13 and 14) downstream 
of the outfall. There was no increase in levels from above to below 
the outfall, as can be seen from figures 3_to 14. On the contrary, 
the forage fish at station 13, which is immediate below the outfall, 
have lower bodyburden contents of PCB's, chromium, copper and nickel, than station 12, and levels comparable with station ll. There were 
observed, however, significant differences in environmental factors 
between the stations: the stations ll, 12 and 14 had clear water, while at station 13, there was a high concentration of organic matter, 
which could have influenced the bioavailability of the ‘toxic 
substances. Especially for the lower levels of PCB’s at station 13 compared with the 3 other stations, a lower bioavailability could be a 
plausible explanation. Another'explanation might be that there is a 
source more upstream of all these stations, which overshadows a 
-possible increase downstream of the MUC outfall, 

In the future, when more years of sampling of forage fish will be 
added to the already existing years of study, an evaluation of 
temporal trends will be possible. We have compared 1986 with 1984 but 
explained that one should not try to extrapolate a trend from these 
results. As stated before from the'work on young—of—the—year spottail 
shiner in the Great Lakes, it is clear that there are some moderate 
fluctuations in the eighties in the levels of PCB's and mercury after 
the decline in the seventies (SUNS et al., 1985). There is no 
explanation for these fluctuations. As possible causes are suggested 
the occurence of fluctuations in biovailability from one year to the other, because of variations in turbidity and the presence of organic 
matter, or that rainfall differences changes the washing out of the 
contaminated soils (K.SUNS pers.com.). Temporal trend analysis may 
probably only be possible for organochlorine contaminants and mercury. 
The example with lead, where some stations were found ‘to be below 
detection limit in 1986 and not in 1984, and vice versa, displays that 
there could possibly be very little consistency in bodyburden contents 
of heavy metals at a station over the years. 

‘
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1.5 CONCLUSIONS AND RECOMMENDATIONS 
s

~ 

The analysis of forage fish has proven to be a valuable tool 
beside sediment tand water analysis, since it supplies information on 
the bioavailability and bioconcentration of toxic chemicals in the 
St.Lawrence River.- However, no' conclusions ocan be [drawn on the 
possible effects .of the toxic chemicals on the‘ young - fish. 
Incidently, the purpose of this study was not to make a toxicological 
investigation, but to evaluate the spatial patterns and, on a longterm 
basis, the temporal trends of the contaminants in the St.Lawrence 
River. From the toxicological point of view, the correlation found 
between the bodyburden contents of PCB’s and selenium is worth further 
investigation. 

_ 

, 

'

- 

The use of forage fish might be limited to the evaluation of 
persistent vcontaminant residues, and m&Y have little value to 
investigate the present more degradable pesticides. It has, however, 
proven to be an useful indicator of some heavy metal contaminants. 

Yellow perch seems a good replacement species, when spottail 
shiner is absent at a certain sampling site. The more lipophilic 
contaminants are bioconcentrated in the same_ quantity by the two 
species, and bodyburden levels seem to be directly comparable. For 
the heavy metals, a conversion factor is necessary. ‘

. 

Differences in length and lipid content make comparisons between 
stations more difficult. It is therefore necessary to make accurate 
length measurements of the individuals, and that they are analysed for 
lipid content. ’For spottail shiner, about 50 specimens per sample 
will be sufficient for length measurements, while for yellow perch the 
whole sample will have to be measured, as it consists of only l2 to 24 
specimens. 

Fish should be selected randomly from the catch at a sampling 
site, because, if only the fish in a certain size class are selected, 
one does not know in which way the results are influenced. Although 
these differences have an unknown correlation with the contaminants 
levels, it can be concluded that using one yearclass and only two 
species represents a high level of standardization in a biomonitoring 
program. »

~ 

The conclusions in this report are qualitative. In a future 
study it could be of interest to repeat the analyses of size classes 
in addition to the analyses of random samples. More than one sample 
per size class should be used to investigate the variation within size 
sclasses. One should also try to make an estimation of the relative 
bioavailability of the contaminants during the exposure time of the 
forage fish.

I 

In addition to the use of forage fish as a biomonitoring tool, 
one should try to investigate the impact of contaminants residues on 
the forage fish and perhaps add experiments in the laboratory. These 
experiments could consist of studying clearing rates after transfering 
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fish into clean water. As‘was stated before, it could be that, for 
example, some heavy metals are only superficially incorporated in the 
mucus of the fish. lYel1ow perch may be more appropriate for these 
experiments, because seems less vulnerable to the effects of 
manipulation than spottail shiner. - 

V _ 

if 

‘ 

4 i 

Regarding the choice of the sampling sites in the future, one 
should try to develop a standard monitoring program for the whole 
St.Lawrence River (Cornwall - Portneuf) to evaluate temporal trends. 
These stations should be sampled every year, or as a minimum every 
other year. Detailed case studies on various stretches of the river 
would evaluate spatial patterns in more detail. 

Because- spottail shiner is not. present all over Canada, 
comparison with other species, like emerald shiner and golden shiner, 
is of interest so that a national biomonitoring program can be 
developed. Ecologically equivalent species allow comparing stations 
over a wide area, where different species have to be used. In this 
context, it is important that results become available on bodyburden 
contents in different species from highly contaminated regions, such 
as the Niagara River, since interpolating bis a more reliable 
estimation than extrapolating. It is important to know if the 
regression equations found in this study have predicting value for 
more contaminated regions. . 

_28_.
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l.7 FIGURES V 

1.7.1 List Of Figures
p 

Figure 1. The St-Lawrence River from Cornwall to Quebec. _l. Lake 
St.Francis (l&C Saint-Frangois) 2. Lake St.L0uis 3. ,Lake St.Pierre ' 

Figure 2. Location of the sampling stations
_ 

Figure 3. p,p’-DDE concentrations (mean i standard error of the mean) 
in young-of—the-year spottail shiner (Nohu 0+) and yellow perch (Pefl 
0+). Station 27 was sampled twice. 
Figure 4. HCB concentrations (mean i standard error of the mean) in 
young-of—the—year spottail shiner (Nohu 0+) and yellow perch (Pefl 
0+). Station 27 was sampled twice. ‘ .A 

Figure 5. _PCB’s concentrations (mean i standard error of.the mean) in 
young—of-theeyear spottail shiner (Nohu 0+) and yellow perch (Pefl 
0+). Station 27 was sampled twice. -" ' 

Figure 6. MRCURY concentrations (mean i standard error of the mean) 
in young-of—the—year spottail shiner (Nohu 0+) and yellow perch (Pefl 
0+). Station 27 was sampled twice. 
Figure 7. CADMIUM concentrations (mean i standard error of the mean) 
in young—of—the-year spottail shiner (Nohu 0+) and yellow perch (Pefl 
0+). Station 27 was sampled twice. 

4 
I 

A ‘ 

Figure 8. CHROMIUM concentrations (mean i standard error of the mean) 
in young-of-the-year spottail shiner (Nohu 0+) and yellow perch (Pefl 
0+). Station 27 was sampled twice.

_ 

Figure 9. COPPER concentrations (mean 1 standard error of the mean) 
in young—of-the-year spottail shiner (Nohu 0+) and yellow perch (Pefl 
0+). Station 27 was sampled twice. . 

Figure l0. NICKEL concentrations (mean i standard error of the mean) 
in young—of-the-year spottail shiner (Nohu 0+) and yellow perch (Pefl 
0+). Station 27 was sampled twice. ' 

Figure ll. LEAD concentrations (mean i standard error of the mean) in 
young-of-the-year spottail shiner (Nohu 0+) and yellow perch (Pefl 
0+). Station 27 was sampled twice. . 

Figure 12. ZINC'concentrations (mean i standard error of the mean) in 
young-of—the—year spottail shiner (Nohu 0+) and yellow perch (Pefl 
0+). Station 27 was sampled twice. _ 

Figure 13. ARSENIC concentrations (mean i standard error of the mean) 
in young-of—the—year spottail shiner (Nohu 0+) and yellow perch (Pefl 
0+). Station 27 was sampled twice. 
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Figure 14. SELENIUM concentrations (mean i standard error -of the 
mean) in young-of-the—year spottail shiner (Nohu 0+) and yellow perch 
(Pefl 0+). Station 27 was sampled twice. 1

- 

Figure 15. .Correlation between p,pf-DDE» bodyburden contents (mg/kg 
fish (wet weight)) in' young—of-the~year yellow perch (Pefl 0+) and 
spottail shiner (Nohu 0+) caught at the same sampling sites during the 
studies in 1984 and 1986. . 

' ' 

Figure 16. Correlation between HCB bodyburden contents (ug/kg fish 
(wet weight)) in young—of-the—year yellow perch (Pefl 0+) and spottail 
shiner (Nohu 0+) caught at the same sampling sites during the ‘studies 
in 1984 and 1986. '

~ 

Figure 17. Correlation between PCB's bodyburden contents (mg/kg fish 
(wet weight)) in young=of—the—year yellow perch (Pefl 0+) and spottail 
shiner (Nohu 0+) caught at the same sampling sites during the studies 
in 1984 and 1986. Y 

Figure 18. Correlation between PCB's bodyburden contents (mg/kg fish 
(wet weight)) in young—of-the-year yellow perch (Pefl 0+) and spottail 
shiner (Nohu 0+) caught at the same sampling sites during the studies 
in 1984 and 1986 after omitting some outliers. 

Figure 19. Correlation between MERCURY bodyburden contents (mg/kg 
fish (wet weight)) in- young—ofethe—year yellow perch (Pefl 0+) and 
spottail shiner (Nohu 0+) caught at the same sampling sites during the 
studies in 1984 and 1986. 
Figure 20. Correlation between CHROMIUM bodyburden contents (mg/kg 
fish ‘(wet weight)) in young-of—the—year yellow perch (Pefl 0+) and 
spottail shiner (Nohu 0+) caught at the same sampling sites during the 
studies in 1984 and 1986.

g 

Figure 21. Correlation between COPPER bodyburden contents (mg/kg fish 
(wet weight)) in young<ofethe+year yellow perch (Pefl 0+) and spottail 
shiner (Nohu 0+) caught at the same sampling sites during the studies 
in 1984 and 1986. .

- 

Figure 22. Correlation between NICKEL bodyburden contents (mg/kg fish 
(wet weightl) in young—of—the—year yellow perch (Pefl 0+) and spottail 
shiner (Nohu 0+) caught at the same sampling sites during the studies 
in 1984 and 1986. . 

Figure 23. Correlation between NICKEL bodyburden contents (mg/kg fish 
(wet weight)) in young-of-the—year yellow perch (Pefl 0+) and spottail 
shiner (Nohu 0+) caught at the same sampling sites during the studies 
in 1984 and 1986 after omitting the highest value in figure 22. 

Figure 24._ Correlation between LEAD bodyburden contents (mg/kg fish 
(wet weight)) in young—of—the—year yellow perch (Pefl 0+) and spottail 
shiner (Nohu 0+) caught at the same sampling sites during the studies 
in 1984 and 1986. 
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Figure 25., Length, (mean‘ i 95% conf.1imit) of young—of—the—year 
spottail shiner (Nohu 0+) and yellow perch (Pefl 0+). 

Figure 26.“ Correlation between bodyburden contents of chromium and 
nickel (mg/kg fish (wet weight)) in young—of-the-Year spottail shiner. 

Figure 27. ~Correlation between bodyburden contents of -chromium and 
nickel (mg/kg fish (wet weight)) in young—of—the-year yellow perch. 

Figure 28. Correlation between bodyburden contents of selenium and 
PCB's (mg/kg fish (wet weight)) in young—of+the*year spottail shiner. 

Figure 29. Correlation between bodyburden contents of selenium 
PCB’s (mg/kg fish (wet weight)) in young+of+the—year yellow perch.p 

and 

Figure 30. Comparison of the p,p’-DDE body contents (mg/kg 
weight) between 1984 and 1986. The 1984 station code is used. "Bars 
represent the mean i standard error of the mean. At stations 9, l1, 
12, 22, 23, 24 and 25 the body contents are in spottail shiner where 
at station 26 and 27 the body contents are in yellow perch. 

wet 

Figure 31. Comparison of the HCB body contents (mg/kg wet .weight) 
between 1984 and 1986. The 1984 station code is used. Bars represent 
the mean 1 standard error of the mean. At stations 9, 11, 12, 22, 23, 
24 and 25 the body contents are in spottail shiner where at station 26 and 27 the body contents are in yellow perch. 

Figure 32. Comparison of the PCB’s body contents (mg/kg wet weight) 
between 1984 and 1986. The 1984 station code is used._ Bars represent 
the mean i standard error of the mean. At stations 9, ll, 12, 22, 23, 
24 and 25 the body contents are in spottail shiner where at station 26 
and 27 the body contents are in yellow perch. 

_

i 

Figure 33.1 Comparison of the MERCURY body contents (mg/kg wet weight) 
between 1984 and 1986. The 1984 station code is used.' Bars represent 
the mean i standard error.of the mean. At stations 9, 11, 12, 22, 23 
and "24 the body contents are in spottail shiner where at station 26 
the body contents are in yellow perch. , 

Figure 34. Comparison of the LEAD body contents (mg/kg wet weight) 
between 1984 and 1986. The 1984 station code is used. Bars represent 
the mean i standard error of the mean. At stations 9, 11, 12, 22, 23 
and 24 the body contents are in spottail shiner where at station 26 
the body contents are in yellow perch. V 
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2.1 INTRODUCTION \
. 

vAlthough chemical analysis of fish or parts of_ fish provides 
information on bioavailability, it does not answer the welknown ’so 
what’ question i.e. what is the influence of the presence of toxic 
chemicals (e.g. - organochlorinated compounds and heavy metals) in 
fish. _ 

. s 

PASSINO (1984) gives a good overview of the methods which are 
available. for measuring sublethal effects (stress) in fish. For 
example the amino levulinic acid dehydratase (ALA—D) activity of lead 
exposure in fish (HODSON et al., 1984). Another method is biochemical 
analysis of bone composition, which can be altered by toxic chemicals. 
MEHRLE & MAYER (1975) report that collagen and hydroxyproline content 
of backbone in fathead minnows (Pimephales promelas) decreased after 
continuous exposure to toxaphene. They suggest , that the vitamin C 
metabolism may have been changed, which affected the collagen 
synthesis. Perhaps compartition between functions or structures for 
vitamin C, caused by the toxic chemical, _resulted in a functional 
deficiency of vitamin C in the bone synthesis. This reduction of 
collagen and hydroxyproline_ concentrations causes weaker bone 
structure, which makes the fish more vulnerable to mechanical stress. 
Therefore mechanical properties are now also analysed in addition to 
the chemigal composition (e.g. HAMILTON et al., l98la, 1981b, MEHRLE 
et al., l9 2). 

To investigate if bone composition is a good monitoring tool for 
measuring stress in fish-under field conditions, yellow perch ( Perca 
flavescens), which was caught during a pilot study in September and 
October l984 (GUAY & DANDURAND, 1986), was analysed for backbone 
composition. Mechanical properties were not investigated, so this 
study gives only the results of the chemical composition of the 
backbone. . 

2.2 MATERIALS AND METHODS ' 

The fish were caught by means of beach seining as part of the 
pilot study and were immediately frozen on dry ice. Since the 
objective of the study was evaluating the use of young-of—the-year and 
yearling fish for bodyburden contents of contaminants, the selection 
of specimens, especially older yearclasses, for the backbone analysis 
was rather restricted. The total number of specimens, that the lab 
could accept was also limited (75 specimens). Furthermore, due to 
transportation problems, the first batch of fish sent out for backbone 
analysis arrived thawed out at the lab and were, therefore, unsuitable 
for analysis. This mishap restricted even more our selection of 
specimens for a second batch -resulting in a rather heterogeneous 
composition (table 9). _ 
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"' table 9. Amount of fish per station and per age grsug submitted 

Station SL5 represents a potentially stressed environment, while 
Y . . F. and F5vare relatively less polluted (station loca-ions 37-‘ stat»io'n~s SL1]. 
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j The backbone analysis was carried out by the Great Lakes Research’ 
:5 Branch, Department of Fisheries and Oceans, Canada Centrfi for Inland 

> Waters, Burlington (Ont.), From every fish two set of vertebrae were 
s dissected. For the purpose of this report, we use the term duplicate 
@ to describe the results of those two sets. Collagen’ content was 
5 measured according to FLANAGAN & NICHELS (1962) and hydroxyproline by 

T the method of WOESSNER (1961). »The methods of analysis are described 
Q. in appendix B.l, 

A

“ 

P The results of the analysis are tested with an one—way model ,2 
ANOVA (SOKAL & ROHLF, 1981). The approach is that at first an ANOVA 

= is carried out and only is there is a.significant difference between 
~ the station—age groups (i.e. an age group at a certain station) 
,' partial ANOVA's (ANOVA’s which test only a part of the total variance) 
2 are carried out to investigate among which groups the difference 
I exist. The partial ANOVA's are orthogonal independent so the result 

’ of one does lnot influence the other. The orthogonal independence’ 
- between the partial ANOVA’s can be verified by summming the sums of 

. squares (SS) of the partial ANOVA’s. This is within rounding errors 
Q ' the same as the SS "among stationrage grouP5, The descriptive 
' statistics and the one-way ANOVA’s were calculated by means of the 

software package RS1 (ANONYMOUS , 1983). The coefficient of variation 
was calculated by the method of STEINER (1975), which can be 

- summarized as follows: 

::st‘.f-:_e:'\*: sf '.'-arzaiiew bet.-'esr= duplicates = 

- r\_ \ - ~ 
__ _ an 1 ; 1 (S; oz 1m:.repl=. (:.-: sf rephtst./t cf :*epls.))/ 

- G01’ fish gar s.=;.'5..4< as-an of 's.a.§.)

X ‘ where S2‘ 
_ 

= sun cf squares 
i_nd.:‘enls. = inliividllal r'eb1~it5tes 

# = number 
' rsp1.ttt. = replicate totals 
-. 2.-21.9. = stlatisn-age greup 

fg . ccs1’fi’~:isnt' of var-iiaticn within stati:=n—a3e greuo = 

(SB of repl.to’:../t of repls. -1 (mean of s.a.3..ii:2).§% of fish per s.a.g.)/ 
(#_ sf fish, per s.-a.g.)*. me"-an of -2.3.3.) 

Q, 2.3 RESULTS 

_ 

The detailed results of the backbone analysis are presented in 
; 

appendix B.2. Table 10 lists lthe descriptive statistics of the 
Q different age groups per station (station-age groups). ' 
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Figure 37. Hydroxyproline concentration in collagen of the 
backbone of yellow perch for the different station-age groups. 

For collagen there was no significant »difference between the station—agegroups (table lla). Station F5 was excluded from the 
ANOVA, because of unexplainable low collagen concentration in some fish (appendix B.2). Collagen concentrations which are 46-80% lower than normal, compared with the concentrations in other specimens, 
seems very unlikely, but unfortenately, these results could not be verified. ‘

~ 

For hydroxyproline there was a significant difference between the stationaage groups (table llb) which was mainly due to the variation among the age groups within station SL5. No significance difference 
was found between the reference stations and the more polluted 
station, between the two reference stations F5 and SLll and also not 
among the age groups within station SLl1. This result of the ANOVA is 
clearly visualized in figure 37: the 0+ group at station SL5 is lower than all others,'which, for the rest, are almost the same. 

_60._



.».-=1 

; ..~ '11 
._~~. ,._ -_~~ '- 

1.. 

1”; 

_~rZ. .4 

-.._. 

.‘ii 

T. . ~. 

.11-; 

59+ 

_;_, 

;i .1 

‘ a. co1£aien(m9)!v 

b-I in U” ;_J I'D 
5..- 

.4 -. Analysis of variance clazeifi 
a. collagen(mg)/vertetlrafig) 

- b. hi F 1‘: . 1 

"

: 

F.-' Lu -:4" M
. 

(3I 

~ ¢dr:xg-rs lrefpg)/ccl’a3en(ag) 

U -1 to- Th CT’ '1 111* ID -~ 
l.|J '~¢ 

A

" 

‘-0- 

W. 

P43 

12! 

U 

53. 

-;;| 

~

. 

in 

u 

.1‘) 

.13 

I1] 

m 

.. 

utl '1 

amang stat - 
_ groups 5 

within sis 1 -ii oups 62 
total 6? 

SS HS#55!DP E VALUE SIG LEVEL 

8483.-.. 15¥B.?09 1.2 0.321 
8?3Z9. ~ 1416.599 
96313 - 

U‘! 

r-4 

1.11 

(‘J1 

r-' 

:=. 

UJ 

-t> 

la 

b. hydraxypralifle(pg)/collégenimg) 

_. variance DE L' 

III 
CI
‘ 

|.'_' 
>-1 1 D (J '4: »ES HS=3§!HE -

A 

rrl <1: 17> KI |._.. 
l‘ 

1 
Ill’! 

D— 

4 
C3 |_-4 

Fl’! ~42.‘ £11 
t-

< 

[fl ‘.1 P... ;_.. 

E.) 

l'J 

0-‘ 

7-4 

LT’! gmang atatipn—a5a grcugs 
ES and S211 vs. SL5 
E5 vs. S111 
emofifi B92 grcflpa withir 
amcnn awe QPQUD5 within 9 

L 
' 'on-=@e qr" : 

<‘*' 

Z 
LI 

~' 

.~+- 

,4- 

lkl 

If 

;.4 

H. 
II‘ lf 

t?‘ 

I'M 
¢-+- H L' 

l.. 1 C (I '13 I’ 

‘-¢ (J1 

"~11 

\.J 

U‘ 

11> 

Ll] 

L-J 

t'i‘I 

LO 

I'D 

ll] 

I. 
J 

J 
UJ 

DJ 

(Q 

(J 

-

- 

w

I 

C) 

|Ib 

l'-J 

’\1 

I1- 

\J 

1-) 

»—* 

-1 

‘:0 

I-*4 

(AI 

Ln 

Ji 

ul» 

L-4 

S 

Ln) 

\‘| 

-_

-

- 

-I 

I,-J 

I--J 

9--' 

1.9 

L'..|'l 

ll) 

L71 

l3 

3 
RD

3
3 

n

I 

-.

u

- 

0:1‘: 

("J 

Ll‘ 

<'_> 

~31 

l3 

‘\I 

ll.“ 

\I 

ID 

C) 

C) 

£13 

‘Q 

1:4 ' .. 553.531 an-1 ’ 

a9:.7/4 HF“: -1‘ 43.;lJ 
2 119.311 .. 

397.. 1436.535-- 16.68 . 

5930.109 84.716 
a:'1 =qn 
1'\Jb\-ilv-641-‘A

_ 

Page 2-8

4



as _-\.-; 

at @Q 
H.-.--'-- 

-'-‘ITP
1 

.-..~1Fr-_ 

. 2'1 

- 2 

=v~- 

ii;

Q 

W4 :->:>-Q 

$3 
,=_'... a? 
EH 

,_ ._V 

’=—I§¥-i 
.__, 

--5 
La"-1 
. .'TT4 

5.‘-.'.-5 

FY. 
49. 

L5 
_a__4 

-- 
'. ‘-5 

4.-.3 
4. ..4 

. , “.5 
~;~¥nn 

‘ _-! 
i-'-d 

Page 2-9
~ 

I
. 

COEFFICIENT OF VARIATION (%) .2 - 

'50 ,___ c-co|.|.Aa:u 
M-uY:>aoxvm‘o|.ml 

CQEFHCIENY GF VARIATTON WITHIN STATION AGEGROUP

E . czizrncazqejr of VA5lA‘lflpN lE_TWEEN qumcnss 
40- 

30- 
.H. 

H H H 

2‘0- v 
H c " 

w» _» - 
mi m 

\\\\i\‘i h
=

W 

,1 /1 
AGE 2+ V 

STATION SL 11 ‘ SL 5 F5 

Figure 38. Coefficient of variation of the collagen and 
hydroxyproline concentration between duplicates within 
a fish and within a station—age group. - 

Figure 38 shows the relationship between the coefficient of 
variation within the- fish (between duplicates) and ‘within a 
station—age group? From figure 38 it is clear that the variation in 
collagen and hydroxyproline within a fish is an important feature, 
which could mean, that difference between stations are difficult to 
detect. If we again exclude station F5 (collagen only) the 
coefficient of variation within the fish is 3.8—l4.4% and within the 
group 5~l7%. For hydroxyproline, the percentages are 8.2—l4.4 and 
l7.0-25.4, respectively. 
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analysed. In table 12 are presented the concentrations of _toxic 
chemicals in young (young—of—the—year and yearling) yellow perch and 
spottail shiner which were caught during the same pilot study in 1984. 
These results confirm that station SL5 is definitely the more polluted 
station especially for PCB's and Hg. H 

Table 12. Ecdyturéen ccntent (ppm) cf toxic cheiicals in 
young-ofethe—year sputtsil shiner (fichu), 
vcung-of-the—yes: itefl) and yearling (?ef11+) 
yellow perch at the different stations. 

stationifi 
fish: Nohu 

nb=m\c: 9u_~_hw- 

C 
SJ 

'3 

Z1‘ 

U 
"1 

. .fifi? h .v.~ 
J2 '0

Y 
(‘)1 

U3 

-.- .02 .024

E 
Fail 

AM 
10 ..- 

T: LR 
§:€§ ..-- 

.M& 
AM 
.3 

‘U’: bhu 
F as» "U 

(D 

ID 

t"“ 

F‘; 

III 

,_.- 

.032 .01? 

.004’ .005 
J9 3“ 

SL5 SLl1 
Pefl1+ Hohu 

an n !Q§é -093 
.%02 .001 
£6 A7 

SL1} Elli 
Pfil Pfllh 

.N 

.M2 
15 ... 

I1: 
LO .036 .0?3 .125 .215 .23? .038 .065 .994 

We did not find, however, lower concentrations of collagen and 
hydroxyproline at station SL5 .and the collagen and hydroxyproline 
concentration did not show the same patterns over the stations. Only 
the hydroxyproline concentration of age group 0+ at station SL5 is 
lower than the others. This could however also be an age effect, 
which could not be verified, because no 0+ group were analysed for the 
reference stations. -

- 

At the moment the analysis of backbone is still in an 
experimental stage for use under field conditions. Even Mehrle, Mayer 
and Hamilton, who already’ worked for years (mostly under lab 
conditions)“ on this subject, obtain contradictory results between 
different fish species (e.g. compare MEHRLE & MAYER (1975) with 
HAMILTON et al. (l98lb)). 

Mechanical properties (e.g. elasticity, toughness, ultimate 
strain) have been studied by the same authors (HAMILTON et al., 
l98la). It seems that mechanical properties are more sensitive to 
environmental stress" than chemical characteristics (MEHRLE & MAYER, 
1982). The results between different fish species for mechanical 
properties were, however, also found to be contradictory (HAMILTON et 
al. 1981b). 

The above authors worked mostly with one or two year old fish- 
It 'has been suggested that backbone analysis should be carried out on 
older fish, because a change in the backbone composition, which can be 
reflected by mechanical properties, needs some time to manifest itself 
(M.WHITTLE pers. com.). This means that young-of-theeyear fish may 
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be analysed for toxic chemicals while older fish should be used for 
detection of sublethal effects. 

If, however, sublethal effects of toxic chemicals, reflected by a 
change in the composition of the backbone, are to be detected, they 
will have to be fairly large, because the within station—age group 
variation is about 10% for the collagen and 20% for the hydroxyproline 
concentration. Sensitivity of the method‘ might be increased yby 
analysing_ a 1arge- number of fishes per group, which would, however, 
makes it less useful as a monitoring tool in the field. l

. 

2.5 CONCLUSIONS AND RECOMMENDATIONS 
It is very difficult to draw conclusions based on these ‘results 

of the backbone analysis,p which are certainly influenced by the 
composition of the batch. The limited amount and the heterogeneity of 
the samples are , without doubt, some of the major causes preventing a 
good evaluation of the method. Furthermore the within station 
variation was larger than the between station variation. Only age 
group 0+ of station SL5 had a significant lower concentration of 
hydroxyproline in _comparison with the other station-age groups. As 
mentioned before this could be an age effect. 
» From the literature it is not clear if the method is alreadv 
suitable as a monitoring tool in the field. The work of Mehrle. Mayer 
and Hamilton was mostly oaried out under lab—conditions. At the 
moment is seems to be only a matter of time before the method is ready 
for use in the field. Especially when coupled with X—rays for 
screening populations for deformities-of the backbone, it could be a 
valuable tool for measuring stress of toxic chemicals on fish 
(M.WHITTLE pers.com.). Our batch of yellow perch was also screened by 
X-rays for deformities of the backbone and there was no‘ correlation 
found with lower collagen and hydroxyproline concentrations. 

"If a similar study is carried in the future there should be a 
more homogeneous and, if possible, a larger batch analysed then was 
the case with this study. The fish should then also be analysed for 
mechanical properties because this could be a more sensitive tool as 
the chemical parameters. It is also possible that the pollution has 
to be more severe to detect differences with a reference station. 
MAUCK et al. (1978) report a lab study with Aroclor 1254. They find 
a decrease _in the hydroxyproline concentration in young fish at a 
waterconcentration of 3.1 ug/l. The observed bioconcentration factor 
was 40.000 to 47.000. This means the fish contained at least 124 ppm 
of Aroclor 1254 as bodyburden, which is at least 300 times higher than 
in our study. These were ’shortterm’ effects (exposure time 118 days) 
and therefore sublethal effects could probably be detected at lower 
concentrations .after a longer exposure time. They also tested only 
gne ggmpound, while in nature we find many different toxic chemicals 
oge .er. A 
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One of the major problems in the future could, however, _become 
the extrapolating of results from a study on one fish species_t0 other 
species. This means, that one species could have altered ‘bone 
composition while another species is normal, although they have the 
same bodyburden of toxic chemicals in and were caught at the same 
place and time. 
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I SUBSTANCES IN FISH IN THE ST.LAWRENCB RIVER. 
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B.1 BACKBONE ANALYSIS
4 

Source: Mike Keir, Great Lakes Fisheries Research Branch, Department 
of Fisheries and Oceans, Canada Centre for Inland Waters, Burlington 
(Ont.) V

. 

B.l.l Collagen And Mineral Content 
Reference: FLANAGAN, B. & AG.NICHOLS Jr., l962. Metabolic 

studies of bone in Wvitro y(collagen biosynthesis by surviving bone 
fragments in vitro). J. of Biol, Chem. 237: 3686-3692. 

Reagents: 

0.1 N NaOH: 5'ml of 10 N NaOH to 500 ml with H20, ' 

lO%’EDTA: 100 gm Disodium Ethylenedimaine—tetracetate (EDTA) up 
to l l with H20 after adjusting pH to 7.5. Add l0 N Na0H as needed to 
get EDTA to dissolve. Start with less than final volume of H20, 

l:l ETOH~ether: l:l ratio.by volume of abs. Ethanol (ETOH) to 
distilled pet. ether._ - -

_ 

Procedure: 
l. Dissect backbone; dry at 110 0C for 1-2 hrs. for small bone 

or overnight for for large bone. Determine wet and dry wt. to 
calculate % H20: (wet — dry)/wet. 

_ 

2. Cut dry backbone in half: use the anterior portion for 
mineral determinations and the posterior portion for collagen 
determinations. 

...'75_
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3. Mineral portion: add the appropriate amt. of 5 N HCl 
(depends on wt.) and heat in oven at 110 oC overnight. Determine 
calcium and phosphorus on this hydrolysate (may have to be diluted in 
a 2nd set of test tubes). 

- Collagen portion: 
_ 

7
. 

i a._ Add 4-5 ml of 0.1 N NaOH; shake 3-4 hrs. at room temp. 
. 
for 

small backbone and overnight for large backbone. 
A 

b. Take backbone out of NaOH and put into 4-5 ml of 10% EDTA pH 
7.5; shake overnight at 5'oC. . 

' 

_ 
_

' 

c. To NaOH supernatant from above add 4 ml of 10% EDTA and 
shake;_centrifuge; white ppt. should result; discard supernatant; add 
4 ml of 6 N HCl to ppt.; place in oven at 145 QC for 4 hrs.; determine 
hydroxyproline (see below) on this hydrolysate. 

d. From part (b); aspirate off EDTA and_add to bone 4-5 ml of 
_fresh 10% EDTA pH 7.5; shake overnight at S 0C. .

i 

e.‘ Aspirate off EDTA and wash bone with H20; aspirate off; wash 
bone with acetone; aspirate off. ' 

f. Add 4-5 ml 1;l ETOH-ether solution to bone and shake at room 
temp. for 2 hrs.; aspirate off ETOH-ether. 

g. Dry bone on hot sand bath plate "at approx. 90-100 oC 
(CAUTION: do not char backbone. 

h. Weigh; this is pure collagen. 

i. Add appropriate amt.of 6.N HCI (depends on wt.: 1 ml 6 N HCl 
per mg collagen); heat in oven at 110 0C overnight or at 145 oC for 4 
hrs. Determine hydroxyproline & proline after neutralization. 

B.l.2 Hydroxyproline Content 
Reference: 
WOESSNER, J.F, Jr., 1961. The determination of hydroxyproline in 

tissue and protein samples containing small proportions of this amino 
acid. Arch. Biochem. Biophy. 93: 440-447. 

Method: 

Colorimetric. Hydroxyproline is oxidized to pyrrole—2-carboxylic 
acid by chloramine VT which is then destroyed with perohloric acid. 
p-Dimethylaminobenzaldehyde is the colorimetric reagent which forms a 
chromogen with pyrrol—2-carboxylic acid.

_ 

.- -76-



ri 

t. .._ 

=_ -';-_-. 

L__-.~. 

.__-. ; 
"=T__‘l :.- : 

_; .>¢.. 

f'.1'-‘L 

§ __ .'T-._'; 

-.. - -‘I 

‘Y=-4 

1-£1;-.3-Z; 

o - 

._--,...; 

Y. 

.,_.______- 

-.1-.:\'.2.;1 

-1 ~ ::\ 

_;,=s.'.-.'-‘g5, 

.-:-‘ -=1. 

...é.¢.-,- 

’ 

Page B-3 

Standard curve: \
- 

Make standard fresh daily. Use L—hydroxyproline diluted in H20 
to make a stock standard concentration of 8 ug hydroxyproline per 
aliquot assayed. Assay standard curve of 8, 4, 2 and 1_ug OHPRO per 

' 

as used in assay step #_l. ,‘ 
_ 

__ 
_

_ 

Reagents: _

_ 

0.05 M Chloramine T (sodium p— toluenesulfonchloramide): - 

- Prepare fresh daily by dissolving 0.7 g chloramine T in 10 ml 
H20, adding 15 ml of methyl cellosolve (ethylene glycol monomethyl 
ether) and 25 ml of citrate buffer in a 50 ml volumetric flask. Keep 
in glass stoppered flask. V 

Citrate buffer: 

Add 45.7 g of anhydrous citric acid," l2 ml of glacial acetic 
acid, 72 g anhydrous sodium acetate and 34 g of NaOH to a beaker set 
in ice (CAUTION: extremely exothermic reaction— prepare in hood). 
Add approximately 800 ml of H20 and mix. Adjust pH to 6.0. Dilute to 
l l in a volumetric flask with H20. Store in refrigerator under 
toluene.- 

3.l5 M Percloric acid: " 

Take 27.0 ml of 70% percloric acid and dilute to l00 ml with H20. 

20% p—Dimethylaminobenzaldehyde (PAB): ' 

Stored in’ freezer door. Prepare shortly before use. Add 
approximately 25 ml methylcellosolve to a 50 ml erlenmeyer flask 
containing l0 g PAB. Place flask inside a beaker in a 60 oC water 
bath for l5*2O minutes to aid in solubilization. Dilute to volume in 
a SO ml flask with cellosolve. T - 

Procedure: 
1. Place the same volume of blank (H20), standard and unknowns 

in clean test tubes. '

_ 

2. Add l ml chloramine T, mix and let stand 20 minutes. 

3. Add l ml perchloric acid, mix and let stand 5 minutes. 

4. Add l ml PAB and mix. _ 

5. Incubate 20 minutes in a 60 0C water bath. 
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_ 

E 6. Cool to room temperature in tap water , mix immediately prior 

3; 
to reading and read on spectrophotometer at 557 nm. 
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B
B 2.1 Backbone Analysis Of Yellow Perch 
.2 ‘ANALYTICAL RESULTS“

\ 

SI = ststisn; L = Iengih; HI = weight; COL = collagen; 
UER = vertebrae (backbone); H-P20 = hydroxyproline; 1 X 2 =_dupl1ca£ee 
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..19.6 
24.3 
32.5 
43.3 
33.9 

36.5 
39.6 
16.0 
"FF '1 IJII 
31.3 
17.8 
36.4 
fin 
11 LII! 

36.7 
37.0 
32.3 
33.6 
@q.a 
E515 
37.8 
23.4 
27.4 
47.6 
46.6 
5: 4 .III 

40.0 
69 2

I 
I~-I 

.C> 

01> 

(.41 

[JJ 

}“.' 

U‘\ 

vb 

Ja- 

(J1 

Ib 

(J1 

DJ 

L41 

J> 

l‘_"l 

LII 

hi 

1' 

\J 

‘-J 

J» 

‘*1 

\D 

K13 

ID 

O3 

L41 

II» 

ID 

LII 

Q 
I‘-' 

D"! 

43

-

I 

I

I

I 

I 

I 

I

I

I 

I

I

I 

I 

I

I

I

I 

\-1 

I.-J 

l'-J 

4.0 

ID 

CO 

5-0 

OJ 

(3 

R3 

K} 

DJ 

hr 

O" 

I» 

Ib 

_ 8() _ 

17.3 
22.0 
33.1 
39.1 
34.3 
35.5 
21.6 
37.5 
'1': 
{lung 

21.5 
25.1 
17.2 
9'2 8-I I EU 

hi 

n) 

I.-J 

U?‘ 

I

I 

1D 

in 

I-»J ;—I I CD 

G4 W uuIa 
42.0 
44.3 
34.3 
32.0 
44.3 
43.6 
5.!‘ 

I"-J 

LO 

(Ii 

III

L 

CID 

(TI 

.13 

0.‘)

O

I 

I

I 

I

I 

ID 

U‘ 

lL'Il 

Mi 

C?‘ 

33.2 
5 

(IJ 

LL" 

K-4», 

Lb 

U5 

IJI 

KAJ 

L" 

vb 

IJI 

I~ 

1.4) 

(J! 

CO 

OJ 

I-J 

II» 

I» 

l~J 

\.] 

Q5 

1,.)

I 

I

I 

I

I 

I

I 

I 

I 

_I

I 

I-I 

(J 

AZ? 

(D 

I4.) 

(.0 

I-4 

CO 

MO 

‘DJ 

I2-J 

mean 
u-?se/ 
ca;

- 

18.45 
23.15 
33.80 
41.15 
31.60 
40.25 
24.05 
7? nq ..... 
19.95 
31.35 
23.70 
17.50 
33.10 
fin 30 IIIIIII 

24.65 
25.30 
37.00 
34.30 
no 56 -uI-J 
30.40 
35.40 
41.05 
33.10 
33.70 
45.95 
44.50 
50.40 
44.20 
e4.as 
33.00 
22.26 
s1.eo 
47.40 
44.35 
36.10 
55.10 
46-45 
55.30 
37.10 
52.30 
66.05 
45.85 

b 
(J1 

C II 

II 
I 
0*‘ 

U9

I

I

I 

Kb 

I-4 

F -4 

II} 

l‘ 

J1 

1-D 

7 
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