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Abstract

European eels (Anguilla anguilla), crucian carps (Carassius carassius) and catfish (Ictalurus nebulosus) were
collected in three coastal locations of the Vaccarès lagoon (French National Nature Reserve of Camargue). The
purpose of this paper is to report results of the first biomonitoring investigation in fish living in this protected coastal
wetland. Residues of organochlorine (OC) contaminants (i.e. SPCBs, gHCH, HCB, dieldrin, pp %-DDE) were
determined in hepatic and muscular tissues, in order to compare geographical and seasonal distribution. Total
exposure levels appeared to be more important in fatty fish such as eels than in crucian carps and catfish. The highest
OC concentrations in liver (SPCB) and in muscle (gHCH) were detected in Spring in some fish coming from a site
located near the mouth of a canal draining irrigation waters of rice fields. Morphophysiological parameters (condition
factor, organo-somatic indexes and lipid tissue composition) were measured concomitantly. Correlations between the
hepatic and muscular burdens of OC and condition factor or organo somatic indexes were infrequent and rather
negative. Localization of lipid accumulation (neutral or polar lipids) depended on metabolic rates of different species
and appeared related to the fish trophic level. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Littoral wetlands are currently ranked amongst
the most endangered aquatic ecosystems. In addi-
tion to the fact that they are claimed for indus-
trial, agricultural or residential planning, they are
exposed to pollution. Indeed, a number of non
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point source chemical pollutants are transferred
from watercourses or through precipitations after
atmospheric transport and deposition and may
reach rather high concentrations. The migration
of chemicals from soil or air to water may cause
an accumulation of multiple residues in water and
sediments and impinges therefore on biota (Singh
et al., 1998). As a consequence, such environmen-
tal alterations raise a number of ecological and
ecotoxicological problems.

The French National Nature Reserve of Ca-
margue (NNRC, La Capelière F-13200 Arles),
located in the Rhône Delta (Southern France), is
the largest protected coastal wetland in western
Europe. This NNR (13 000 Ha area) stretches
from the northern Vaccarès lagoon to an offshore
bar formed by the last undamaged sand dunes of
the Mediterranean coast. Since 1977, the NNRC
is classified by UNESCO as an ‘International
Reserve of Biosphere’. Vaccarès lagoon (6400
Ha), the main water body of the NNRC, is sur-
rounded by agricultural areas, mostly rice-fields.
Dikes erection, high input of fresh water and low
water exchange with the Mediterranean Sea have
resulted in a formation of a brackish aquatic
ecosystem with a positive gradient of salinity from
North to South. Moreover, hydrological balance
depends, on one hand, on seasonal variation–
high rate of evaporation in summer and abundant
autumnal rains–and on the other hand, on water
input from canals, which pour into the Vaccarès
lagoon about 50×106 m3 fresh water a year.

The organochlorine (OC) pesticides and indus-
trial mixtures like polychlorinated biphenyls
(PCB) are ubiquitous contaminants in the envi-
ronment, despite their use being prohibited (or
strongly restricted) in France since 1990. How-
ever, the adjacent rice-fields of Vaccarès lagoon
are sprayed to a great extent with a number of
pesticides, especially OC insecticides such as lin-
dane. In addition, irrigation waters are pumped
from the Rhône river and irrigation ditches dis-
charge into the lagoon mainly via the Fumemorte
canal (Heurteaux et al., 1992; Rosecchi and Criv-
elli, 1995). Because of its exceptional and well
known environmental conditions, the absence of
nearby industrial sites, but the proximity of the
Fos-sur-mer petrochemical complex (an impor-

tant source of polycyclic aromatic hydrocarbons)
(Ramade, 1997), the Camargue provides an inter-
esting opportunity for ecotoxicological studies in
fish populations living in the waters of the Vac-
carès lagoon.

The primary objective of this work was to
evaluate hepatic and muscular accumulation of
OC and a whole set of physiological parameters in
representative fish populations of the Camargue
ecosystem.

The analyzed OC in fish tissues were hex-
achlorobenzene (HCB), lindane or gamma hex-
achlorohexane (gHCH), dieldrin, a DDT
metabolite pp %-diphenyldichloroethylene (pp %-
DDE) and total polychlorinated biphenyls
(SPCB).

A number of studies regarding the effects of
organic xenobiotics on fish have extensively
shown that exposure to current pollutant levels
results in many stress responses and disturbance
of the normal physiology (Stein et al., 1993; Bur-
geot et al., 1996; van der Oost et al., 1996, 1997).
Usually these responses were assessed by bio-
chemical markers, mainly the liver biotransforma-
tion enzymes. However, the sensitivity of such
hepatic parameters depends on a chronic state of
contamination by organic trace pollutants and the
intensity of their response is modulated as a func-
tion of biological characteristics of the animal
(e.g. trophic level, habitat, age, etc.). In addition,
our previous results tend to support the view that
slight environmental perturbations induce a high
variability in some biochemical markers’ re-
sponses (Roche and Bogé, 1996).

The use of fish biomarkers in monitoring an-
thropogenic chemicals is an unexplored procedure
in the Camargue, as the majority of studies about
fish populations of this area were devoted to
systematic analysis, biometry and ecology (Criv-
elli, 1981; Heurteaux, 1992; Poizat and Crivelli,
1997). In this first study of biological monitoring
of Vaccarès lagoon, we have analyzed descriptive
parameters (biometry, condition factor, hepato-
and gonado-somatic indexes, nutritional state and
possible parasitism level) in order to associate OC
tissue content to such physiological responses to
assess exposure to pesticides.
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We have studied the seasonal variations of OC
in connection with field samplings in three species
of teleostean fish for a 2-year period (1996–1997):
the european eel (Anguilla anguilla), the crucian
carp (Carassius carassius) and one alien invader, a
catfish (Ictalurus nebulosus). Multivariate and
bivariate statistical analysis were performed to
elucidate the relationship between biological
parameters and the contaminant content in
tissues.

2. Material and methods

2.1. Field collection

Fish were caught by means of fixed fishing nets
in Vaccarès lagoon and outside the NNRC, by
authorized fishermen. Samples were collected
from three coastal sites (see Fig. 1): (1) the
Fumemorte canal (FUM), upstream of its mouth
in the south-east of the Vaccarès lagoon. This

Fig. 1. The Camargue (France). Reference sites: FUM, Fumemorte; CAP, La Capelière; MOR, Mornès.
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canal drains rice field irrigation waters. (2) the
place named ‘la Capelière’ (CAP), in the east of
the lagoon, approximately 300 m to the north of
the canal mouth. (3) Near the Mornès peninsula
(MOR), the reference site, to the furthermost end
of the fresh waters inputs. During the experimen-
tal period the mean salinity varied from 3.4 to 8 g
l−1.

Fish collections were performed in autumn
(November 1996); winter (January–February
1997) and at the end of spring (June 1996 and
1997).

2.2. Characteristics of analyzed fish

The european eel (A. anguilla) is a common fish
in Camargue. It stands as a eurhyhaline and
migratory species, however sedentary for a long
time (about 9–15 years) in such Mediterranean
littoral wetlands. This teleostean is a predator
and carnivorous fish which lives in contact both
with sediment and in free waters. The
crucian carp (C. carassius) was recently (about 15
years) and accidentally imported into Camargue.
The present population explosion is due
to a sudden decrease of salinity subsequent
to the disastrous floods of 1993 and 1994.
It is a littoral stationary species which lives in
stagnant waters and marshes. This preferably
herbivorous cyprinidae is devoid of stomach
and has a bulky hepatopancreas. In Camargue
this species is gynogenetical, therefore all
the examined crucian carps were mature females
with full gonads. Catfish (I. nebulosus) is a sedi-
mentary fresh water siluriform, coming from
North America. Its natural feeding diet is mani-
fold; indeed, this omnivorous fish is highly preda-
tory towards eggs, alevins and yearlings of other
species.

2.3. Sampling of fish

The fish were stored frozen (−20°C) for trans-
port to our laboratory in Orsay (Paris – South
University). After an overall external examina-
tion, they were weighed and measured. Condition
factor (CF) was calculated from a reference popu-
lation according to Bogé et al. (1991) with the

ratio CF=real weight/theoretical weight. Then
the fish were opened, and organs were carefully
excised. The weight of liver, gonads and viscera
were recorded and organo-somatic indexes were
evaluated-HSI: hepato-somatic index (weight of
liver or hepatopancreas/total weight×100%);
GSI: gonado-somatic index (weight of gonads
eventually with eggs/total weight×100%); VSI:
viscero-somatic index (weight of intestine plus (or
not) stomach/total weight×100%). The swim-
bladders of A. anguilla were examined in order to
count Anguillicola crassus, a nematode which is a
dominant and widespread parasite of European
eel populations.

Samples of liver and muscle were collected.
Water content was determined in tissues by oven-
drying at 105°C for 24 h. Total lipids were ex-
tracted with a chloroform-methanol solution
(Folch et al., 1957) and weighed. Phospholipids
were estimated by a colorimetric determination of
lipid phosphorus (Fiske and Subbarow, 1925).
All analyses were performed with individual sam-
ples.

2.4. Organochlorines analysis

Two kinds of OC extraction were tested. First,
liver and muscle samples were homogenized in
hexane (HPLC-quality, Prolabo) with an Ultra
Turrax T25 (Janke and Kunkel) and an addition
of anhydrous sodium sulfate in order to eliminate
water. Secondly, OC extractions were performed
from lipids, previously isolated by dichloro-
methane/methanol procedure, and dissolved
again in hexane. The efficiency of such methods is
variable for each group of pesticides. A
comparative study between the two extraction
procedures has shown that the best detection for
non-polar compounds such as SPCB (until four
times more) was obtained after extraction from
lipids, whereas the recovery was similar for
others OC residues. Consequently the selected OC
have been successfully isolated from the lipid ma-
trix.

The dry hexane solution containing fat and
pollutants was purified on a column of Florisil
60/100 Mesh (activated (2 h, 650°C) then deacti-
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vated (4% deionized water, Milli Q®)]. Extracts
were analyzed for 22 PCB congeners (IUPAC nos.
18, 31, 52, 49, 47, 44, 66, 101, 110, 105, 118, 119,
151, 153, 156, 138, 180, 170, 199, 195, 194, 209),
HCB, pp %-DDE, gHCH and dieldrin. SPCB, HCB
and pp %-DDE were eluted with hexane, gHCH
and dieldrin were eluted with hexane/diethyl ether
(95/5 v/v), following recommendations for clean-
up procedures of Durand et al. (1989). Eluates
were evaporated to dryness and dissolved in 1 ml
of hexane. The efficiency of extraction and clean-
up was assessed with a fish impregnated with a
given amount of OC and then subjected to the
total procedure of extraction/purification. The
mean percent recoveries (98%) obtained for
HCB, gHCH, dieldrin and pp %-DDE were ranged
from 84 to 90% and was 69.5% for SPCB. Recov-
ery was regularly verified.

Analysis of OC extracts were performed by gas
chromatography with a Girdel 3000-electron cap-
ture detection (63Ni Source) with a 20 m quartz
capillary column (internal diameter: 0.53 mm; sta-
tionary phase: SE 54-1.2 mm)-Argon/Methane
(90/10) as carrier gas at a flow of 2 ml min−1. The
temperature of injector and oven was held con-
stant at 220°C and 300°C respectively. Sample
volume of 5 ml was injected. Data were collected
on an integrator Enica 21 (Delsi). Identification
and quantifying of compounds were made by
retention times calculation and by injection of two
standard solutions (HCB/SPCB/pp %-DDE and lin-
dane/dieldrin). In such conditions the detection
limits were between 0.1 and 0.5 ng g−1 for OC
pesticides and of 0.8 ng g−1 for SPCB. The
analytical performance was regularly validated
with external OC pesticides and PCB (Aroclor
1242, 1254, and 1260) standards and concentra-
tions were corrected for procedural blanks.

2.5. Chemicals

Hexane and other solvents (analytical grade)
were purchased from SVIP company (F75012
Paris, France) and OC standards from Alltech
France SARL (F59242 Templeve, France).
Sodium sulfate anhydrous p.a. was supplied by
Acros organics France (F93166 Noisy-le-grand
cedex); florisil was purchased from Touzart et

Matignon (F94403 Vitry sur Seine, France). Oth-
ers chemical products were obtained from Sigma
Chemical Company Europe (38297 St. Quentin
Fallavier, France).

2.6. Statistical analysis

Statistical analysis was performed with a
Statview program installed on a Macintosh com-
puter. The statistical, geometric and harmonic
means (harmonic mean=n/�(1/xi) with xi= indi-
vidual values, n=number of values) were calcu-
lated as the suitable confidence interval in which
95% of the values were included. The comparison
between the different experimental groups was
made by ANOVA. Significant differences (PB
0.05) were estimated on the basis of Fisher,
Scheffe and Dunnett’s tests.

3. Results and discussion

3.1. Somatic parameters and nutritional status

Eels (53), crucian carps (31) and catfish (32)
were analyzed. Half the eel population weighed
less than 200 g and were young adults or imma-
ture. Their nutritional states, assessed by a de-
scriptive coefficient of emptiness of their digestive
apparatus (i.e. Vacuity coefficient=1 (number of
preys\2); 2 (number of preysB2); 3 (predigested
preys); 4= fasting fish), showed that spring eels
were less well-fed than winter ones and that eels
collected at Mornès were the best fed. An infesta-
tion of the swimbladder with nematodes Anguilli-
colla crassus was observed in several fishes: 11
were parasitized, including six from La Capelière,
four from Fumemorte and only one from Mornès.
Length-weight relationship was unbalanced for 19
eels. Indeed, relating to the body condition factor
(CF), 21% presented an excess of weight and 15%
a deficit. This occurrence was in relation to other
descriptive parameters (Table 1). By means of the
pooling of data in ‘condition classes’ (0: 0.85B
CFB1.15; 1: CF\1.15; 2: CFB0.85), we ob-
served that eels which were either fished in
Mornès reference site, or in autumn and spring
showed the best condition. Moreover, the nutri-
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Table 1
Fish distribution (%) in regard to their condition class 0: 0.85BCFB1.15; 1: CF\1.15; 2: CFB0.85

CF classes Anguilla anguilla Carassius carassiusc Ictalurus nebuloslus

n 0 1 2 n 0 1 2 n 0 1 2

18 50.0 50.0 0 17 67.7Stations 17.6CAP 17.6 16 75 25.0 0
FUM 16 68.8 12.5 18.8 14 57.1 28.6 14.3 16 31.3 31.3 37.5

19 73.7MOR 0 26.3 0 – – – 0 – – –
28 53.6 32.1 14.3 21 61.9Spring 23.8 14.3 16 75.0 25.0 0

Autumn 5 80.0 0 20.0 3 33.3 33.3 33.3 10 40.0 0 60.0
Winter 20 75.0 10.0 15.0 7 71.4 14.3 14.3 6 16.7 83.3 0

20 75.0 15.0 10.0 – –Nutritional statea –1 – 11 54.5 18.2 27.3
92 55.6 33.3 11.1 4 75 25 0 12 50.0 41.7 8.3

18 50.0 27.8 22.2 19 52.63 31.6 15.8 6 50.0 16.7 33.3
4 6 83.3 0 16.7 8 75 0 25 3 66.7 33.3 0

0Parasitismb 42 61.9 21.4 16.7 – – – – – – – –
11 72.7 18.2 9.1 – – –1 – – – – –

53 64.2 20.8 15.1 31Total 19 7 5 32 17 9 6

a Vacuity coefficient: 1=preys count\2; 2=preys countB2;3=digested preys in alimen ary canal; 4= fasting.
b Parasitism of eels: 0=without parasite; 1=with parasites.
c C. carassius are devoid of stomach.

tional factor had an influence on the biometric
index: the well-fed and the starving eels had the
best CFs, on the other hand, parasitism had no
discernible effect.

The analyzed crucian carps were adult females
in the oviposition period, weighing about 335 g
(920g). The catfish weighing between 40 and 130
g were young adults, male (22%) and female
(88%). These two strictly freshwater fishes were
coming from the shore sites La Capelière and
Fumemorte. The CF of C. carassius was calcu-
lated after subtraction of the weight of eggs, in
order to obtain a linear length-weight relation-
ship, nevertheless about 39% of fish had an
anomalous CF: 22.6% are too fat (rank 1) and
16.1% had an insufficient weight (rank 2). Rela-
tive to their fishing-site and/or the season, no
difference was observed in fish from rank 1 and 2,
and their CF was in accordance to their nutri-
tional state.

In catfish, considering the conformity of the
vacuity coefficient values with the catching season
(i.e. well fed in spring and less nourished in win-
ter), the imbalance in biometric indexes break-
down in the whole experimental population was

accentuated. For example, in autumn, 60% of the
fish were classified in rank 2, and in winter, more
than 80% were classified in rank 1. In addition,
the CF of I. nebulosus seemed dependent on the
origin; the better fed fish were caught in La
Capelière station.

Somatic indexes may be considered as the
reflection of fish ‘history’, accounting for the past
nutrition, growth, development and accidental or
natural environmental events. HSI of 40% of eels
was included in range 1–3 and few exhibited liver
hypertrophy; corresponding to well-fed spring
fish. Concurrently, this group showed a high VIS.
A GSI below 1.5 has been observed for 40% of
the total fish sample. This parameter is largely
influenced by the proportion of juveniles, mainly
from winter sampling. In addition, this index
value is strongly linked with the reproduction
cycle which is typical for eels and thereby, doesn’t
concern our ecotoxicological study (Fig. 2).

The presence of a diffuse hepatopancreas in
crucian carps (up to 15% of body weight) leads to
a significant HSI variability. From a general point
of view, neither the site of capture nor the season
seemed to affect HSI, except for the small group
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from Fumemorte for which this index was lower in
spring (results not shown). During spring, crucian
carp females lay eggs in grass, close to the pond
bank which accounts for the gonads growth state

and the abundance of eggs at this period. To
compare, 19% of the population showed a spring
GSI higher than 20%, whereas it always fell under
20 in autumn and winter. However, no seasonal
variation based on average values was statistically
significant. Concerning VSI, mirror of nutritional
condition, the mean was about 0.7 with a maxi-
mum of 1.6 and a minimum of 0.31. Statistic tests
didn’t reveal any variation for this parameter.
Forty percent of catfish had a HSI ranging from
2.6 to 3.2 with a liver hypertrophy (HSI\3.2) for
30% of them, particularly autumn and winter
well-fed fish. These fishes also showed a high VSI.
On the other hand, GSI is high for some full-egg
spring females and very low for the youngest ones.

Obviously, contamination and bioaccumulation
of lipophilic xenobiotics are dependent on both
quantity and constitution of tissular lipids. For
this reason we have examined the general distribu-
tion of lipid classes in analyzed fish (Fig. 3). Eel is
a fatty fish in which liver and muscle constitute the
major reserve tissues. Our experiments show that
lipids were primarily stored in neutral form (more
than 90% of total muscular lipids). Conversely,
crucian carp and catfish exhibited a lipid-poor
flesh with a high percentage in phospholipids.
Moreover, lipid concentration of catfish liver was
higher than that of hepatopancreas in crucian
carp; in addition, in the latter, phospholipids rep-
resented less than 35% of total.

3.2. Organochlorine concentrations

Gas chromatography with electron capture de-
tector was used for the determination of some OC
target compounds in fish from the NNR of Ca-
margue. This is one of the most common tech-
niques for the determination of environmental
residues (Barceló, 1991). Owing to the environ-
ment impact of xenobiotics, several priority lists
have been published to protect the aquatic ecosys-
tems (Barceló, 1993). In the present study, the
selection of the analyzed pollutants was based on
the local agricultural practices and in accordance
to a recent report published by IFREMER
(French Institute for Research on Marine Re-
source) concerning the major contaminants of
Mediterranean coastal environment (RNO, 1998).

Fig. 2. Frequency histograms for organo-somatic indexes and
comparison with normal distribution. Hepato-somatic index
(HSI); viscero-somatic index (VSI) and gonado-somatic index
(GSI).

Fig. 3. Lipid profiles of hepatic and muscle tissues (mg g−1

dry weight) in each analyzed fish species. (
) phospholipids;
() neutral lipids. Rates of neutral lipids are expressed in
percent of total lipids.
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Table 2
Organochlorine levels (ng g−1 dry weight) in fish issued from three reference sites in the Vaccares lagoona

Concentra- Anguilla anguillu Carassius carussius Ictalurus nebulosus
tion

CAP FUM MOR CAP FUM CAP FUM

9.1 3.1 4.6HCB 0.81Muscular 3.25 1.15 4.86
[1.58–34.91] [0.01–58.6] [0.05–28.3] [0.05–10.2](14–18) [1.06–11.3] [0.01–7.51] [0.11–13.9]
0.2 6.0 0.8 2.57Hepatic 2.19 0.69 2.45
[0.01–33.1](10–16) [2.15–31.0] [0.01–40 8] [0.05–37.1] [0.70–8.99] [Ind–34 7] [0.24–14.4]

142.2 59.2 212.4SPCB 63.0Muscular 22.5 74.1 46.0
[32.0–299] [8.86–201] [41.7–1664] [126.7-197](14–18) [7.56–132] [0.07–461] [18.5–85.6]
421.0 192.9 457.4 123.9Hepatic 80.6 240.4 115.4

(10–16) [14.2–2691] [62.4–472] [29.1–7547] [45.7-532] [262–447] [55.8–1448] [39.6–392]

128.3 163.7 68.1gHCH 59.8Muscular 22.4 51.3 7.09
(14–18) [32–632] [0.02–1716] [170–339] [145–595] [0.85–230] [4.44–2399] [0.11–588]

91.6 50.8Hepatic 56.7 140.7 6.47 32.6 11.9
[0.05–5169] [22.6–104] [19.1–181] [243–334](10–16) [0.5–67.7] [0.05–429] [4.6–32.7]

0.5 0.40 1.0Dieldrin 0.12Muscular 0.24 0.28 1.36
[0.01–18.0] [0.01–104] [0.01–11.9] [0.05–10.0](14–18) [0.01–12.1] [0.01–101] [0.1–93.0]

Hepatic 0.2 12.0 1.4 29.6 1.7 14.6 5.05
[0.01–656] [1.64–85.7] [0.01–222] [8.12–74.8](10–16) [0.05–10.5] [002–151] [1.0–252]

pp %DDE Muscular 4.5 8.09 5.7 5.35 0.21 6.51 2.62
[nd–894] [nd–101] [nd-164] [0.61–20.7] [0.01–5.27] [0 19–530](14–18) [0.1–34.2]
38.6 18.5 34.1 5.8Hepatic 12.6 19.6 12.9
[3.85–217] [47–33.6] 1431–2521 [0.45-28.3] [2.68–66.9] [2.34–83.5](10–16) [0.9–42.8]

a Results are shown as geometric means and value ranges are indicated in brackets. Sample sizes are mentioned in parentheses.
nd: not detected.

Despite the lack of inter-comparison results
with other laboratories, a number of confirmation
procedures may attest the validity of the em-
ployed routine method analysis. A strict analytical
protocol and the use of reference material ensure
acceptable recoveries required for comparative
studies (Castillo et al., 1994). In addition the low
detection limits and a high selectivity contribute
to valid the procedure. However analytical tech-
niques with mass spectrometric detection (GC-
MS) will involve an optimization of results in
particular for PCB analysis, a such analytical
technique was simultaneously carried out for
polycyclic aromatic hydrocarbons (PAHs) analy-
sis (work in progress).

The clean-up method was chosen in order to
extract principally OC pesticides residues from
biota samples. Partitioning solvents as hexane and
diethyl ether were employed in conjunction with

florisil (a synthetic magnesium silicate). The major
drawback of this procedure results from the diver-
sity of pesticide polarities. In our study the more
non-polar OC contaminants were poorly recov-
ered (�70%), conversely the extraction from lipid
matrix facilitated the detection of PCBs. Fishes
were analyzed individually and results in Tables 2
and 3 represent the averages of at least three
replicates.

3.3. Interspecies differences

OC contamination characteristics (amplitude
and localization) were quite different in liver or
muscular samples (Fig. 4). gHCH and SPCB
showed the highest concentrations of all OC in
the two analyzed tissues, nevertheless, gHCH was
prevalent in muscle, especially in A. anguilla,
whereas SPCB were dominant in C. carassius.
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Table 3
Seasonal variations of organochlorine levels (ng g−1 dry weight) in fish issued from the Vaccares lagoon a

Concentration Anguilla anguilla Carassius carassius Ictalurus nebulosus

Autumn (3) Winter (7) Spring(16) Autumn (10) Winter (6)Spring* Autumn (5) Winter (15) Spring**

6.47 1.76 1.15 9.932.42 1.47HCB 1.175.197.92Muscular
[0.05–10.2] [4.64–11.3] [1.06–3.20] [0.01–7.51] [6.13–11.9] [0.11–7.27][0.05–58.6] [2.29–11.3] [0.01–34.9]

1.79 2.39 0.69 1.97Hepatic 3.820.42 4.17 1.06 2.57
[0.99–247] [0.70–8.99] [0.004–34.7] [0.24–14.4] [1.51–6.45][0.05–37.1][22–9.28][0.0–31.8] [0.0–40.8]

Muscular 57.2 39.5 13.0 74.1 52.1 37.5161.2 75.4SPCB 79.3
[20.8–71.2] [7.56–21.0] [0.07–446] [27.8–85.6] [18.5–77.0][8.86–2991] [47.1–172] [29.3–389] [14.3–197]

82.4 79.8 240.4 142.8687.9 75.4Hepatic 123.9148.5199.5
[45.7–532] [26.2–447] [36.4–161] [55.8–1448] [67.4–392] [39.6–169][14.2–1111] [110–207] [624-75471

23.3 7.53 51.3 10.8gHCH 3.49Muscular 136.4 80.4 96.1 70.9
[21.2–27.1] [0.85–17.0] [4.44–2399] [0.11–39.7] [0.11–588][1.45–595][0.02-632][17.0–1716] 10.5–4481
4.61 7.48 32.6 10.1 16.2Hepatic 193.2 68.6 25.5 140.7
[0.50–67.7] [2.51–11.5] [0.05–429] [4.6–32.7] [10.1–23.2][24.3–334][0.1–1291[39.8–104][375–5169]

Muscular 0.12 11.4 0.08 0.28 2.87 0.401.14 0.19Dieldrin 0.21
[10.5–12.0] [0.01–12.1] [0.01–101] [0.1–93.0] [0.11–10.4][0.05–10.0][0.01–14.01[0.01–104][0.05–18.0]

29.6Hepatic 0.30 3.57 14.6 6.57 2.991.61 23.5 0.49
[nd–85.71 [8.12–74.8] [005–1.57] [1.97–10.5] [0.02–151] [1–252] [2.06–7.92][nd–222] [12.5–64.2]

1.27 0.14 6.51 4.930.74 0.9214.8 16.0 2.57pp %DDE Muscular
[0.01–20.7] [0.11–5.27] [nd–2.96] [0.19–53.0] [0.1–34.21] [0.11–5.98][0.05–89.41 [10.1–28.5] [nd–164]

14.5 11.9Hepatic 19.6 11.9 15.223.2 22.4 38.5 5.84
[2.68–66.91 [4.12–34.2] [2.34–83.5] [0.9–42.8] [8.61–22.7][0.45–28.3][4.0–252][14.8–33.1][3.9–62.7]

a Results are shown as geometric means and value ranges are indicated in brackets. Sample sizes are mentioned in parentheses. nd: not detected.
* n=28 for muscle analysis and n=12 for liver analysis.
** n=21 for muscle analysis and n=9 for liver analysis.
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Due to their voluminous hepatopancreas, C.
carassius exhibited the most contaminated hepatic
tissue. Conversely, eels showed the highest level of
OC in muscular tissue.

In eels the geometric mean of the muscular
SPCB concentration was 119 ng g−1 dry weight
(ranging from 9 to 2990 ng g−1) and that in liver
was 340 ng g−1 dry weight (ranging from 14 ng

g−1 to 7.5 mg g−1). The gHCH concentration in
muscle was about 116 ng g−1 dry weight (ranging
from the detection limit to 1 716 ng g−1 dry
weight) and in liver was between 50 ng g−1 and
5169 ng g−1 dry weight with a geometric mean of
64 ng g−1. In crucian carps the OC tissue levels
ranged from 7.6 to 197 ng g−1 dry weight and
from 26 to 532 ng g−1 dry weight for SPCB, and,

Fig. 4. Total OC residues accumulation in (a) hepatic and (b) muscular tissues of eels, crucian carps and catfish from Vaccarès
lagoon. Values are expressed in ng g−1 of fish in order to visualize fullness and body localization of the contamination.
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Fig. 5. (a) Seasonal and (b) intersite variations of OC accumu-
lation in muscle and hepatic tissue of fish. (c) Effect of
nutritional status (Food + or food − ) of fish on level of
tissue accumulation. (
) High contamination; () low con-
tamination.

3.4. Intersite differences and seasonal 6ariations

It is possible to compare OC contamination of
the three species among the different sites and
seasons of capture (Tables 2 and 3). OC pesticides
were more abundant in eels coming from Fumem-
orte, mainly muscular gHCH, for which the
highest values were observed in spring (about 80%
of SOC). The highest hepatic levels were seen in
some eels from La Capelière caught in spring.
High concentrations of pp %-DDE or dieldrin were
detected in liver of eels caught in La Capelière or
in Fumemorte respectively. For the latter, they are
related to autumnal contamination. High levels of
SPCB concentrations were observed in muscle and
liver of eels coming from La Capelière and, above
all, Mornès in spring for the first and in winter for
the second. In crucian carps and catfish, strictly
confined to freshwater habitats, the highest levels
of contamination were observed in fish caught in
La Capelière. Such findings were largely demon-
strated for SPCB and gHCH in liver and in
muscle. In C. carassius and in I. nebulosus, sea-
sonal variations were generally similar; indeed OC
contents were higher in spring. Nevertheless HCB
concentrations showed a particular behaviour. In
autumn they were abundant in Fumemorte C.
carassius and I. nebulosus and in spring, in eels
from La Capelière.

In such field investigations, data variability must
be taken into account for results analysis. For
example, in the autumn samples a crucian carp was
strongly contaminated with SPCB and pp %-DDE,
and devoid of gHCH. In contrast, another fish was
exceptionally contaminated with gHCH. These
discrepancies show the difficulty to integrate all the
measurements. We have therefore classified fishes
in regard to their total contamination level on the
basis of the harmonic mean. The distribution of
fish, in relation to the experimental seasons and
reference sites, was monitored using two classes:
highly impregnated (contamination+ ) and
slightly impregnated (contamination− ) (Fig.
5a, b). In eels, muscular OC concentration was
obviously equivalent whatever the season or site of
capture, while liver contained few pesticides in
autumn and was heavily contaminated in fish
coming from La Capelière sampling site. In

ranged from 0.9 to 595 ng g−1 dry weight and
from 0.5 to 334 ng g−1 dry weight in the case of
gHCH, in muscle and in hepatopancreas respec-
tively. Generally, these levels were three times
lower than in eels. In catfish, the SPCB concentra-
tion values generally were higher than in crucian
carps (in muscle: geom. mean: 58 ng g−1 dry
weight; ranging from 0.1 to 446 ng g−1; in liver:
geom. mean: 169 ng g−1 dry weight; ranging from
40 to 1448 ng g−1). In contrast, catfish tissue levels
of gHCH were generally lower than in crucian
carps. Indeed the geometrical mean of muscular
concentration was 19 ng g−1 dry weight (ranging
from 0.1 to 2400 ng g−1) and that of liver concen-
tration was 20 ng g−1 dry weight (ranging from
detection limit to 429 ng g−1). In addition to these
two kinds of OC, non-negligible concentrations of
pp %-DDE and dieldrin were observed, mainly in
eels and catfish. The origin and season of fish
catches could explain such diversities of data.
Indeed, the contamination was different in terms
of sites or seasons.
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crucian carp and in catfish, a decrease in hepatic
and muscular contamination was observed from
spring to winter, and the more strongly contami-
nated ones were obtained from La Capelière
station.

In order to assess the possibility of a relation-
ship between contamination and nutritional
status, we have compared the two groups of fish
with respect to their gut vacuity coefficient (see
above) (recently fed fish (food + ) and starved or
little-nourished fish (food − ) (Fig. 5c). In eels,
impregnation was independent from nutritional
status since the most fed fishes were the least
contaminated. Conversely, the best-nourished
catfish were the most contaminated, so they
should show the highest level of liver energetic
substrates as neutral lipids and glycogen. Never-
theless, we have shown previously that this was
not the case (unpublished results). In well-fed

crucian carps, muscular impregnation was lower
and hepatic impregnation was higher than in
other fishes. As before, we did not notice depen-
dence between hepatic glycogen content and OC
concentration.

A correlation analysis (Pearson’s test) was per-
formed in order to examine statistical relations
between some body-constitutive parameters and
dominant OC impregnation in muscle and liver
(Table 4). Regarding biometric parameters, no
correlation was detected between CF and impreg-
nation level, whatever the fish species. Weight
and/or length of fish were negatively associated
with muscular SPCB and hepatic gHCH in eels
and muscular gHCH in crucian carps, with high
significance for the latter. On the contrary the
benthic fish I. nebulosus showed a positive, al-
though not significant, correlation between mus-
cular lindane and fish weight. HSI seemed to be

Table 4
Descriptive parameters coupling OC accumulation amounts. Pearson’s correlation coefficient and P-value

A. anguilla L. nebulosisC. carassius

nP-valuer2 nP-valuer2nP-valuer2

Muscular SPCB
−0.283 0.051 (48)Weight
−0.281Length 0.053 (48)

Muscle total lipids 0.0260.394 (32)0.005 (48) 0.392
Muscle phospholipids

−0.404 (32)Muscle neutral lipids 0.0030.497(32)0.021

Muscular gHCH
0.352 0.048 (32)Weight −0.397 0.026 (31)

−0.561 0.001 (31)Length
HIS (31)0.024−0.403(48)0.0170.341

(31)0.0010.543
VSI

(31)Muscle total lipids 0.460 0.008
Muscle neutral lipids 0.016 (32)0.419

Hepatic SPCB
HIS 0.506 0.003 (31)
GSI (31)B0.00010.651
VSI (31)0.008−0.462(19)0.0190.529
Liver phospholipids (19)0.0260.505

Hepatic gPCB
0.050−0.349Length (32)

0.005Liver total lipids (31)0.485
0.369 0.040 (31)Liver neutral lipids
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affected by lindane concentration in muscle of eels
and crucian carps, but in a positive way for the
first and negative for the second, in which the
intestinal mass was correlated with hepatic SPCB.
In catfish, all the organo-somatic indexes were
strongly correlated with hepatic impregnation by
SPCB. Such analysis demonstrated the existence
of an opposite relationship with HSI and VSI and
a highly significant positive correlation with GSI.
Surprisingly, positive correlations between lipid
tissue content and contamination level were infre-
quent. They were: in eels: muscular gHCH with
neutral lipids, in crucian carps: muscular gHCH
with total lipids and hepatic SPCB with phospho-
lipids, and in catfish liver: gHCH with total and
neutral lipids. Lastly, these positive correlations
were not yet as strong as the negative correlations
with phospholipids (and total lipids) in muscle of
crucian carps.

This paper reports the first study on the accu-
mulation of organochlorine compounds in tissues
of fish populations in the NNR of Camargue,
namely the Vaccarès lagoon, its principal water
body. The results analyze liver and muscle OC in
three sedentary species from different trophic lev-
els inhabiting this lagoon: A. anguilla, C. carassius
and I. nebulosus. The trend of OC accumulation
in aquatic organisms and their transfer along
aquatic food chains, were well described in a
number of natural field conditions in the very
beginning of the sixties by Hunt and Bischoff
(1960). Recent reports include in the northwest
Atlantic (Hellou et al., 1993); in great lakes of
North America (Newsome and Andrews, 1993); in
Arctic lakes (Allen-Gil et al., 1997); in the Dutch
freshwater sites (van der Oost et al., 1997); in the
Baltic Sea (Strandberg et al., 1998) etc. In aquatic
ecosystems, fish are situated in higher-order biota,
and thus constitute the ultimate state of biomag-
nification process of chemical pesticides. Never-
theless, fish accumulate some chemicals or
metabolize others (Da Costa and Curtis, 1995).
As a matter of fact, a number of biotransforma-
tions, as enzymatic degradations, complexations
and other metabolism mechanisms act to reduce
the contaminant levels. Many investigations have
been carried out in fish on hepatic detoxification
processes (Eggens et al., 1995; van der Oost et al.,

1997) and physiological compensation (Gimeno et
al., 1995; Soengas et al., 1997) in order to define
contamination levels by means of biomarkers.

Concerning the contamination levels, it might
be argued that our results are less relevant than it
could be expected as they lack to compare with
data from ‘unpolluted’ areas. Trouble is that, up
to now, in spite of extensive research assessing OC
compounds contamination, not even one area in-
vestigated in the world has proven really devoid
of these chemicals, indeed the atmospheric trans-
fer of these pollutants generate fallout everywhere
and, therefore, contaminate both terrestrial and
aquatic ecosystems. As early as the end of the
sixties, DDTs where detected in the snow falling
at the South Pole (Peterle, 1969). Therefore, no
wonder that rather high concentrations of DDTs
and PCBs-taking into account the remoteness of
this marine area-were later detected in Nototheni-
ids fishes living near the bottom of the ocean in
the area of the Antarctic continental shelf (Subra-
manian et al., 1983).

In the populated parts of developed countries,
the observed contamination is obviously higher.
However, in such countries, it may be expected
that protected areas could be taken as reference
site-control in a sense-as these habitats can be
supposed to display the lowest pollution levels,
which may be considered as the pollution ‘rumble
noise’.

If we compare our results to data from various
European countries, we may contend that the
Camargue reserve ranks amongst the lower range
of OC pollution which can be found in our conti-
nent. This conclusion can be drawn, in spite of the
fact that rice fields, which were extensively
sprayed with OC insecticides, and sowed with
lindane-dressed rice seeds for a number of years,
surround the NNR. Detailed research has been
carried out on Dutch feral eel (van der Oost et al.,
1996) which allows us to compare our results with
other sound data regarding the same fish species.
These authors monitored six freshwater sites from
the Amsterdam area (wetlands and lakes). They
have found SOC levels ranged from 5600 up to
39 000 ng g−1 fat weight. In comparison our
average data is far lower was 15879998 ng g−1

lipids, in spite of the fact that even PCBs were
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used in the past as adjuvant in a number of
insecticide formulations sprayed in Southern
France.

Concerning OC insecticides, except lindane, we
have detected 162925 ng g−1 lipids in eels mus-
cle, whereas the Dutch data spend from 570 to
8200 ng g−1 lipids. Nevertheless, lindane displays
a rather high level for protected wetlands habitats
with an average value in the eel muscle of 10209
215 ng g−1 lipids. This result is not surprising if
we consider that this pesticide has been systemati-
cally used against the rice borer caterpillar on the
whole Camargue rice fields. Far worse the lindane
will still use until the stocks of the Camargue
farmers will be depleted.

If we take into account marine data, the levels
of OC compounds detected in the fishes of the
Camargue reserve water bodies were similar or
even slightly higher. For example, 1300 ng g−1

lipids content were detected SOC in herrings from
the Bothnian Sea and 724 ng g−1 for sea perch
from the same area (Strandberg et al., 1998).

In the Camargue, in spite of the proximity of
agricultural areas, the chemical pollution is low as
a consequence of the restricted use of OC insecti-
cides, but chronic, and also depends on sedimen-
tary charges of persistent chemicals and on hydric
supply from the Rhône River. Our results showed
that significant differences were detected from one
sampling site to another, and total contamination
levels appeared to be more important in fatty fish
such as eels than in crucian carps and catfish.
Indeed the accumulation capacity of a toxicant is
highly dependent on its lipophilicity. Eels exhib-
ited the highest organochlorine concentrations in
liver and in muscle, particularly for some fish
from Fumemorte, mainly in spring. This observa-
tion seems logical as the Fumemorte site is lo-
cated at the vicinity of the outlet of a canal
draining irrigation waters of neighboring rice-
fields. Eel muscle contained high concentration of
lindane, and crucian carp hepatopancreas had
high SPCB concentration. Moreover some fishes
presented also high hepatic dieldrin levels. Barrie
et al. (1992) estimated that dieldrin is the most
persistent of the major organochlorine pesticides.
Our results suggest either a recent dieldrin con-
tamination indicating the continuing use in dis-

tant developing countries (Strandberg et al., 1998)
and/or a slow clearance rate in the Vaccarès
ecosystem. The overall muscular contamination of
catfish was similar to that of crucian carps. Lin-
dane was the dominant organochlorine, mainly in
spring samples, despite being undetectable in
some of them. In such individuals, elevated SPCB
levels were seen, corroborating the fact that this
benthic species is potentially contaminated via the
food chain by feeding or benthic invertebrates
living in close contact to sediments. In their study
about biological markers on catfish (Arius felis)
from contaminated estuarine and coastal areas in
the southern USA, Everaarts et al. (1993) ex-
plained that the large discrepancy between maxi-
mum and minimum values were related either to a
migratory behaviour or to differences in the phys-
iological status of individual fish and to specific
chemical stress responses.

Interspecies differences were also detected in
regard to seasonal variations. In eels the muscular
organochlorine concentrations were similar what-
ever season of capture, and liver contamination
levels were high and similar in spring and in
winter. In contrast, crucian carps and catfish
showed a decreasing contamination from spring
to winter. According to the difference in OC
content in different fish tissues in spring, autumn
and winter, or in the three sites, it might be
possible to localize the source of OC contamina-
tion. In fact, it must be noted that the highest
levels of contaminants were found in fish coming
from the mouth of the Fumemorte canal, despite
most of the highly contaminated fish being from
La Capelière station. This occurrence may be
explained by the avoidance behaviour of fish pre-
viously confronted with chemical stress in the
vicinity of the irrigation ditches.

In such irregular contamination, chemical stress
responses were not always detected and mecha-
nism of organism defense including enzyme induc-
tion implied in metabolization processes (phase I)
were not easily exhibited (work in progress, van
der Oost et al., 1996). Consequently physio-mor-
phologic parameters such as condition factor or
organo-somatic indexes have been analyzed in
order to assess pollutant effects by the use of
bivariate analysis. In addition, the tissue and lipid
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localization of absorbed chemicals had been con-
sidered as indicator of contamination duration.
Various authors postulate that lipid quality and
composition play a role in lipophilic OC contami-
nation (Bremle and Ewald, 1995). This seems
particularly true in the case of lindane for which
structural analogy with inositol was largely de-
scribed previously (Antunes-Madeira and
Madeira, 1985; Cossarini-Dunier et al., 1987),
suggesting its molecular incorporation into the
phospholipid matrix which may engender distur-
bances in membrane-bound enzyme activities (De-
mael et al., 1987).

Characterization of relation between biometric
parameter and contamination levels, as well as
lipid localization of organochlorine in fish tissues
were performed with the use of Pearson’s correla-
tion analysis.

Organochlorines penetration into fish leads to
an accumulation in metabolic tissue such as liver
and may induce disturbances in metabolism
(Gimeno et al., 1994). Numerous works have
shown that eels exposed to organochlorine insecti-
cides exhibited an initial stress response increasing
energetic demand and leading to a reduction of
glycogen content, followed by a recuperation
phase consisting in an adaptive increase (Fer-
rando and Andreu-Moliner, 1992; Gimeno et al.,
1994). In our investigation, several observations
support such agreement. As a matter of fact, in
eels and in crucian carps almost no correlation
was found between biometric parameters and OC
impregnation, and when it rarely occurred, this
correlation was negative, suggesting that youngest
fish were the most contaminated. On the other
hand, the liver somatic index (HSI) reflecting both
the metabolic-energy demands and short-term nu-
tritional status, had been considered as a general
health indicator, sensitive to environmental con-
taminants. (Everaarts et al., 1993). HSI was nega-
tively related to hepatic PCB in catfish and to
muscular lindane in crucian carp, it may be ex-
pected that organic pesticides are more concen-
trated when hepatic tissue is less abundant. In
addition, GSI, which is an indicator of gonadal
development, was strongly related to hepatic
SPCB concentration in catfish, the only species
showing an equilibrated sex-ratio.

The effects of lindane on energy metabolism
which were assessed only in some preliminary
studies in eel brain (Ferrando and Andreu-Mo-
liner, 1991), catfish (Reddy et al., 1993) or Tilapia,
revealed changes in lipid metabolism (Soengas et
al., 1997), concomitant with decreased glycogen
levels. In the present study, gHCH was positively
related to neutral lipids in eel muscle and to total
lipids in crucian carp muscle, but it was also
related with total and neutral lipids in catfish liver
meaning a lipid accumulation. Concerning SPCB
in muscular tissue, two kinds of correlations with
non-polar lipids were noticed: negative in the
fatty-fish eel and positive in the non-fatty catfish.
In addition, in crucian carps, SPCB concentration
in hepatic tissue was strongly correlated with
phospholipids. These data point to the difference
of metabolic rates between different species
mainly in lipolysis processes in connection (or
not) with regulation of glycogen levels (Gill et al.,
1991).

These results confirm that fish were able to
accumulate and respond to pollutants in chronic
exposure. This response proved measurable
thanks to the adaptive metabolism in regard to
their own trophic level.

Finally, our results about contamination levels
lead to conclude that the average levels of OC
compounds in fishes from Camargue Reserve
rank amongst the lower contamination level
which can be expected in coastal wetland fishes
from Europe. The Vaccarès lagoon may be used
as a reference model site for ecotoxicologic studies
in protected areas. This first approach has pushed
us to carry out broader investigations which in-
clude a larger number of biomarkers as well as
pollutant analysis in order to meet the needs of
multiparametric investigations.
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