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Data on aliphatic and aromatic hydrocarbons, PCBs,
and DDT in different species of edible bivalves col-
lected along the Todos os Santos Bay (Bahia, Brazil)
are reported for the first time for the SW Atlantic coast.
The species and collection sites were selected for the
identification of suitable regional sentinels and the
assessment of different coastal pollutant sources.

Anomalocardia brasiliana, the dominant and most
frequent bivalve of the Brazilian coast, can be an
adequate bioindicator because it accumulates organic
pollutants with reasonable sensitivity.

The ‘Mussel Watch’ concept, that is, the utilization of
sentinel organisms for monitoring the concentration of
selected pollutants in coastal environments and as an
indicator of their bioavailability, is gaining wide accept-

ance and programmes are being established on a
national as well as on an international level. To this end
bivalves, especially mussels (Mytilus sp.) and oysters
(Crassostrea sp. and Ostrea sp.) have been selected as
the most useful marine indicator organisms due to their
wide distribution and abundance in the temperate and
subtropical zones, their general ability to bioaccumulate
most pollutants, and their sedentary stationary habits,
thus providing natural and temporal integrated levels of
contaminants in coastal zones (Goldberg et al., 1978).
Unfortunately, these species do not frequently occur in
tropical waters where, as in other areas, strategies for
monitoring pollution are required. This is the case of
the Todos os Santos Bay, the largest on the Brazilian
coast (1000 km?), situated at lat. 13°S (Fig. 1). The pur-
pose of this study was to use this site as a case for
gaining some knowledge about suitable sentinel
organisms in tropical environments.

Since 1968, the area around the bay (Reconcavo) has
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Fig. 1. Sampling sites in Todos os Santos Bay. I: Salvador City; IL
industrial centre (AIC); III: Camacari petrochemical complex;
1V: oil refinery; V: lead smelter, paper mills, aicohol distilleries.

been subject to increasing industrial growth together
with an intense exploitation of its natural resources.
Today this area consists in the second largest industrial
park of the country, developed mainly to the north-east
of the bay. In addition, the city of Salvador, which
presently has 1.6 million inhabitants, dominantes the
entrance of the bay (I in Fig. 1). Two ports, one at
Aratu, only for industrial products, and the main one at
Salvador are situated on the east coast of the bay.

The concurrence of these conflicting activities has
prompted the establishment of pollution monitoring
programmes in the area. However, these programmes
have been restricted to inorganic substances,
particularly heavy metals (Hg, Cd, and Pb) in sediment
and bivalves, and effects on the human population
(Souza et al., 1978; Silva et al., 1981; Carvalho et al,
1984, 1985a, 1985b, 1986). In the present study, two
main aspects were addressed, namely the assessment of
the geographical distribution of hydrocarbons and
chlorinated compounds in intertidal edible bivalves in
the bay, and the selection of indicator organisms of
organic pollution for the Brazilian tropical coast.

To the best of our knowledge this is the first study of
this type carried out in the South Atlantic region.

Materials and Methods

Samples were collected always at low tide between
September 1985 and January 1986. Individuals of
medium size were selected for each bivalve species.
Collected samples were wrapped in clean aluminium
foil placed in styrofoam boxes with ice and brought to
the laboratory on the same day. Immediately upon
arrival they were sucked, drained and frozen in
aluminium foil at —18°C.

All collected individuals of each species were pooled
together and homogenized to obtain mean values of
pollutant concentrations (Bernhard, 1976). Subsamples
of the tissue homogenates (9-10 g) were treated as
described by Albaigés er al. (1987): saponification of
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the homogenates (6N aq. NaOH), extraction (ethyl
ether) of the total organic extract and further
fractionation by liquid chromatography (5% water
deactivated silica-alumina) (Aceves et al., 1988).

The first fraction (alkanes+alkenes) was analysed by
capillary GC-FID using a Carlo Erba Mod. 4160 GC,
equipped with a fused silica column (20 mX0.25 mm
i.d. DB-5, J&W Sci.) temperature programmed 60-
300°C at 6°C min~'. Resolved components and the
unresolved complex mixture (UCM) were quantified by
comparison with external standards (mixture of n-C,,
n-C,,, n-Cj,, and n-Cj4), using a Hewlett-Packard
9830-A microprocessor equipped with a digital
planimeter.

The second fraction, containing DDT (in the DDE
form due to the saponification of the homogenate) and
PCBs, was analysed by GC ¢*Ni ECD (Carlo Erba FC
4130), using a capillary column (30 mX0.25 mm id,
SPB-5, Supelco) with hydrogen as carrier gas. Both
analytes were quantified by using external standard
solutions of pp~DDE and a mixture of PCBs prepared
from the following analytical reagant grade individual
compounds (Promochem, Wesel, FRG): 2,44~
trichlorobiphenyl (IUPAC No. 28); 2,5,2',5-tetra-
chlorobiphenyl (52); 2,4,5,2',5-pentachlorobiphenyl
(1o, 2,4,5,3,4"5-heptachlorobiphenyl (153) and
2,3,4,5,2",4’5-heptachlorobiphenyl (180). Confirmation
of DDE and PCBs was accomplished by Negative
Chemical lonization Mass Spectrometry in a quadro-
pole GC/MS (Hewlett-Packard Model 5888 A) using
methane as reactant gas at 30 ml min™" (2 Torr) (Porte
etal, 1988).

The aromatic hydrocarbons in the second and the
third fractions were analysed by means of UV-
fluorescence (Perkin-Elmer MPF-3). Aliquots of
fractions I and III, irradiated at 310 nm (slit 20 nm),
had its fluorescence intensities measured at 360 nm
using chrysene as standard.

Results and Discussion

Nine stations were selected for sampling according to
the different environmental characteristics of the bay
(Fig. 1). Stations 1-4, at the western side, were expected
to reflect background levels of contamination because
they correspond to rather pristine areas. The others (5-
9), in the eastern part, were located near the industrial
and urban zones.

After visiting the sites, a great variety of bivalve
species were identified in the intertidal range. However,
only one Anomalocardia brasiliana (fam. Veneridae),
was found to be present in all of them. In fact, this
species, which is a suspension feeder and lives buried in
the upper 5 cm of sandy substrates, is the dominant and
most frequent bivalve of the Brazilian coast (Peso,
1980). Another venerid Protothaca pectorina, was also
found widely distributed, although not so much as
Anomalocardia. Two species Lucina pectinata (fam.
Lucinadae) and Macoma constricta (fam. Tellinidae)
were abundant in certain restricted areas, probably due
to some environmental constraints.

For comparative qualitative and quantitative pur-
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poses within species, extensive sampling was decided at
site 7. Eight different species listed in Table 1 were
collected, including Mactra fragilis which lives in the
infralittoral zone.

The FID chromatograms of the corresponding
alkane+alkene fractions (fraction I) clearly showed two
different patterns. One, primarily associated to samples
from stations 1-4, consisted of a series of large and well
resolved peaks, and another exhibited a more complex
series of resolved peaks overlying an unresolved
mixture of hydrocarbons (UCM). The study of the
components by HRGC-MS revealed that these two
patterns were dominated respectively by biogenic and
petrogenic hydrocarbons (Albaigés et al, to be
published). The latter include the series of regular
acyclic isoprenoids, the unresolved complex mixture of
alkanes (UCM) and, occasionally, the C,;~C;5 n-
alkanes with carbon number preferences close to unity
(CPI~1).

Based on these parameters, the levels of hydro-
carbon pollution in bivalves of the Todos os Santos Bay
were estimated and are indicated in Table 1. In general,
the lower levels of UCM and high n-alkane CPI values,
that is the less polluted samples, correspond to those
collected at stations 1-4, whereas concentrations up to
30-42 pg g~! wet wt with CPI~1 were found in stations
5-6. Stations 7-9 exhibited an intermediate degree of
contamination. The aromatic hydrocarbons showed a
similar spatial trend. At this respect, it is worth noting
that the concentrations of the UCM of alkanes, deter-
mined by gas chromatography, and the aromatic hydro-
carbons, expressed in UV-fluorescence chrysene
equivalents, exhibit a correlation coefficient of 0.956.
This suggests a similar bioaccumulation pattern of all
species and also a common source for the two types of
hydrocarbons. These data represent a moderate to low
level of petroleum contamination in the bay, when
compared with the levels reported for other coastal
areas. Concentrations of UCM of alkanes in the range
of 100-200 pg g~' dry wt have been reported for
mussels collected in bays and harbours of the US and
Spanish Coasts, whereas concentrations below 10 pg
g ! dry wt were found in relatively unpolluted areas
(Farrington et al, 1983; Risebrough er al, 1983).
Assuming a factor of 5 between dry and wet weights in
mussels it appears that only stations 5 and 6 (Table 1)
can be considered to be heavily contaminated.

Absolute values change from one species to another,
although not very significantly. These differences
cannot be attributed to variations in fat content because
all bivalve species studied ranged between 0.9-11%
wet wt. In any case the variation exhibited by the
dominant species Anomalocardia brasiliana is geo-
graphically significant, reflecting the human activities
existing around the bay and, thus, becoming a suitable
sentinel organism for monitoring organic pollution in
the area.

The concentrations of the organochlorinated
compounds, p,p-DDT (expressed as p,p~DDE) and
PCBs (expressed as the sum of seven congeners)
presented in Table 1, indicate very low levels of these
components in the area.

The use of individual congeners for quantifying
PCBs in environmental samples instead of PCB
commercial mixtures, as in the present case, has
received increasing attention (Tuinstra et al, 1985).
Nevertheless, the large sets of data available on total
PCBs require some guidance for comparison. At this
respect, we have recently shown that concentrations of
the individual congeners Nos. 28, 52, 101, 118, 138,
153, and 180 can be intercompared, exhibiting a mean
ratio among values of 3.17 with a correlation coefficient
of 0.9984 (Porte et al., 1988). Taking this into
consideration, the estimated levels of total PCBs in the
present samples should reach a maximum of 30 ng g™!
dry wt, with most values below 10 ng g™'. As a
reference, the lower values in samples from industrial-
ized countries, are in the order of 8 and 14 ng g™! dry
wt of DDE and total PCBs, respectively (Risebrough et
al., 1983).

Besides these low levels, the geographical patterns of
PCBs and DDT are slightly different, the latter occuring
at higher levels in station 5 and the former at stations
7-9, possibly reflecting different input sources. [t is also
interesting to mention that the different species
accumulate the selected PCB congeners in relatively
similar proportions, thus facilitating the above inter-
comparison of data.

In summary, it can be concluded that the ‘Mussel
Watch’' concept can be applied in tropical zones using
alternative bivalve species as sentinel organisms.
Preliminary data indicate that Anomalocardia brasiliana
exhibit satisfactory response to local changes In
pollutant inputs, although more data on the pollutant
biodynamics of this organism is required.

This work has been carried out in the framework of the CNPq (Brasil)
and C.S.1.C. (Spain) agreement of scientific cooperation.
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TABLE 1
Hydrocarbons (ug g~' wet wt) and DDT and PCBs (ng g™' wet wt) in bivalves of the Todos os Santos Bay.
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Species Stations 1 2 3 4 5 6 7 8 9
Anomalocardia brasiliana a 03(35) 01(26) 05(41) 05(28) 5.1(1.2) 29(1.3) 06(1L.7) 0.2(1.0) 1.4 (1.6)
b <0.1 0.5 39 1.9 19.8 26.0 43 5.5 14.6
c <0.1 <0.1 0.2 0.1 1.6 33 0.5 0.4 0.4
d 0.1 0.05 0.1 0.05 1.2 0.4 0.2 0.05 1.1
e 0.2 nd 0.06 nd nd 0.4 0.3 0.3 0.3
Lucina pectinata a 0.2(6.3) 0.1(1.5) 0.3(3.7)
b <0.1 0.3 1.2
c 0.2 0.1 0.2
d 0.4 0.5 0.05
e 0.3 0.2 nd
Protothaca pectorina a 0622 — 09(1.2) 3.8(4.2) 0.3(1.8)
b 4.1 — 15.7 32 6.6
c 1.1 - 35 0.3 03
d 0.2 0.4 2.5 0.8 19
e nd 0.1 0.6 1.1 0.9
Macoma constricta a 0.7 (4.0) 3.0(1.3) 58(L2)
b 2.5 30.5 42.0
c 0.3 32 9.1
d 0.3 20 0.4
e 0.5 0.6 0.8
Mytella falcata a 26(3.2) 3.2(1.3)
b <0.1 24
c 0.3 0.2
d nd nd
e nd 1.0
Crassostrea rhizophorae a L5 (1.1
b 5.8
c 0.9
d 0.2
e 1.9
Pitar fulminata a 8.0(1.4)
b 5.2
c 0.6
d nd
e 2.1
Mactra fragilis a 0.2(1.2)
b 2.6
¢ 0.2
d nd
e 1.4
Semele proficua a 1.6 (1.4)
b 6.2
c 0.7
d nd
€ 1.4
Trachycardium muricatum a n-alk. (CPI) 1.1(2.3) 22(1.2)
b UCM 4.5 20.6
c arom. 0.5 0.5
d DDT (as DDE) nd 5.1
e PCBs (7 congeners) 0.2 2.1
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