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Recent surveys have shown the wide d is t r ibu t ion  of lindane in fresh- 
water ecosystems in Belgium (Gordts 1975, Thom~ and Thom# 1982, 
Marcelle and Thom# 1984). Although d i f fe rent  studies have suggested 
that lindane is strongly accumulated in freshwater organisms 
(Portman 1979, Ullmann 1972), data about the re la t ive importance 
of accumulation through the food or d i rec t ly  from the water are 
not available. 

This study attempts to evaluate, under laboratory condit ions, the 
re lat ive importance of both modes of entry of pesticide into f i sh .  
These laboratory conditions were chosen to be representative of a 
natural ecosystem: the experiment was conducted for  a long period 
of time, on a wild and widely distrbuted species, the gudgeon- 
Gobio gobio (L.)- ,  and in a water contaminated by lindane in the 
ppb range, i .e .  concentrations found in belgian r ivers running in 
agr icu l tura l  area (Marcelle and Thom~ 1984). 

MATERIAL AND METHODS 

In th is  experiment, the f ish were fed with contaminated and non 
contaminated Chironomidae larvae. Fish and Chironomidae larvae 
were obtained from a local f ishing store. 

The gudgeons were 8 to 10 cm long and had an average weight of 
6.1 g (o = 2.1). Fish and larvae were d is t r ibuted in 70 L tanks 
continuously supplied with 60 ml/min of lindane contaminated tap 
water. The lindane concentration was maintained at (1.1• ppb 
in well aerated water during the intoxicat ion period. 

120 f ish were d is t r ibuted in 4 tanks (30 f ish per tank). Two tanks 
were designed for  the intoxicat ion of f ish fed with Contaminated 
Food (CF tanks); the other 2 were designed for  the intoxicat ion of 
f ish fed with Non Contaminated Food (NCF). Chironomidae larvae were 
maintained in a 5th aquarium. Uncontaminated larvae were placed in a 
small aquarium continuously supplied with tap water. 

Fish were fed once every two days, during the intoxicat ion period, 
with 6 to 3 g of larvae per tank, depending on the number of f ish 
remaining in the aquariums. During the detoxication period, they 
were not fed. 
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The physico-chemical parameters of water, measured during the expe- 
riment with an Aqua Merck k i t  were: pH = 8; total hardness: 200- 
220 ppm CaO; n i t r i t e s :  0.05-0.1 ppm; n i t ra tes :  25-30 ppm; NHC: not 
detected. Temperature was maintained at (14 • I )% .  

At d i f fe rent  in tervals ,  3 f ish were removed fron both the CF and 
the NCF tanks and lindane concentrations were determined; the 
lindane accumulation in larvae was also followed. Lindane concen- 
t rat ions were measured in water, brain, l i ve r ,  and Chironomidae 
larvae as previously described (Marcelle and Thom~ 1983). 

Gudgeon and larvae lindane accumulation were followed for  18 days. 
The pesticide flow was then stopped and the lindane concentration 
was followed in the f ish during a 30 days detoxication in tap water. 

RESULTS AND DISCUSSION 

The lindane concentration in Chironomidae larvae at the beginning 
of the experiment was 50 ppb; the concentration reached 100 ppb 
a f ter  a week of exposure. This concentration corresponds to what 
can be found in the usual food of gudgeons under natural condit ions 
(P~rcelle and Thom~ 1984). 

Table I gives lindane contents measured in l i ve r  and in brain at 
d i f fe rent  times during a chronic intoxicat ion with lindane and 
during the subsequent detoxication. 

As in a previous work (Marcelle and Thom~ 1983), the logarithmic 
transformation of the data was used before s ta t i s t i ca l  analysis. 
We have shown that no s ign i f i cant  correlat ion can be found between 
the total  fresh weight of f ish and the lindane content found in each 
analysed organ ( l i ve r  and brain).  This observation is opposed to 
the resul ts obtained by d i f fe rent  authors (Buhler et al .  1970, 
Kanazawa 1978). Our resul ts could be explained by the weak dis-  
persion of f ish weights as a resul t  of the f ish selection made 
before the experiment. 

As the sex of each f ish was determined during dissect ion, s ta t i s -  
t i ca l  analyses were conducted in order to determine wether a cor- 
re lat ion between lindane content and sex could be demonstrated 
(Figure I ) .  We found s ign i f i cant  differences according to f i sh  
sex during both in tox ica t iopand detoxication. 
a) during in tox icat ion,  the lindane accumulation in male f ish 

l i ve r  was higher than in female f ish l i ve r  (p ~ 0.05), while 
male f ish brain accumulated less lindane than female f ish 
brain (p ~ 0.01). 

b) during detoxicat ion, male f ish l i ve r  showed a higher lindane 
content than female f ish l i ver  (p ~ 0.03); no s ign i f icant  d i f -  
ference in lindane contents of brain could be found between 
male and female f i sh .  

In mammals, i t  has generally been shown that pesticide bioaccumu- 
la t ion was higher in males than in females (Matsumura 19751. We 
confirmed these observations on the gudgeon only in the case of 
l i ve r ,  not for  the brain. 424 



Table I :  Lindane contents ( in  ppb) in gudgeon l i v e r  and brain 
dur ing a chron ic  i n t o x i c a t i o n .  Lindane concentrat ion 
in water: Ippb. Fish were fed with e i t h e r  Contaminated 
Food (CF) or Non Contaminated Food (NCF). 

Sampling Time L i ve r  z Brain z 
number (h) 

0 02 20 • 4 (6) 91 • 60 
I 6 85 • 24 (5) 97 • 45 
2 23 199 • 86 (5) 70 • 16 

243 NCF 4 CF 4 NCF 4 CF 4 

3 30 184 • 6 225 • 93 65 • 28 191 • 103 
4 49 330 • 108 241 • 4 219 • 41 167 • 38 
5 74 420 • 166 506 • 234 207 • 48 270 • 135 
6 126 431 • 248 479 • 355 116 • 31 180 • 61 
7 220 1159 • 609 341 • 124 328 • 38 1137 • 791 
8 315 1832 • 1277 900 • 240 461 • 132 395 • 79 
9 433 1596 • 1065 4037 • 3883 759 • 471 620 • 228 

. . . . . . . . . . .  457 . . . . . . . .  End of  i n t o x i c a t i o n  . . . . . . . . . . . . . . . . . . . .  

10 536 205 • 104 350 • 330 92 • 39 147 • 51 
11 728 136 • 149 142 • 38 65 • 25 100 • 25 
12 1178 50 • 6 65 • 2 26 • 11 54 • 3 

z: mean • SD; ( x ) :  number of analyzed f i s h  
2: l indane concentra t ions in the contro l  group 
3: time of the f i r s t  feeding 
4: f o r  each moment, a f t e r  the f i r s t  feeding,  resu l t s  are the mean of 

analysew of 3 f i s h  

During i n t o x i c a t i o n ,  a two-way ana lys is  of variance ( l i n d a n e c o n -  
cen t ra t ion  vs type of  food) did not show s i g n i f i c a n t  d i f fe rences 
in l indane accumulation in l i v e r  and bra in of  f i s h  fed wi th  e i t h e r  
normal or i n tox i ca ted  food. A l l  the data were thus combined. We 
found f o r  the brain a very h igh ly  s i g n i f i c a n t  l i n e a r  co r re l a t i on  
between the neperian logar i thm of l indane concentrat ion in t h i s  
organ and the time of exposure to pes t ic ide  (Figure 2) .  

For l i v e r ,  the co r re l a t i on  between both terms of r e l a t i o n  was loga- 
r i t h m i c .  

These resu l t s  impl ied that  the decimal l indane concentrat ion in 
bra in increased exponen t ia l l y  wi th the time of exposure to l i ndane ;  
on the other  hand, l indane concentrat ion in l i v e r  increased l i n e a r  -~ 
l y  wi th  the time of  exposure to the t ox i can t .  
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Figure I :  Means of  l indane concentrat ion in bra in (A) and in l i v e r  
(B) of  male (~) and female (4) f i s h  dur ing an i n t o x i c a t i o n  
and the subsequent de tox ica t ion .  The beginning of  detox- 
i ca t i on  is shown by an arrow�9 
N~ sampling n ~ (see tab le  I f o r  the times corresponding 
to sampling n ~ ) 
?: no female in t h i s  sampling; we show the r e s u l t  of 
the preceeding sampling. 
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Figure 2: Evolut ion of l indane contents in brain (A) and in l i v e r  
(B) during a chronic i n t o x i c a t i o n ;  CF resu l t s  and NCF 
resu l t s  are combined. Regression equations and regression 
c o e f f i c i e n t s  are:  
bra in :  y = 0.005 x + 4.52; r = 0.766 
l i v e r :  y = 0.754 Inx + 2.619; r = 0.890. 

In a previous experiment (96 hours LC 50 experiment, Marcel le and 
Thom~ 1983), we had shown s i m i l a r  increases of l indane contents 
in brain and l i v e r  wi th the l indane concentrat ion in the medium. 
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Concentrations simi lar to those attained in the present experiment 
had been found in brain and l i ve r  a f ter  a 96 hours exposure to a 
lindane concentration in the medium of • 37 ppb. Such a concentration 
in the medium had induced a 10% morta l i ty  in the f ish population. 
With identical brain and l i ver  contamination, we did not observe 
simi lar mortal i ty  in the present experiment. I t  seems that adapta- 
t ion mechanisms, favorable to the f ish survival ,  havetaken place. 
One mechanism effect ive against pesticide penetration could be the 
blood-brain barr ier  (e.g. Morgan and Roan 1970, Davison 1970). 
This is supported by data from previous experiments (Marcelle and 
Thom~ 1983) showing blood-brain barr ier  effectiveness at low (0.2- 
20 ppb) pesticide concentration in water. 

For detoxication, a two-way analysis of variance of the resul ts  
obtained for  l i ve r  did not show s ign i f icant  differences in lindane 
contents found in l i ve r  of f ish fed with normal or intoxicated 
food. Thus the detoxication rate in l i ve r  did not depend on the 
nature of food. Combining the data, we found a s ign i f i can t  logar i -  
thmic correlat ion (p = 0.001) between pesticide content in l i ve r  
and du~ration of detoxication (Figure 3). 
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Figure 3: Detoxication curve of l i ve r ,  a f ter  a chronic intox- 
icat ion.  CF and NCF are combined. Regression equation 
and regression coef f ic ient  are: 
y = -0.556 In x + 7.665; r~= -0.706. 

However, in brain, detoxication rate seemed to depend on the type 
of food given during the intoxicat ion period (Figure 4). When f ish 
were fed with contaminated food, the detoxication in brain was slower 
than in f ish fed with non contaminated food. In both f igure 3 and 
4, the concentration at the beginning of detoxication were cal- 
culated from the regression equation given in  f igure 2. 

At the end of detoxicat ion, the lindane contents in brain were 
lower than at the beginning of the experiment (35 ppb vs 60 ppb). 
In l i ve r ,  a f ter  31 days of detoxicat ion, the pesticide contents 
were s t i l l  higher than at the beginning of the experiment (60 ppb 
vs 20 ppb). 
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Figure 4: Detoxication curves of brain, af ter  a chronic intoxica- 
t ion.  A: f ish fed with non contaminated food; B: f ish 
fed with contaminated food. Regression equations and 
regression coef f ic ient  are: 
A: y = -0.582 In x + 7.125; r = -0.918 
B: y = -0.482 In x + 7.167; r = -0.950 

I t  was obvious in our experiment of chronic intoxicat ion that the 
transfer of pesticide via the food chain was of lesser importance 
to the accumulation of pesticide than the direct  uptake from water. 
This could be due to the fact that the difference in lindane con- 
tents between contaminated and non contaminated larvae was too 
small (100 ppb vs 50 ppb). This conclusion is opposed to the results 
generally obtained for most l i poph i l i c  organochlorine insecticides 
such as DDT e.g. (Matsumura 1975, Edwards 1973). Our conclusion, 
however, is in accordance with those of Ellgehausen et al (1980), 
who have demonstrated, for less l i poph i l i c  pesticides such as atra- 
zine, monuron, 2-4 D, the importance of the direct uptake from the 
environment. 
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