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ABSTRACT - The seasonal variations in PCB and DDT accumulation levels in 
carp and eels from the Ebro Delta troughout an annual cycle are described. The 
two types of organochlorine compounds are ubiquitous in the samples analyzed. 
Variations in accumulation patterns are related to biological events (e.g. repro-
duction) and environmental changes (water flow, pesticide treatment, etc.). When 
comparing the levels of pollutant accumulation in carp (detritivore-herbivore) and 
eels (carnivore), PCB levels reached in the two species are very similar, while 
DDTs display an important variation, being higher for eels than carp. The total 
organochlorine load in eels from the Ebro Delta is lower than in eels from a 
similar ecosystem, the Venice Lagoon. This différence is mainly due to a greater 
PCB load in Venetian eels. Conversely, DDT concentrations are higher (double) 
in eels from the Ebro Delta. The PCB and DDT concentrations in carp and eels 
from the Ebro Delta are lower than the tolérance levels set by the U.S.F.D.A., 
but controls extended to further species are needed in order to assess risk factors 
associated with organochlorine pollution in this area. 

RÉSUMÉ - Les variations saisonnières de PCB et du DDT des Carpes et des 
Anguilles du delta de l'Ebre sont suivies pendant un cycle annuel. Les deux types 
de composés organochlorés sont omniprésents dans les échantillons analysés. Les 
niveaux d'accumulation sont mis en relation avec les différentes phases du cycle 
biologique des deux espèces de Poissons (reproduction) et aussi par les change-
ments d'ordre écologique (flux aquatique, traitements phytosanitaires). Quand on 
compare les niveaux d'accumulation des Carpes (détritivores-herbivores) et des 
Anguilles (carnivores), on constate que les niveaux de PCB des deux espèces sont 
très similaires. Au contraire, les DDT montrent une variation importante, présen-
tant une concentration plus élevée pour les Anguilles que pour les Carpes. La 
quantité totale de pesticides organochlorés des Anguilles du delta de l'Èbre ne 
dépasse pas les niveaux de tolérance donnés par l'U.S.F.D.A., mais les contrôles 
doivent être étendus à d'autres espèces pour pouvoir évaluer les facteurs de risque 
associés avec la pollution par des organochlorés dans cette zone méditerranéenne. 

INTRODUCTION 

The Ebro Delta is a natural ecosystem which 
has been highly stressed by human activities (Ruiz 
et al., 1981). It is also the wetland environment 
most highly polluted by organochlorines of ail 
those studied in Spain (Alberto 1979; Ruiz et al., 
1979; Alberto & Nadal, 1981; Grimau, 1983; Ruiz, 
1982; Llorente, 1984) and the only area on the 
European Mediterranean coast where p.p'. DDE 
and PCBs have been claimed to produce a 

decrease in avian eggshell thickness (Ruiz et al., 
1983; Llorente, 1984). 

Nevertheless, no detailed study of pollution by 
organochlorines on fish from the Ebro Delta 
coastal lagoons has been undertaken up to now. 

In this paper we estimate the variations of 
DDTs and PCBs in fish from the Ebro Delta 
throughout an annual cycle (see study area). In 
order to do so, we have chosen two species, both 
of which are very abundant and consumed by 
humans : Carp (Cyprinus carpio) and eel (Anguilla 
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Fig. 1. - Map of the Ebro Delta showing sampling locality. 

anguilla). Thèse two species are situaed at différ-
ent levels in the food-web of the Delta ecosystem. 
Carp is a detritivore-herbivore and the eel is a Car-
nivore. This provides the basis for discussing the 
relative importance of biomagnification and of the 
seasonal variations in the organochlorine accumu-
lation in those fish. 

Prospects of creating fish and aquaculture 
developments in the Ebro Delta add further rele-
vance to the évaluation of the organochlorine pol-
lution impact on fish from this area. 

STUDY AREA 

The Ebro Delta (Fig. 1) is an alluvial plain 
which is over 350 km2 in extension. It is cultivated 
intensively and rice fields occupy aprox. 40 % of 
the total surface area. 

Rice cultivation needs a constant water supply 
because rice fields must always be flooded. Water 
is diverted from the Ebro river into the fields by 
means of an extensive network of irrigation chan-
nels ail over the Delta plain. The cultivation cycle 
begins in April, when the channels are opened and 
the fields are flooded by water. Thereafter, active 
circulation of water continues down to the coastal 

lagoons until the end of rice harvesting in Novem-
ber. Channels are closed in December. 

This hydrological cycle has great biological sig-
nificance because it régulâtes the dynamics of pro-
ductivity in the Ebro Delta and détermines the 
timing of reproduction for most species (Ruiz et 
al., 1981; Ruiz, 1985; Llorente & Ruiz, 1985). 
Moreover, organochlorine pollutants and pesti-
cides in gênerai reach wildlife through this cycle. 

MATERIAL AND METHODS 

Sampling 

Carp and eels were sampled during 1985 at 
monthly intervais in the Canal Vell lagoon or in 
the channels near it (Fig. 1). The spécimens were 
measured, weighed, labelled, and preserved frozen 
at - 20°C until analysis. 

From thèse collections we prepared composite 
samples of dorsal muscle for both species se-
paretely, following Bernhard's methods (1976), in 
order to obtain direct mean levels for DDT and 
PCB, as well as for extractable lipid on a fresh 
weight basis. It has to be noted, however, that data 
calculated on a fat basis would only be arithmetic 
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Fig. 2. - A, annual variation pattern of levels (p.p.m., fat basis) of DDT + PCBs and Lipidic extraction percentage 
for carp and eels from the Ebro Delta. Reproduction periods for carp starred. B, annual variation pattern of mean 
levels (p.p.m., wet weight) of DDT, PCBs and DDT + PCBs for carp and eels from the Ebro Delta. 

mean values if ail individual samples of a com-
posite sample contained the same amount of fat. 

Because of the intrinsic variability in lipid con-
tents of the axial musculature of finfish (Brandes 
and Dietrich in Phillips, 1980), spécial care was 
given to take always the same portion and weight 
of muscle. 

Analytical procédures 

The muscular tissue was ground with anhydrous 
sodium sulphate and extracted with n-hexane (re-
sidue-free quality) in a Soxhlet apparatus for 4 
hours. A portion of the extract was used to weigh 
the quantity of extractable fat per gram of muscle. 
An aliquot containing 1 g of extractable fat was 
cleaned-up with sulphuric acid following the 
method of Murphy (1972). 

Chromatographic analysis was carried out on a 
Perkin-Elmer Sigma 3B model GLC, equipped 

with a Grob Splitter (250°C), Ni63 E.C.D. (350°C) 
and a Sigma 15 data station. The chromatography 
was carried out on a fused silica capillary column 
(0.25 mm internai diameter, 60 m long) with SPB-
1 as stationary phase (0.25 \im film thickness). 
Splitless technique was used to inject 1 |0.1 of the 
purified extract (équivalent to 1 mg of extractable 
fat). 

Température was programmed as follows : in-
jection at 40°C to 160°C at 25°C min"1 rate. 
Température constant for one min., and then in-
creased from 160°C to 250°C at 2°C min1 rate. 
Température constant at 250°C until the end of the 
analysis. Heptachlor was used as an internai stand-
ard to asses the intrinsic variability of the analyses 
(Aguilar and Borrell, 1985). The DDTs (p.p' DDE, 
p.p' TDE (=DDD), o.p' DDT, p.p' DDT) were con-
firmed by an alkaline attack (OHNa) which 
yielded their olefins, and reinjection of the sample. 
Polychlorobiphenyls were not altered by this pro-
cédure, so it was used to quantify the two groups 
of compounds as suggested by Watts (1980). A 
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Tabl. L - A, monthly levels, in p.p.m. (fat basis), of DDTs and PCBs in muscular tissue of carp from the Ebro 
Delta. B, Monthly levels, in p.p.m. (fat basis), of DDTs and PCBs in muscular tissue of eels from the Ebro Delta. 

 Missing value. 

A 

SAMPLE SIZE 

MOMTH 

6 
JANUARY 

16 
FiBRUAKY 

6 
APRIL 

4 
MAY 

6 

JUNE 

5 
JULY 

6 

AUGUST 

11 
SEPTEMBER 

4 
NOVEMBER 

12 
DECEMBER 

p.p'DDE 51 .57 2.85 19.51 5.20 0.90 11.09 21.45 0.87 0.98 1.64 

p.p'TDE 58 .66 4.52 23.36 5.12 1.98 6.89 14.22 1.08 1.71 1.80 

o.p'DDT 6 .04 0.58 2.91 2.22 1.05 1.39 6.42 0.16 0.77 0.26 

p.p'DOT 5 .35 0.36 2.83 1.57 0.74 1.60 4.13 0.30 0.64 0.20 

DDT 121. 62 8.34 48.61 14.12 4.68 20.99 46.23 2.43 4.11 3.91 

PCBs 327. 00 20.95 174.97 43.40 25.83 105.23 158.59 3.26 9.79 8. 39 

TOTAL 448. 62 29.29 223.58 57.52 30.51 126.22 204.83 5.69 13.91 12.31 

DDT/PCBs 0. 37 0. 39 0.28 0.32 0.18 0.20 0.29 0.74 0.42 0.47 

96LIPIDIC EXT. 0.' 35 0.60 0.31 0.27 0. 19 0.06 0.19 0.48 o.ol 0.88 

B 

SAMPLE SIZE 10 5 10 6 10 10 10 12 10 9 
MONTH JANUARY FEBRUARY MARCri APRIL HAÏ JUNE AUGUST SEPTEMBER NOVEMBER DECEMBER 

p.p'DDE 0. 18 0.15 0.09 0.34 0.48 0.48 0.32 0.37 0.17 0.43 

p.p'TDE 0. 20 0.26 0.11 0.45 0.6S 0.84 0.56 1.14 0.23 0.32 

o.p'DDT 0. 01 0.02 0.01 0.03 0.05 0.15 0.03 0.04 0.01 0.02 

p.p'DPT 0. 01 0.05 0.17 0.24 0. 17 0.36 0.17 0.31 0.02 0.02 

DDT 0. *ê 0.50 0.23 1.06 1.41 1.85 1.10 1.87 0.44 0.81 

PCBs 0. 78 0.58 0.25 1.48 3.16 3.89 2.17 2.74 0.78 0.93 

TOTAL 1. 19 1.09 0.48 2.55 4.58 5.75 3.27 4.61 1.23 1.74 

DDT/PCBs 0. 52 0.86 0.89 0.72 0.44 0.47 0.50 0.68 0.57 0.87 

%LIPIDIC EXT. -— 11.93 17.51 15.52 4.00 4.96 7.81 7.22 17.88 25.88 
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mixture of AroclorR 1254/1260 (50/50) was used 
to quantify PCBs following the Webb and McCall 
(1973) method with a computer program. PCB 
concentration was calculated as the sum of in-
dividual peaks. 

RESULTS 

The levels on an extractable fat basis (see 
above) of PCB and DDT in the muscle of carp 
and eels throughout the annual cycle are given in 
tables I and II. Both DDTs (p.p' DDE, p.p' TDE, 
o.p' DDT, p.p' DDT) and PCBs are ubiquitous, al-
though there are considérable monthly variations 
(Fig. 2). 

In carp, there is a concentration peak in January, 
followed by two smaller peaks in April and 
August. The minimum is attained in September. 
If the percentage of extractable fat is compared to 
organochlorine load expressed on fat basis, it can 
be seen that, in gênerai, there is an inverse rela-
tionship between the two parameters (Fig. 2A), ex-
cept for spring (Apr.-June) and autumn 
(Sept.-Nov.). In thèse periods there is a decrease 
in both organochlorine load and muscle fat con-
tents. If the total amount of organochlorine in 
muscle (PCBs + DDT) is expressed on a wet 
weight basis, a différent variation profile is ob-
tained (Fig. 2B). The smallest pollutant levels are 
detected in Nov., the maximum peak for January 
disappears, April and August peaks continue to be 
évident, and a new peak appears in Dec, indicat-
ing a net intake of organochlorines in muscle. 
When expressing results on a fat basis, this last 
peak is masked by an increase in fat reserves 
which dilutes pollutants. 

Tabl. II. - Géométrie mean values for April + December 
subsample levels of organochlorines in carp and eels 
from the Ebro Delta. 

géométrie mean fat basis levels wet weight levels total load 

DDT 
PCBs 
total 
% Lipid ext 

eel carp 
0.932 13.799 
1.175 38.335 

2.109 52.462 
20.041 0.523 

eel carp eel carp 
0.187 0.076 6.782 2.603 
0.235 0.210 8.550 7.233 
0.423 0.288 15.354 9.898 

g muscul tissue 36.310 36.075 

In eels, a clear inverse relationship between the 
percentage of extractable fat and the or-
ganochlorine load (on a fat basis) also occurs, ex-
cept for December, when a recovery of fat reserves 
in muscle appears together with an increase in or-
ganochlorine load. 

Similarly to carp, the variation profile of the 
PCBs + DDT load is différent when expressing 
values on a wet weight basis (Fig. 2B). In this 
case the maximum levels are attained in April and 
Dec, not in June and Sept. The minimum is main-
tained for March in the two variation profiles. 

DISCUSSION 

The striking différence in organochlorine con-
centrations per unit weight of lipid between carp 
and eels is highly attenuated when expressing re-
sults on a wet weight basis. This is explained by 
the great différence in extractable fat contents be-
tween the two species. Therefore, in order to com-
pare them, we used monthly mean levels expressed 
on a wet weight basis since the applied method 
of preparing composite samples does not yield 
mean concentrations on the lipid basis anyhow 
(see Material and Methods). 

In the case of carp, the pollutant concentration 
peak for April can be related to the opening of 
channels at the beginning of the rice cycle (see 
study area). The massive inflow of water stirs up 
the sédiment, thus re-suspending particles and ren-
dering possible the intake by fish of pollutants ad-
sorbed to thèse particles (Phillips, 1980). Later, 
when turbidity decreases, the fish partition pollu-
tants back to the environment (Hamelink et al., 
1971; Scura & Theilacker, 1977; Shea et al., 1980; 
Schneider, 1982). This process might explain the 
decrease in organochlorine levels in May. There-
after, a decrease in both pollutants and fat contents 
occurs, which is probably linked to the reproduc-
tion period. 

In August, a new increase in organochlorine 
levels is noted. This peak indicates a net intake 
of pollutants related to pesticide use in the Ebro 
Delta both for land-farming and in mosquito treat-
ment. In autumn, a new process of de-contamina-
tion occurs and a minimum of PCBs and DDT 
loads is reached in November. This process is sim-
ilar to that which takes place in spring (May-June) 
and can be explained by a second period of re-
production, as is known to occur in the carp of 
the Ebro Delta. 

In December there is a new increase in pollu-
tion levels which occurs together with an increase 
in the fat contents of muscle. This is the time when 
channels are completely closed and water circula-
tion ends. Under such conditions, the water level 
decreases by evaporation, thus concentrating both 
food and pollutants. As a resuit of this process, 
carp fatten and incorporate more pollutants. 

With regard to eels (Fig. 2) there are two clearly 
delimited periods in which muscle fat contents 
differ. They are higher from November to April, 
and lower from May to September. The différence 
is significant (U = O, p 0.01) and could be at-
tributable to the fact that eels sampled in autumn 
and winter are migrants, caught just before leaving 
the lagoon, while Spring and Summer eels are rési-
dents which are not yet ready to initiate migration 
and have low fat contents in muscle tissues. 

When expressing levels on a wet weight basis, 
two clear peaks appear in April and December, as 
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happened with carp. The factors producing thèse 
two peaks for eels are probably the same as for 
carp : the influx of water and stirring up of sédi-
ments in April, and the concentration of residual 
water in December. 

When comparing overall residue levels between 
carp and eels, it is worth noting that from June 
to December eels display higher mean levels than 
carp, while between January and April the situa-
tion is reversed. Carp are more contaminated when 
the water supply is eut off and the water concen-
trâtes and becomes turbid (Shea et al., 1980; 
Young et al., 1977; Saiki and Schmitt, 1986). 

In eels the process is very similar, but the 
changes appear to be less clear because eels almost 
exclusively inhabit the lagoons in which the water 
mass fluctuâtes much less and, consequently, the 
seasonal variation in pollutants is less marked. 

Another point to be taken into considération is 
the biological cycle of the two species. In the Ebro 
Delta, carp have two periods of reproduction, 
whereas eels do not breed there. Consequently, 
carp release pollutants associated with the lipidic 
fraction of eggs and sperm during Spring and 
Autumn, whereas eels do not. This produces 
higher fluctuations in the pollutant load in carp. 

In order to compare PCBs + DDT accumulation 
related to the trophic level, we have only chosen 
samples from April and December because thèse 
months correspond to coincident peaks of maxi-
mum accumulation for the two species. 

Thus, we have calculated the géométrie means 
for values given in tables I and II. Total or-
ganochlorine pollutant loads expressed on a fat 
basis are higher in carp than in eels. However, 
levels expressed on a wet weight basis do adjust 
to the biomagnification principle. Although ap-
parently contradictory, thèse results are in agree-
ment with those reached by many authors for 
several species, when studying bioaccumulation 
through food webs both in the field and in labora-
tory experiments (Phillips, 1980). 

It is worth noting that on a wet weight basis 
PCB levels are very similar for the two species, 
DDT being mainly responsible for the différences. 
In the case of PCBs, it is well established that 
fish incorporate them mainly by direct absorption 
through the gills or skin (Phillips, 1980; Courtney 
& Langston, 1980; Larsson, 1984) although there 
is some évidence that they can also be incorporate 
via food (Sodergren, 1984). 

Jensen et al. (1975) and Addison & Zinck 
(1977) have suggested the possibility that the car-
rying capacity for DDT in fish tissues is related 
to their lipidic content, in the sensé that, at low 
fat levels, the lipidic turnover is much higher. In 
this way the DDT may be relocated together with 
the fat, making its metabolization and/or élimina-
tion easier. At first glance, this hypothesis could 
explain the results from this paper because eels 

have much higher extractable fat levels in muscle 
(40 fold) than carp (G.M. eels = 20.0, carps = 
0.52). However this hypothesis would require the 
proportion of DDT metabolites to be higher for 
carp than for eels, which is not the case (p.p' 
TDE/DDT U = 22 n.s; p.p' DDE/DDT U = 36 n.s.; 
p.p' DDT/DDT U = 40.5 n.s.; two tailed Mann-
Withney U test, n.s. = not significant). 

Another possibility is that concentration ob-
tained from a subsample data are not repré-
sentative of the whole muscle load as suggested 
by Moriarty (1984). It is recommendable, there-
fore, to estimate the absolute amount of pollutants 
présent in the fish muscle. In order to do so, we 
have calculated the géométrie mean for total 
muscle weight of ail individuals in the sample 
(April and December) for each species, and then 
used thèse means as conversion factors for obtain-
ing the Lig. of pollutants in muscle per fish. The 
results obtained show the same trend as the figures 
on wet weight basis, reconfirming that eels have 
more DDT in muscle than carp. 

A very important factor to be taken into account 
is the différence in habitat location of sampling 
for eels and carp. As was mentioned above, carp 
were caught in channels and rice-fields and eels 
in lagoons. 

There is no data available for sédiments, but 
unpublished data on another fish (Gambusia af-
finis) and bird (Bubulcus ibis) inhabiting the area 
support the idea of différent availabilities of PCBs 
and DDTs in rice fields and channels than lagoons, 
although this possibility needs to be confirmed. 

Pollutant levels in eels from the Ebro Delta can 
be compared to those présent in the species from 
the Venice lagoon, a similar ecosystem in the Med-
iterranean. In order to compare pollutant loads, we 
have calculated géométrie means for the monthly 
values in the Ebro Delta, and the average for the 
two localities studied by Fossato (1983) in the 
Venice lagoon. It can be seen that eels from the 
Ebro Delta présent total organochlorine levels of 
about half those of Venice (G.M. DDT + PCBs 
E.D. = 0.232; V = 0.485). However, it is worth 
noting that différences are reversed for PCBs and 
DDT. The DDT level is higher for the Ebro Delta 
eels (G.M. = 0.090) than for those of Venice (G.M. 
= 0.035). Conversely, PCB contamination is three 
times higher in Venice animais (G.M. E.D. = 
0.140, V = 0.450). The greater impact of DDT in 
the Ebro Delta is consistent with previous data ob-
tained from waterfowl in this area (Ruiz et al., 
1979, 1983, 1984; Alberto, 1979; Alberto & Nadal, 
1981; Llorente et al., 1983, 1987). 

Finally, the mean levels on a wet weight basis 
are far from exceeding the tolérance levels for fish 
tissues set by the United States Food and Drug 
Administration (USFDA). So the impact of PCBs 
and DDT in thèse species do not seem to constitute 
a risk factor for the development of fish cultures 
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in the Ebro Delta, although further studies cover-
ing more species are needed to evaluate orga-
nochlorine pollution in the area comprehensively. 
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