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Abstract The important Portuguese Sado River
estuary has never been investigated for the
presence of potentially endocrine-disrupting
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chemicals (EDCs), such as natural estrogens
(estradiol, estrone), pharmaceutical estrogens
(17α-ethynylestradiol), phytoestrogens (daidzein,
genistein and biochanin A), or industrial chemi-
cals (4-octylphenol, 4-nonylphenol, and bisphenol
A). Thus, the main objective of this study was to
evaluate their presence at 13 sampling points dis-
tributed between both the industrial and the nat-
ural reserve areas of the estuary, zones 1 and 2,
respectively. For that, water samples collected in
summer and winter were processed by solid phase
extraction and analyzed by high-performance
liquid chromatography with photodiode array
detection and gas chromatography–mass spectros-
copy. Results showed that estrone, ethynyles-
tradiol, all the aforementioned phytoestrogens as
well as bisphenol A and 4-octylphenol were found
in zone 1. In zone 2, neither estrogens nor 4-OP
were found. However, in the same zone, daidzein
(500 ng/L) and genistein (320 ng/L) attained their
highest levels in summer, whereas biochanin A
peaked in winter (170 ng/L). Furthermore, bis-
phenol A was also found in some areas of zone 2,
but showed similar concentrations in both surveys
(about 220 ng/L). This study demonstrated that
the Sado River estuary had low EDCs levels,
suggesting that the Sado’s high hydrodynamic ac-
tivity may be involved in the dilution of local pol-
lution. It was suggested that at the current levels
of concentrations, all assayed EDCs are unlikely
to individually cause endocrine disruption in local
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animals. However, under a continuous exposure
scenario, an additive and/or synergistic action of
the estrogenic chemicals load can not be excluded,
and so, continuous monitoring is advisable.
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Daidzein · Endocrine-disrupting chemicals
(EDCs) · Genistein · Phytoestrogens ·
Sado River estuary

Introduction

The Sado River, which is located in the West
in the Iberian Peninsula, Portugal, flows from
the Serra do Caldeirão to the Atlantic Ocean.
It is one of the few European rivers flowing
South to North. During its course of 175 km,
it runs mainly through rural areas before reach-
ing its estuary, which is commonly divided in
two zones (Ferreira et al. 2002). Zone 1 is lo-
cated near the city of Setúbal and the Atlantic
Ocean and is characterized by a large bay that
receives effluents of sewage treatment plants.
The most polluting industries of this zone are
those involving the production of pulp and paper,
pesticides, fertilizers, processed food, and ship-
yards (Catarino et al. 1987). Zone 2 is a natural
reserve park of high environmental importance
(approximately 23,160 ha) which includes many
shallow sandy shores surrounded by typical
Mediterranean forests (Ferreira et al. 2006). The
aquatic fauna of this area includes many species
of fish, mussels, cephalopods and mammals such
as the dolphins, Tursiops truncatus, whose pop-
ulation has been reduced to just 25–30 animals.
Recent studies showed that during the last decade,
pollution in this region increased, confirmed by
the rising levels of nitrates, eutrophication, pesti-
cides and biocides, heavy metals, organotins, poly-
chlorinated biphenyls, and polycyclic aromatic
hydrocarbons (Quevauviller et al. 1989; Ferreira
and Vale 2001; Caeiro et al. 2005; Silva et al.
2006; Almeida et al. 2007). However, to our best
knowledge, estrogens or estrogen mimics (phytoe-
strogens, alkylphenols, etc.), which can contribute
to diverse fish disorders (Jobling et al. 2002; Mills
and Chichester 2005), were never investigated
in this estuary. These chemicals, referred to as

endocrine-disrupting compounds (EDCs), include
natural estrogens [estrone (E1), 17β-estradiol
(E2)], pharmaceutical estrogens [ethynylestradiol
(EE2)], phytoestrogens [daidzein (DAID), genis-
tein (GEN), biochanin A (BIO-A)], and indus-
trial pollutants [bisphenol A [BPA], 4-octylphenol
(4-OP), 4-nonylphenol (4-NP)]. It is known that
the above EDCs can exhibit, even in a few nano-
grams per liter, additive or synergic toxic effects
and further strongly suspected to be responsible
for the appearance of ovotestis in aquatic animals
(Vethaak et al. 2005). Since such a condition was
reported in this estuary for the segment worm
(Hediste diversicolor, Polychaete) and the snail
(Hinia reticulata, Gastropoda) (Pessoa et al. 2001;
Sousa et al. 2005; Moreira et al. 2006), the main
objectives of this study were to (1) identify and
quantify the above referred EDCs in this area,
(2) report possible differences among the patterns
of pollution between the industrial area and the
natural reserve zone, and (3) verify if any of the
studied compounds exist in hazardous amounts.
Moreover, this study is part of a comparative
screening we are making in main Portuguese estu-
aries, which already proved the presence of EDCs
in the estuaries of Douro and Mondego (Ribeiro
et al. 2008a, b).

Materials and methods

Study area

The Sado River estuary is located on the west
coast of Portugal (38◦35′ N, 8◦55′ W; Fig. 1).

Due to the extension of this estuary (235 km2),
13 sampling stations (S1 to S13) were selected
from the river mouth, near the Atlantic Ocean,
to Alcácer do Sal. The sampling stations S1 to
S3 were located near the city of Setúbal (zone 1;
Fig. 1), which is a highly industrialized zone with
about 100,000 inhabitants. The other sampling
stations, S4 to S13, were distributed inside the
natural reserve of the Sado River estuary (zone 2;
Fig. 1). Due to the vast area of the latter zone (ap-
proximately 23,160 ha), it is usually divided into
three main regions: the Comporta channel (S6 to
S9; Fig. 1), the Marateca channel (S10 and S11;
Fig. 1), and the Alcácer do Sal channel (S12 and
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Fig. 1 Map of the Sado River estuary showing the locations of the thirteen sampling areas (S1 to S13), the main industrial
poles, forest and agricultural areas, and the location where the studied EDCs were found

S13; Fig. 1). Sampling stations S4 and S5 (Fig. 1)
represent the middle estuary.

Sampling collection

In summer (July 2006) and winter (December
2006), 2 L of estuarine water samples were col-
lected at a depth of 1 m using a peristaltic sampler
pump (Global Water, model WS300). Sampling
occurred at both high and low tides and at 13 sam-
pling stations (Fig. 1). Water temperature, salinity,
pH, and dissolved oxygen values were evaluated
by the portable meters LF 330/ Set WTW, pH
330i/ Set WTW, and OXi 330i/ Set WTW, re-
spectively. All bottles were rinsed two or three
times before collecting the water samples, which
were immediately filtrated through Millipore glass
fiber filters type 3 (retention 1.2 μm, circles size
4.7 cm) to eliminate particulate matter and any
other suspended solids. Following this procedure,
each filter was washed several times with small
amounts of CH3OH that were added to the latter

filtrate. Finally, all samples were acidified with
H2SO4 to pH 2 to prevent biodegradation and
kept at approximately 5◦C during transport to the
laboratory.

Chemicals

E1, E2, EE2, DAID, GEN, BIO-A, BPA, 4-OP,
and the derivatizing reagent N-methyl-N-
trimethylsilyltrifluoroacetamide (MSTFA) were
obtained from Sigma-Aldrich (Steinhein,
Germany), whereas 4-NP was obtained from
Riedel-de-Haën (Seelze-Hannover, Germany).
Stock solutions of individual standards were pre-
pared by dissolving known amounts of each
compound in CH3OH/CH3CN (50:50, v/v) high-
performance liquid chromatography (HPLC)
grade, acquired from Sigma-Aldrich, to obtain fi-
nal concentrations of 500 mg/L. All other solvents
were of analytical grade from Sigma-Aldrich.
Ultrapure water was supplied by a Milli-Q water
system.
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Sample preparation

All the previously filtered and acidified water
samples (2 L) were pre-concentrated by a solid
phase extraction through a 500-mg Oasis HLB
cartridge purchased from Waters Corporation
(Milford, MA, USA). Firstly, the Oasis cartridges
(polymer of N-vinylpyrrolidone and divinylben-
zene) were sequentially washed with 25 mL of

CH2Cl2/CH3OH (50:50, v/v), 12 mL of CH3OH,
and 25 mL of ultrapure Milli-Q water (Ribeiro
et al. 2007). Secondly, all samples were applied to
cartridges under vacuum at a constant flow rate
of 5–7 mL/min and washed with 25 mL of ultra-
pure Milli-Q water followed by 1 mL of CH3OH;
in this step, all eluates were discarded. Finally,
the cartridges were kept under vacuum aspiration
for 30 min to dry out residual water, and the

Scheme 1 Derivatization
with MSTFA and analysis
by GC
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Table 1 Chromatographic and calibration data obtained for the Sado River estuary

Chemicals Retention time Linear dynamic Intercept Slope R2 Recoveries LOD LOQ
(EDCs) (tr, min) range (μg/mL) (%) (ng/L) (ng/L)

DAID 8.1 0.4–20.0 1463.3 57,644.7 0.99 98 8.3 25.0
GEN 10.6 0.4–20.0 3325.2 53,156.1 0.99 95 8.6 26.0
BPA 12.6 0.9–2.7 −19.2 7,947.3 0.99 99 4.0 12.0
E2 3.6 0.8–2.4 150.4 3,975.2 0.99 99 18.0 55.0
EE2 14.4 1.0–3.0 429.2 3,658.8 0.99 99 18.0 57.0
E1 15.2 0.8–2.4 910.8 3,813.5 0.99 97 10.0 29.0
BIO-A 15.7 0.1–1.2 −4866.0 45,175.5 0.99 91 10.0 21.0
4-OP 25.9 2.0–6.0 507.2 5,355.4 0.99 70 9.0 28.0
4-NP 27.8 2.0–6.0 −746.2 4,694.0 0.99 61 13.0 39.0

LOD limit of detection, LOQ limit of quantification

elution process was performed with 20 mL of
CH2Cl2/CH3OH (50:50, v/v). It was noted that the
extracts from the estuarine water samples had a
dark and sticky appearance, so all extracts were
quantitatively transferred to the pre-washed 1-g
Sep-Pak silica cartridges (CH2Cl2/CH3OH, 50:50,
v/v from Waters Corporation). Seven milliliters of
the same solvent composition was used to elute
samples into a round-bottomed tube and evapo-
rated to dryness in a thermostatic bath at 40◦C
under N2 and then further dissolved in 200 μL
of CH3OH/CH3CN (50:50, v/v). Twenty micro-
liters of each sample was injected in triplicate
into the HPLC with photodiode array detection
(HPLC-DAD) system for quantitative analysis
(Ribeiro et al. 2007). To reconfirm the identity
of the measured EDCs, 50 μL of each sample
was evaporated to dryness before derivatization
with MSTFA and analysis by gas chromatogra-
phy (GC-MS; Scheme 1). The recovery rates, cal-
culated after the pre-concentration and cleanup
steps of all samples in both OASIS and silica
cartridges, showed for the majority of the EDCs
higher than 94%, with the exception of BIO-A
(91%), 4-OP (70%), and 4-NP (61%; Table 1).

Chromatographic system and main
methodological characteristics

The high-pressure liquid chromatography system
consisted of a Merck Hitachi HPLC apparatus
equipped with a LaChrom diode array detector
L-7455 (HPLC-DAD) and a LiChroCART C18

reverse-phase analytical column (250 × 4-mm i.d.,
5-μm particle size, Merck, Darmstadt, Germany).
Data acquisition was performed by the HPLC Sys-
tem Manager HSM D-7000, version 3.0. All analy-
ses in this system followed a previously validated
method developed for the present estuarine water
samples (Ribeiro et al. 2007). Briefly, the chro-
matographic analysis was performed at room tem-
perature using a gradient solvent program with a
flow rate of 1 mL/min. The initial composition of
the mobile phase was CH3CN/H2O (25:75, v/v)

acidified with CF3CO2H, pH 2. The gradient was
programmed to increase linearly the amount of
organic solvent from 0 to 5 min (25–40%), 5 to
14 min (40–55%), 14 to 17 min (55–57%), and 17
to 30 min (57–90%). After each chromatographic
run, the amount of CH3CN increased up to 100%
and maintained isocratically during 5 min before a
new injection. The wavelengths used for detection
of the studied EDCs were 246 nm for DAID,
260 nm for GEN and BIO-A, 278 nm for BPA,
4-OP and 4-NP, and 280 nm for E2, E1, and EE2.
All working calibration curves used for the calcu-
lation of the levels of the latest EDCs showed cor-
relation factors higher than 0.99, and peak areas
were used for the quantitative analysis as shown in
Table 1 and previously reported (Ribeiro et al.
2007). During the application of this method, sev-
eral quality control parameters were performed
taking into consideration the International Con-
ference of Harmonization rules (ICH 1996), i.e.,
the robustness of the method was constantly
checked. For that, the instrumental precision
and accuracy were monitored regularly by the
measurement of the peak areas of injections
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containing both standard mixture and fortified
matrix (relative standard deviation, RSD < 1%).
Furthermore, the maintenance of the retention
times among samples and standards was always
verified as each analyzed sample was injected both
individually (n=2) and spiked with all standards
(n=1). Finally, only the areas of peaks showing
purity tests higher than 99% (this value was calcu-
lated automatically by the HPLC-DAD software)
were considered for the quantitative analysis
(Fig. 6).

The presence of the compounds of interest in
the samples was confirmed by GC-MS on deriva-
tized samples. The GC-MS analytical procedure
used for the current estuarine water samples was
based in published protocols, with adjustments
(Lee et al. 2004; Ballesteros et al. 2006; Shareef

et al. 2006; Silveira 2007). Briefly, The GC-MS
consisted in a Varian CP 3800 apparatus equipped
with a VF-5ms type capillary column (30-m ×
0.25-mm i.d; df, 0.25 μm) connected to an ion trap
mass spectrometer (Varian Saturn 2200). The he-
lium carrier gas (99.99% purity) was maintained
at a constant flow rate of 1.2 mL/min, and the
GC column temperature was programmed from
50◦C (initial equilibrium time 1 min) to 150◦C
via a ramp of 20◦C/min, 150–270◦C via a ramp
of 10◦C/min and maintained at 270◦C for 10 min,
270–280◦C via a ramp of 10◦C/min and held for
10 min. Sample injection (1 μL) was in splitless
mode. The MS conditions were as follows: elec-
tron impact ionization energy was 70 eV, and
the ion source and transfer line temperature were
maintained at 280◦C. As the majority of the an-

Fig. 2 Ranges of pH, dissolved oxygen (mg/L), salinities
(�), and temperature (◦C) measured in the industrial area
(zone 1) and in the natural reserve region (zone 2 Marateca

and middle estuary, Comporta and Alcácer channels) in
summer and winter
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Fig. 3 Chemical structure of the EDCs investigated in the Sado River estuary

alyzed EDCs (Fig. 3) contain several hydroxyl
groups, the MSTFA was the preferred deriva-
tization reagent for preparing the trimethylsilyl
derivatives (Lee et al. 2004; Shareef et al. 2006).
Data acquisition was obtained using the selected
ion monitoring mode. The identification of each
chromatographic peak was achieved by compar-
ing the retention times with co-injected standards
and matching the characteristic ions of standards
and samples (Table 2).

Results and discussion

The results are displayed in Figs. 1, 2, 4, 5, and
6. To better understand the data, it is important
to stress that zone 1 is located around the city of
Setúbal (Fig. 1), which is an area characterized by
significant human and industrial impact (Ferreira
et al. 2006; Vasconcelos et al. 2007). This is in
accordance with findings, in both winter and sum-
mer, of natural (E1) and pharmaceutical estrogens

Table 2 Ions and fragment ratios used for identification of the nine proposed analytes by GC-MS

EDCs Main sourcea MW (molecular Retention Ions selected in standard mixtures
weight g/mol) times (min) (m/z) (% relative abundance)

4-OP Industrial and municipal effluents 206 12.0 278 (30), 179 (100)
4-NP Industrial and municipal effluents 220 13.1 292 (34), 179 (100)
BPA Industrial effluents 228 15.7 372 (6), 357 (100)
E1 Urban and municipal effluents 270 19.7 342 (100), 257 (45)
E2 Urban and municipal effluents 272 19.9 416 (100), 285 (75)
EE2 Municipal effluents 296 21.4 425 (100), 285 (40)
BIO-A Agricultural runoff 284 22.4 428 (8), 413 (100)
DAID Agricultural runoff 254 23.4 398 (100), 383 (85)
GEN Agricultural runoff 270 23.7 471 (1), 399 (100)
aFrom Lintelmann et al. (2003) and Lagana et al. (2004)
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(EE2) in this area (Figs. 1 and 5). However, com-
parison studies done in other Portuguese estuar-
ies, such as the Mondego (Ribeiro et al. 2008b) in
Sado, the levels of both E1 and EE2 were also un-
der the quantification limits of the current HPLC-
DAD method in spite of being in this environment
(GC-MS data, Fig. 5). Since it is well established
that these estrogens are able to produce disrupting
effects in wildlife, even in very low nanograms per
liter concentrations (Mills and Chichester 2005),
it is possible that E1 and EE2, in conjunction,
may additively contribute to reproductive distur-
bances, which include the induction of intersex in
aquatic species of this estuary (Pessoa et al. 2001;
Sousa et al. 2005; Moreira et al. 2006). Concerning

E2, the lack of detection of this estrogen in Sado
estuary is in accordance with our previous studies
in Douro and Mondego Rivers (Ribeiro et al.
2008a, b). This occurrence agrees with the fact that
humans excrete lower levels of E2 than E1 and
that there is a rapid degradation of the former to
E1 (Johnson et al. 2000).

Beyond estrogens, an interesting issue of this
study was the measurement of phytoestrogens.
This comes from the knowledge that zone 1 con-
tains several paper and pulp mill industries, fer-
tilizer industrial units, and food processing plants
(tomato paste and olive oil production, among
others; Ferreira et al. 2002), which may be impor-
tant sources of these compounds (Liggins et al.

Fig. 4 Concentration of
the EDCs measured in
each of the sampling sites
(S1 to S13) of the Sado
River estuary at high and
low tides
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Fig. 5 MS spectra of all detected compounds in the Sado River estuary. The arrows point to the peaks (m/z) used for the
identification of E1 (a), EE2 (b), DAID (c), GEN (d), BIO-A (e), BPA (f), and 4-OP (g)
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Fig. 6 Chromatograms of samples collected in summer
(June 2006) at the S1 (a) and at the S7 (b) sampling points.
The S7 chromatogram shows a sample spiked with stan-

dards containing 0.10 μg/L of DAID and GEN, 0.23 μg/L of
BPA, 0.20 μg/L of E2 and E1, 0.25 μg/L of EE2, 0.03 μg/L
of BIO-A, and 0.5 μg/L of 4-OP and 4-NP

2002). To date, these chemicals, which were never
evaluated in this estuary and seldom in other estu-
aries, may induce endocrine disruption in wildlife
(Kiparissis et al. 2003) when present in high
dosages. In Sado, both DAID (up to 160 ng/L) and
GEN (up to 100 ng/L) were measured in summer
(Figs. 4 and 6), but in winter, both DAID and
GEN were undetectable, and only BIO-A was
quantified (up to 30 ng/L; Fig. 4). This occurrence
seems to suggest a seasonal pattern of fluctua-
tion among these phytoestrogens. However, fur-
ther studies must be conducted to confirm this
hypothesis.

Concerning the industrial pollutants, all as-
sayed compounds were present, with the excep-
tion of 4-NP that was never found in zone 1
(Fig. 1). This may be justified by the partition
coefficient of 4-NP, which associates this pollutant
to organic matter in sediments (Ahel and Giger
1993). The concentrations found for BPA (up to
28 ng/L; Fig. 4) were also inferior than those
expected for an area with such industrial impact,
namely when comparing to other industrialized
estuaries either in Portugal (10 μg/L; Ribeiro
et al. 2008b) or others, such as Spain (2.9 μg/L;
Cespedes et al. 2005) and Germany (50–272 ng/L;
Bolz et al. 2001).

Therefore, we hypothesize that the high hydro-
dynamics of this area (Ferreira et al. 2002) causes
an important dilution effect that may affect the

concentrations of all studied EDCs. This theory
is consistent with the observation that most of
the quantified chemicals were measured in zone
1 in low tide when industrial pollution is visible.
Later, in high tide, the strong washout of this
zone promoted by the Atlantic Ocean seemed to
produce a dilution of the majority of the assayed
EDCs which, in spite of being present (Fig. 5),
were under the quantification limits of the HPLC-
DAD method. This dilution effect, more evident
in winter when the atmospheric conditions are
rougher than in summer, may explain the rela-
tively low levels of EDCs in this area. This theory
is in accordance with the vast diversity of fauna
and flora found in this area, but do not discard
the disrupting effect registered in several species
(Pessoa et al. 2001; Sousa et al. 2005; Moreira et al.
2006) and the continuous decline of emblematic
species, like the dolphin, T. truncatus, which can
result from the synergy of all EDCs present in this
zone together with other stressors.

Zone 2 (Fig. 1), included in the natural reserve
of the Sado River estuary, is characterized by
swamps, sandy areas, agricultural fields, and typ-
ical Mediterranean forests (Ferreira et al. 2006).
In spite of this, all nine pollutants proposed for
this study were also evaluated in this area due to
its proximity to the industrial zone. However, nei-
ther estrogens, 4-OP, or 4-NP were found there,
contrary to BPA that was measured in the two
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sampling points located at the middle estuary
(180 ng/L at S5; 248 ng/L at S12; Fig. 4). Since
these levels were lower than those reported in
other major Portuguese estuaries (Almeida et al.
2007, Ribeiro et al. 2008a, b) and because they
are below the hazardous levels of this pollutant
which regards to aquatic fauna (about 160 μg/L;
Staples et al. 2002; Mills and Chichester 2005), it
is suggested that industrial contamination by BPA
is not critical for this region.

In zone 2, phytoestrogens were the main com-
pounds measured in this area, supposedly due to
the fact that this area is highly agricultural and
highly forested (Fig. 1). Since some sampling was
made among several sandy banks and shallow
areas, the levels of the last compounds were ap-
parently higher in this part of the estuary. Here,
the physicochemical parameters such as temper-
ature, pH, dissolved oxygen, and salinity show
that the sampling areas with higher amounts of
phytoestrogens are those where the time of water
residence is longer (Fig. 2; Ferreira et al. 2006).

In summer, the main measured phytoestrogen
was DAID, which was found at the Alcácer do Sal
channel (500 ng/L at S13), at the Marateca chan-
nel (290 ng/L at S11), and at the middle estuary
(170 ng/L at S4). In all other sampling stations,
located near the Atlantic Ocean, DAID was de-
tected by GC-MS (Figs. 1 and 5). GEN, which is
an important component of cereals (such as rice;
Liggins et al. 2002), was found near the rice fields
located at the Comporta channel (320 ng/L at S6;
Fig. 4). In winter, during the resting stage of all
agricultural activities and indigenous flora, both
DAID and GEN were under the limit of quan-
tification of the current HPLC-DAD method, but
continued to be present in undetectable amounts
at all sampling stations (Fig. 5). In this occasion,
the only phytoestrogen measured in this zone was
BIO-A. Similar results were obtained in other ma-
jor Portuguese estuaries (Ribeiro et al. 2008a, b),
suggesting a seasonal fluctuation pattern for these
compounds; however, these variations/patterns
need further investigation. Thus, BIO-A was mea-
sured at the Alcácer do Sal channel (170 ng/L at
S12) and at the middle of the estuary (130 ng/L at
S4). All other sampling stations had levels below
the detection limits of the HPLC-DAD method
(10 ng/L; Table 1). Since the concentrations of

all measured phytoestrogens were below the haz-
ardous levels described in the in vivo experiments
made by Kiparissis et al. (2003), which showed
that only concentrations above 1,000 μg/L of
GEN produced gonadal intersex in the Japanese
medaka (Oryzias latipes), our current data suggest
that all measured phytoestrogens may not exert
biological prejudicial effects, at least for fish. This
suggestion also agrees with the high biodiversity
of fauna and flora found in the protected zone.

Conclusions

This study (1) showed a different pattern of pollu-
tion between the industrial and the natural reserve
areas of the Sado River estuary, (2) demonstrated
the presence of natural and pharmaceutical es-
trogens, phytoestrogens, and the industrial pollu-
tants, BPA and 4-OP, in zone 1, (3) determined
levels of DAID, GEN, and BIO-A in this estuary,
allowing comparisons with other major estuaries,
(4) suggested a possible seasonal variation for
DAID and GEN, which were abundant in summer
and, for BIO-A, apparently more abundant in
winter, (5) revealed that individually, none of the
measured EDCs was found in known hazardous
levels, but together, they can make a relevant tox-
icological load, leading us to conclude that each
compound is individually unlikely to exert delete-
rious effects in local living organisms but that their
additive and/or synergistic “total estrogenic load”
cannot be ignored (and should be monitored) as to
investigating endocrine disruption, and finally (6)
suggested that the hydrodynamic activity of this
estuary is possibly involved in the dilution process
of all assayed pollutants.
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