Organchlorine Pesticides and PCBs Distribution in
Tissues of Purple Heron and Spoon Duck from the
Biological Reserve of Dofana (Spain)

G. Baluja, M. A. Murado, and L. M. Herrandez

Instituto de Quimica Organica
Juan de la Cierva, 3. Madrid-6

In earlier papers {BALUJA et al., 1973, 1974) results
were reported from an extensive study on the pollution of abiotic
substrata and fauna by persistent organochlorine pesticides and
PCBs in some continental and littoral national areas. The cur-
rent study reports the results obtained from species of Purple
Heron (Ardea purpurea) and Spoon Duck (Anas clypeata) collect-
ed in the Biological Reserve of Coto Dofiana during the period
1972-1974. The first species is sedentary in the Reserve and the
second is either partialy migratory or very mobile due to its
search for food as a result of weather changes. This Biological
Reserve is situated near the mouth of the Guadalquivir river on
the right bank, in the South-West of Spain, as it shown in the
adjoining map.

Two main considerations were taken into account in select-
ing the Reserve as a substrate for studying: firstly its ecolog-
ical significance as one of the most important ornithological
reserves of FEurope, which must be kept away from organochlori
pollutants which, as it is well known, may affect avian population
by overlaping and deleterious influences. The second point is tha
the Reserve is an area where there is no direct incidence
of organochlorine pollution because no chemicals are used in
pest control activities. Therefore, it is considered an uncontam-
inated area. Any occurrence of organochlorine residues can
only have been imported through mechanisms of transport
related to climatology, geographic factors as well as biotic
fluxes.

MATERIALS AND METHODS

Characteristics of samples, preanalytical treatment and
residue anlysis. - The purple heron feeds mainly on fish but
also on amphibian species and small mammals of the marsh,
and occupies one of the higher links in the trophic chain of
the Reserve. The spoon duck belongs to a lower trophic level
of the same community owing to its herbivorous diet based on
seeds, leaves and buds of aquatic plants. The herons were
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ducks in March and September 1973.

collected in May 1972, September 1973 and July 1974, and the
Eggs of both species were

also collected in 1972 (heron) and 1973 (duck) during the breed-

ing period.
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From each specimen samples of muscle, liver, kidney,
brain, and gonad were obtained for individual analysis. Collect-
ed birds and tissue samples were kept frozen until the pre-

analytical treatment which was carried out according to the
extraction, partitioning and

following steps: homogenization,
adsorption chromatography already described in earlier papers
1969 a, b, c, 1970). Identification of organo-

(BALUJA et al.,

chlorine residues was made by conventional methods of EC-

GLC and chemical derivatization also described in the refe-
Parameters for quantitation were as

mixture of 5% DC-200 and 7. 5% QF-1

rences mentioned above.
column 2002

follows: column packing,
on Chromosorb WHP 80-100 mesh; temperatures,
C, detector 2102 C, injector 2152 C; nitrogen flow rate 67 ml/

min,
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RESULTS AND DISCUSSION

Data on quantitative analysis are summarized in Tables
I, II, and III. From summarized data two suggestions appear
to be obvious: first, if residue levels occur in tissues com-
ing from two species relatively separate in the trophic chain
of the Reserve, it is not illogical to suppose that other levels
of organochlorine pesticides and PCB residues must not
only be present in every component of the biological com-
munity established there, but in the abiotic system as well.
Second, since there is no chemical industry and/or pesticides
for pest control in the Reserve, the pollution appears to be
all imported at a regional level. Some probable contributions
could be attributed, for example, to water-borne chemicals
and migrations. However, it does not appear that migrations
may represent an important contribution to the levels of res-
idues found in species of such little mobility as the purple
heron, when much lower levels occur in the much more
mobile spoon duck, following its natural diet,

None of the individual organochlorine pollutants deteet-
ed, however, reach accumulations sufficient to cause any
rapid decrease in bird populations, as it has already been
reported by HOORN et al, (1973). But according to ODUM
(1972) the simple occurrence of chronic levels of xenobiotic
compounds may be a source of pressure on the energetic
flux of the community, It appears, however, that either be-
cause of the regularity of the residues appearance or the
accumulation they reach in the tissues, the concentration of
pollutants increase in this order: cyclodienes < hexachloro-
cyclohexanes £ DDT group < PCBs. The entrance of cyclodiene
pesticide residues in the biological community results to be
the lowest and irregular but the hexachlorocyclohexanes are
systematicaly found in all sub-samples and, as they are less
persistent, it suggests a continuous process of entrance an-
alogous, at least, to the level of its disappearance.

The accumulation of DDT is higher than the other pest-
icide residues found, the DDE fraction being the major con-
tributing factor to the level of contamination of this group of
pollutants, mainly in the purple heron ultimately sampled.
However the DDT found is much lower than the level range
that STICKEL et al, (1969) associated with the mortality of
birds, but DDE accumulation is particularly high in gonads
and even in eggs, and in the case of heron eggs, is four
times higher than the 0.5 ppm threshold limit, at which
level the first symptoms of disfunctions in the process of egg-
shell formation arise and the consequent depression of bird
fertility (BLUS et al., 1972).
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TABLE IIIL
Mean levels and ranges (ppm wet weight) of organochlorine
pesticides and PCBs detected in eggs of purple heron (2 spe-
cimens) and spoon duck (3 specimens)

Purple heron Spoon duck
COMPOUNDS (May 1972) (May 1973)
o -HCH 0.018 0.004
(0.015-0. 021) (0. 003-0. 005)
Y -HCH 0.310 0.010
(0.290-0. 330) (0. 009-0. 010)
Dieldrin 0.012 0. 005
(0.009-0. 015) (0.001-0. 009)
p,p -DDE 2.077 0.702
(2.040-2.114) (0.687-0.714)
p,p -TDE 0. 086 0.010
(0.084-0. 088) (0. 005-0. 015)
p,p -DDT 0.018 0.010
(0.012-0. 024) (0.003-0.018)
PCBs 1.071 0.779
(1.003-1.139) (0.742-0.809)

Regarding PCBs it is evident that they constitute the
main source of poliution of all organochlorine residues found
(Tables I to III}). This fact has been broadly reported in the
literature on wildlife contamination. Various authors (VOS &
KOEMAN, 1970, DAHLGREN et al., 1972) have found a
positive correlation between death and PCB levels in the
brains of birds when residue ratios are in the range of 200-
400 ppm. This correlation is less strict when other tissues
are considered even though some relationship may exist as
in the case of mortalities observed in bird populations
having bwer accumulations (HOLDGATE, 1971). However, it
seems that PCB effects are analogous to those produced by
DDE on the reproductive mechanisms, because even though
they are not inhibitors of carbonic anhydrase they can howe-
ver stimulate the production of liver hydroxilases to reduce
the levels of circulating estrogens (RISEBROUGH et al.,
1968).

It seems obvious then to consider that the success of
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bird reproduction may depend, in one way on the total
quantity of DDE and PCBs present, and also of dieldrin, in
spite of its individual ow level, but as PEAKALL showed
(1967) it plays an important role in the estrogen balance.
From the observation of the distribution of all organochlorine
pollutants in the tissues studied, it can be seen that residues
are mainly accumulated in gonads and at a lower rate in

the brain, though the unexpectedly high values in liver may
suggest some recent mobilization of fat, Assuming that

the correlations between poisoning and organochlorines res-
idue levels in tissues are mainly based on the accumulation
rate in the brain, it should be possible to assume that any
irreversible deterioration of a bird population through an
overlapping depression of its fertility is not necessarily
accompanied by mass mortalities of individual adults.

The increases of total residues are very significant in
the purple heron from the first to the third period of collect-
ing (Table I) but the increase is much smaller in the case
of ducks (Table II). This fact may be due, at least in part,
to the shorter interval between the two collectings of ducks,
undertaken during the period of the lowest increase in the
heron, but perhaps even more so by the position of ducks
in the food chain of the marsh of the Reserve. On the other
hand, the residue build-up in heron species reaches a 20-
fold increase during the course of the 27 months between
the first and third collections. This bioconcentration factor
appears unexpectedly high and suggests the need for a
more extended study as evidently the growing state of
pollution will affect the biological balance of the Reserve.

ACKNOWLEDGMENTS

Special thanks are due to M2, C. Tejedor and J.A.
Lézaro for various aspects of collaboration and to the per-
sonnel of the Biological Station of Dofiana for assistance in
sample collection.

REFERENCES
BALUJA, G., M. DABRIO, M.E. PEREIRO, J.M.
FRANCO, and M.A. MURADO: Agroquim. Tecnol. Aliment.,
9 (1): 137-144 (1969 a).
BALUJA, G., M. DABRIO, J.M. FRANCO, M.A.

MURADO, and M.E. PEREIRO: Ibid., 9 (2): 266-275
(1969 b).

611



BALUJA, G., J.M. FRANCO, M.A. MURADO, and
M.E. PEREIRO: Ibid., 9 (4): 578-585 (1969 c).

BALUJA, G., J.M. FRANCO, M.A. MURADO, and
M.E. PEREIRO: An. Quim., LXVI (2): 157-166 (1970).

BALUJA, G., J.M. FRANCO, and M.A. MURADO:
Inv. Pesq., 37 (3): 593-620 (1973).

BALUJA, G., M.A. FRANCO, and M.A., MURADO:
Agroquim. Tecnol. Aliment., 14 (2): 229-245 (1974).

BLUS, L.J., C.D. GISH, A.A. BELISLE, and R.M.
PROUTY: Nature, 235 (5338), 376 (1972).

DAHLGREN, R.B., R.J. BURY, R.L. LINDER, and
R.I. REIDINGER (jr.): J. Wildlife Management, 36 (1972).

HOLDGATE, M.W. (ed): In the Seabird Wreck of 1969
in the Irish Sea. Report, Natural Environmental Research
Council (1971).

HOORN, A.J.W., D.J. BOERWINKEL, and J.H.
KOEMAN: A report to the Biological Station of Dofiana,
Wageningen 1973,

ODUM, E.P., "Ecologfa" 3 th. Ed., 479. Mexico:
Interamericana (1972).

PEAKALL, D.B.: Nature, 216, 505 (1967).

RISEBROUGH, R.W., D.B. PEAKALL, S.G. HERMAN,
and M.N, KIRUEN: Nature 220, 1098 (1968).

STICKEL, L.F., W.H. STICKEL, and R. CHRISTEN-
SEN: Science, 151, 1549 (1969).

vVOS, J.G., and J.H. KOEMAN: Toxicol. Applied
Pharmacol. 17, 656 (1970).

612



