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ABSTRACT: This work aimed to assess the quality of sediments from the estuary of the Itanhaém River using whole sediment toxicity
tests with the burrowing amphipod Tiburonella viscana; and the analysis of the benthic community. Results showed that the sediments
are preponderantly sandy, with low or absence of toxicity to T. viscana. The benthic community was poor, composed mainly by oppor-
tunistic organisms, including capitelid polychaetes. Its structure was mainly controlled by the environmental variables, as sediment grain
size and water properties, but some influence of the toxicity was also observed. The quality of the sediments from the estuary ranged
from moderate to good.

KEYWORDS: Estuaries. Geologic sediments. Toxicity tests.

RESUMO: Esta investigacdo teve como objetivo avaliar a qualidade de sedimentos do estudrio do Rio Itanhaém, utilizando teste de
toxicidade de sedimento integral com anfipodo escavador Tiburonella viscana e analise da comunidade bentonica. Os resultados mos-
traram que os sedimentos sio principalmente arenosos, com baixa ou nenhuma toxicidade sobre T. viscana. A comunidade benténica foi
composta principalmente por organismos oportunistas, incluindo poliquetos capitelideos, tendo sido considerada pobre. Sua estrutura
foi controlada principalmente pelas variaveis ambientais, como a granulometria e as propriedades fisico-quimicas da 4gua, porém uma
leve participagdo da toxicidade pdde ser detectada. A qualidade dos sedimentos do estudrio variou entre moderada e boa.

PALAVRAS-CHAVE: Estuarios. Sedimentos geoldgicos. Testes de toxicidade.

RESUMEN: Este trabajo pretendid evaluar la calidad de sedimentos del estuario del Rio Itanhaém usando pruebas de toxicidad de sedi-
mento integral con anfipodo escavador Tiburonella viscana y el analisis de la comunidad bentonica. Los resultados mostraron que los
sedimentos son preponderantemente arenosos, con baja o ninguna toxicidad para T. viscana. La comunidad béntica era pobre, formada
principalmente por organismos oportunistas, incluso poliquetos capitelideos. Su estructura fue controlada principalmente por las varia-
bles ambientales, como lo son el tamafio de los granos de sedimento y propiedades del agua, pero un poco de influencia de la toxicidad
también fue observado. La calidad de los sedimentos del estuario varié de moderado a bueno.

PALABRAS LLAVE: Estuarios. Sedimentos geologicos. Pruebas de toxicidad.

Introduction

The coastal ecosystems, parti-
cularly the estuaries, present high
ecological and economic importan-
ce, offering products and services to

the humans. However, due to their
geographic characteristics, estua-
ries have been occupied by urban
structures, industrial facilities, ports
and harbors, among others. In Bra-
zil, such occupation has been made

disorderedly, resulting in degrada-
tion to the estuarine and associated
ecosystems.

According to Clark (1997), the
discharge of pollutants into the
coastal waters is directly related to
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the land occupation. Once in the
aquatic environment, the chemi-
cals tend to sink to the bottom,
accumulating in the sediments,
where they can be transformed
by a variety of physical, chemical
and biological processes, which can
make them to be released back to
the water column. Thus, sediments
can be not only a reservoir but also
a source of contamination to the
aquatic biota (Burton, 1992).

The biological effects of pollu-
tants are diverse, and may vary
from biochemical and genetic dis-
turbance to ecological unbalance
(Reish, 1986). Besides, the damage
of aquatic populations can threat
the economic exploration of biolo-
gical resources, bringing negative
effects to the economy and the hu-
man health.

The environmental quality can
be evaluated by different approa-
ches, as by chemical as by biolo-
gical perspectives. Toxicity tests
and analyses of the structure of
biological communities are used
to evaluate the environmental
quality, once they are inexpensive
and show the effects of the whole
complex mixture of contaminants
to the organisms (Chapman, Long,
1983; Bilyard, 1987).

The Itanhaém River is located
on the central shore of the State of
Sao Paulo, Brazil (23°50’-24°15’S,
46°35’00”"W) and presents high so-
cial, economic and ecological im-
portance. Its hydrographic basin is
considered the second larger coas-
tal basin in the State of Sao Paulo
(Sant’Anna, 1999). The Itanhaém
River is surrounded by wide man-
groves, supporting regional fishing
and tourist activities and providing
shelter and food for aquatic and
terrestrial species (Souza-Pereira,
Camargo, 2004).

The lower portion of Itanhaém
River and its estuary are influen-
ced by anthropogenic activities,
especially the discharge of untre-
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ated sewage from the Itanhaém
City urban area (Pereira, 2002).
The presence of irregular dumping
sites of urban residues in the vici-
nities constitutes other contami-
nation sources. Chronic sediment
toxicity and bioaccumulation of
Arsenic (As) in tissues of crabs we-
re already found in Itanhaém river
(Carmo et al, 2004). Recently, toxi-
city in sediments from two sites of
this river (Seriani, Silveira, 2005;
Seriani, et al, 2006) was observed.
Other studies have also correlated
the pollution to physical-chemical
alterations in the water (Abessa
et al, 2006; Camargo, et al, 1996)
and in the biological communities
(Choueri, 2000).

The objective of this study was
to evaluate the environmental
quality of the estuary of the Itanha-
ém River, by using 10-day whole
sediment toxicity tests with the
burrowing amphipod Tiburonella
viscana and analyses of the benthic
community structure.

Materials and methods

The sediments samples were
collected with a “Van Veen” grab
sampler at six stations situated in
the estuary of the Itanhaém River
(Figure 1). The samples for physical
and ecotoxicological analyses were
immediately cooled. In laboratory,
the aliquots for the toxicity tests
were refrigerated, whereas those
for physical-chemical analyses we-
re frozen.

Independent samples were
taken for the benthos and sieved by
a 0.5 mm mesh. The retained or-
ganisms were identified under mi-
croscope till the minimum possible
level accordin Amaral et al, (2006).
The dataset was used to calculate
the Specific Richness (S); Total Or-
ganisms Density; Shannon-Wiever
Diversity (H'); Simpson Dominan-
ce (J); and Polychaetes Dominan-
ce according Abessa (2002), Abel
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(1989) apud Seriani et al (2005).
Water column samples were col-
lected for the analysis of physi-
cal chemical parameters (APHA,
2005). The water temperature was
measured by a digital thermome-
ter; the pH was determined by a
digital pHmeter; and the salinity
was obtained by the use of a hand
refractometer. The total ammonia
concentration (NH,-NH,) was mea-
sured by colorimetric method (Ko-
roleff, 1970).

The sediment grain size distri-
bution was measured by the dry
sieving method (Suguio, 1973).
The calcium carbonate content was
analyzed by the difference of wei-
ghts, before and after digestion in
10% HCI (Gross, 1971). The Orga-
nic Matter (OM) content was esti-
mated by weight difference before
and after incineration at 600°C for
90 minutes.

The 10-day whole sediment to-
xicity test was conducted following
the method described by Melo,
Abessa (2002) for Tiburonella vis-
cana. The test-organisms and the
control sediment were collected
at Engenho d’Agua Beach, in Ilha
Bela Island.

The environmental, physical-
chemical, ecotoxicological and
ecological data were integrated
by several methods. Multiple Pe-
arson correlations were calculated
for the ecological indices X variable
ecotoxicological data and sediment
characteristics. Variables for whi-
ch correlation coefficients (r) we-
re above 10.4l, when p<0.05, were
considered significantly correla-
ted. Another method used to re-
late the biotic and abiotic data was
the Canonic Ordination Analysis,
coupled with the Monte Carlo test
(Abessa, 2002).

Results

The sediments from the estuary
were composed mainly by fine san-
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Table I. Sediment properties from the estuary of the Itanhaém River (grain size distribution,
organic matter (OM) and calcium carbonate — CaCO,)

Sediment grain size retained by the different diameter of sieves (%) oM CaCoO,
>1.7mm 600 425 300 150 75 <75 (%) el
um um um um um um

St1 1.40 0.20 0.10 1.80 17.40 74.10 5.00 2.6 6.0
St2 0.00 0.00 0.00 0.90 2.80 96.30 0.00 2.4 7.0
St3 4.06 1.20 3.50 21.60 58.90 10.70 0.04 1.6 1.9
St4 0.00 0.00 0.20 1.10 11.90 86.50 0.30 9.2 5.7
Stb 0.00 0.00 0.20 1.00 22.10 76.50 0.20 6.0 3.3
St6 0.06 0.00 0.10 1.32 16.35 81.75 0.42 14.2 4.3
Control 0.00 0.10 4.60 16.40 44.00 33.00 1.90 4.8 35

ds (Table I), excepting those from
the Station 2, which were pre-
dominantly muddy. The calcium
carbonate (CaCO,) contents in the
samples ranged between 1.9 and
7.0 %, with higher values occur-
ring in the sediments from stations
1 and 2. The organic matter con-

tents ranged from 1.6 to 14.2%.
High values were observed in the
samples from stations 4 and 6.
The water physical-chemical
parameters are shown in the Table
II. Salinities ranged between 0 and
2 4, with higher values observed
in the mouth of the estuary. The

low values demonstrated the high
fluvial influence, which was due
to the high summer precipitation
rates. Temperatures of the waters
ranged from 22 to 25°C, whereas
the pH ranged between 5.46 and
6.70. The total ammonia contents
were low in the most of stations,

Table II. Physical-chemical characteristics of the water column in the estuary of ltanhaém River, SP, Brazil
(during the dropping tide)

Sampling Station Temperature (°C) pH Salinity (a) NH,-NH, (ppm)
St1 235 6.06 0.0 0.25
St2 22.0 5.46 0.0 0.25
St3 23.0 5.563 0.0 0.25
St4 25.0 6.70 0.0 1.50
St5 23.0 5.96 0.5 0.25
St6 22.0 5.97 2.0 0.25

Table lll. Number of macrofaunal organisms collected in the estuary of [tanhaém River,
in the Summer 2005

Taxonomic group Station Station Station Station Station Station

1 2 3 4 5 6
Tanaidacea (Kalliapseudes.schiibartii) 42 0 0 0 0 0
Chaetopteridae 5 0 0 1 0 0
Goniadidae (Ophioglycera sp.) 2 0 0 1 0 0
Gastropoda (Anachis obesa) 1 1 0 0 0 0
Orbinidae sp1 0 4 0 0 0 1
Paraonidae sp1 0 1 0 0 0 0
Capitelidae sp 1 6 31 0 0 0 0
Capitelidae sp 2 2 0 0 0 0
Capitelidae 7 0 0 0 0
Decapoda 0 0 1 0 0
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Table IV. Ecological indices calculated for each sampling station

Station Specific Shannon Simpson Polychaetes Density
Richness Diversity (H’) Dominance Density (%) (orgs*m-)

St1 7 1.21 0.37 33.84 2500
St2 5 0.75 0.53 97.43 1500
St3 0 NC NC 0 0
St4 3 1.09 0.00 66.67 115.38
Stb5 0 NC NC 0 0
St6 1 NC 1.00 100 38.46

NC = Not calculable.

with a higher concentration in the
water from the station 4.

In the bioassay, no significant
toxicity was observed (Figure 2).
High survival variability between
replicates occurred for some sam-
ples. Some authors interpret this as
a possible signal of effects (Seriani,
Silveira, 2005); but for the present
investigation this hypothesis could
not be confirmed. However, chro-

nic toxicity was previously detected
in this estuary (Carmo et al, 2004),
showing that this statement may
be possible, thus, further studied
are required.

The results of benthic commu-
nity structure are summarized in
the Tables III and IV. The benthos
was poor, and only ten taxonomic
groups were identified, comprising
1 tanaid species (Kalliapseudes schii-

bartii), 1 gastropod species (Anachis
obesa), 1 unidentified larvae of de-
capod and 7 different polychates
(Table III). Capitelids were found
in stations 1 and 2. No benthic or-
ganism was collected in the stations
3 and 5, thus, not all the ecological
indices were calculated for these
stations.

The results of the multiple cor-
relation analyses are shown at the

Table V. Correlation coefficients (r) between the ecological indices and the abiotic and ecotoxicological data,

for the estuary of Itanhaém River (p = 0.05)

Variable Specific Shannon-Diversity Simpson Polychaetes Total Density
Richness Dominance Density (%) (orgs*m)

T. viscana survival 0.72

Temperature (°C) 0.55 -0.71

pH 0.46 -0.64

CaCoO,(%) 0.85 0.80 -0.73 0.69 0.68
Organic Matter (%) 0.51 -0.51
Gravel (%) -0.44 -0.41 -0.60

Gross sand (%) -0.57

Medium sand (%) -0.44 -0.42 0.40 -0.54

Mud (%) 0.44 0.51 0.42

Table V. Some correlations were
observed between abiotic and bio-
tic variables; they will be further
explored in the Discussion section
of this paper.

The result of the canonic ordina-
tion analysis is summarized in the
Fig 3. The first two axes explained
about 89.12% of variances. The

following taxonomic groups sho-
wed correlation with the 1% Axis (p
=0.05): K. schubartii (-0.401); Ana-
chis obesa (-0.412); Capitellidae sp2
(-0.412) and Capitelidae (-0.401).
The taxa Orbinidae (0.482); Parao-
nidae (0.475) and Capitella capitata
(0.442) presented correlation with
the 2 Axis. None of the groups
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showed correlation to the two Axes,
whereas Goniadidae, Chaetopteri-
dae and Decapoda did not correlate
to any axis. Among the abiotic va-
riables, the CaCO,and OM contents
correlated to the 1% Axis (-0.637
and 0.482, respectively), whereas
amphipod survival (0.583), mud
(0.935) and fine- very fine sands
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contents (-0.918), water temperatu-
re and pH (-0.640 and 0.642, respec-
tively) correlated to the 2™ Axis.

The ordination analyses sho-
wed the formation of a group con-
taining the stations 3, 4, 5 and 6,
with weak relation to the 1% axis
(Figure 3). The station 4 presented
weak correlation to the 2" axis as
well. The station 1 was strongly
correlated to the 1* axis and we-
akly to the 2™ axis, whereas the
station 2 presented strong correla-
tion to the 2™ axis and weak to the
first one.

Discussion

The tanaid Kalliapseudes schii-
bartii occurred only at Station 1,
where it was the predominant spe-
cies. The sediment of this station
was composed by fine sands, with
muds and high percent of CaCO,.
Such peracarid crustacean seems
to have preference for this kind of
substrate, as previously reported
for Lagoa dos Patos, Southern Bra-
zil (Capitolli et al, 1978). Besides,
K. schiibartii was dominant in the
estuary of Cubatao River, a pollu-
ted site, being considered a pollu-
tion-tolerant species (Nipper et al,
1990). Together with K. schiibartii,
capitelid polychaetes were present
in relatively high densities. Accor-
ding to Lana et al (1989), the asso-
ciation of K. schiibartii and capitelid
polychaetes occurs in estuaries
from the S-SE coast of Brazil, espe-
cially when there is deposition of
fines and OM. Moreover, this spe-
cies was previously found at the
Itanhaém River, in organically rich
sediments (Choueri, 2000).

The Station 2 was located ap-
proximately at 1 km distance
from the Station 1, receiving the
discharges of a sewage pipe. The
sediments were composed by fine
sands and high CaCO, contents.
In spite of the relatively high am-
phipod survival in the toxicity test
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(70%), the benthic assemblage
showed characteristics of impacted
environment, with high incidence
of bioindicators of organic pollu-
tion, especially capitelids (Pearson,
Rosenberg, 1978).

The sediments of the Stations 3
and 5 showed no fauna. This could
be due to their sandy composition
and the action of tidal currents,
which cause physical instability.
Abessa (2002) related the absence
of fauna in the Sao Vicente estuary
to these factors, in areas without
toxicity or contamination. In spi-
te of it, in these two stations, the
survival of T. viscana in the bioassay
was relatively low (65 and 53 %,
respectively). Once chronic toxicity
was already reported for sediments
from this estuary, the results obser-
ved here may be reflecting not only
the physical instability, but also so-
me long-term effects, not measu-
red in this study.

In the Station 4, the benthic
fauna was represented by few or-
ganisms. The concentration of total
ammonia in the water column was
considered relatively high (1.5 mg
L), and the organic matter con-
tents in the sediment was high.
Carmo et al (2004) reported the
discharge of sewage close to this
station, and the results obtained in
the present study can be reflecting
the influence of such discharge on
the benthic community. The Sta-
tion 6 was located in the mouth of
the estuary, receiving thus more
marine influence. Its diversity was
extremely low and the macrofau-
na was composed only by orbinid
polychaetes.

The Shannon Diversity (H')
showed positive correlation with
the water temperature and pH,
whereas the dominance correla-
ted negatively to both variables.
The survival of T. viscana correlated
positively to the mud contents and
negatively to the fine and very fine
sands contents. This parameter also

showed positive correlation with
the polychaetes density, probably
due to the sediment physical pro-
perties. Biotic integrity seemed to
respond positively to the increase
in the sediment grain size, where-
as the polychaetes density showed
an opposite behavior (Table V). The
correlations showed that water
properties and sediment grain size
are influencing directly the benthic
macrofauna.

In order to understand indirect
relationships between biotic and
abiotic data, multivariate analysis
was applied (Figure 3). The results
also indicated the influence of se-
diment and water properties and
indirect effects of contamination
(i.e., the toxicity) on the benthic
community structure.

Gray (1974) refers to the se-
diment properties as the main
factors responsible for the struc-
ture of benthic communities, and
that the grain size composition
is a major importance factor, be-
cause it influences the porosity,
permeability, presence of organic
compounds, and dissolved oxygen
levels. In this investigation, the cor-
relations between the ecological
indices and the different sediment
fractions, CaCO, and OM contents
are in agree to such findings, and
suggested that fine and CaCO, rich
sediments tend to be more diver-
se and present more species. This
finding is corroborated by the fact
that K. schubartii, Capitelidae, Capi-
telidae sp2, and A. obesa have been
influenced by the CaCO, and OM
contents, whereas Paraonidade,
C. capitata and Orbinidae were in-
fluenced by toxicity, mud content
and related negatively to the water
temperature and pH.

Read et al (1978) suggested that
sediments with high levels of mud
tend to be more diverse, allowing
the heterogeneity of the habitats.
However, due their electric charges
or molecular affinity, the contami-
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nants can be adsorbed to the mud
particles or to OM, being transferred
to the benthic organisms. Similar
phenomena was already descri-
bed for this estuary (Carmo et al,
2004), with higher levels of Arse-
nic in tissues of crabs occurring in
the areas where the OM contents
in sediments were higher. In this
study, the relationships between
the ecotoxicological and ecologi-
cal data were not very clear, either
suggesting absence of impacts or sli-
ght disturbances, as dominance of C.
capitata and low biological diversity.
According to Nipper et al (1998),
when sediments present moderate
levels of contamination the results

USING BIOASSAYS AND BENTHIC COMMUNITY TO EVALUATE THE SEDIMENT QUALITY

AT THE ESTUARY OF ITANHAEM RIVER, SP, BRAZIL

can be highly variable. Thus, their
interpretation must consider the
interference factors, especially in
estuaries, where the environmen-
tal characteristics are variable and
unpredictable (Kennish, 1990).
The benthic community struc-
ture of the Itanhaém River estua-
ry was similar to that observed for
the Sao Vicente Estuary (Abessa,
2002), a low to mildly contami-
nated area. In both estuaries, the
benthos was composed by few or-
ganisms, normally opportunistic
ones, inhabiting sandy substrates,
with some stations showing absen-
ce of animals. Such communities
are greatly influenced by the physi-

cal properties of sediments and wa-
ter, but some influence of toxicity
was also observed. Despite the qua-
lity of the sediments can be consi-
dered as ranging from moderate to
good, sewage discharges represent
a threat to Itanhaém River estuary,
once they may cause eutrophica-
tion, red tides and introduction of
pathologic organisms. Recently,
this estuary was found to be a sha-
rk nursery and feeding area (Gadig
etal, 2001), highlighting its econo-
mic and ecological importance. The
presence of contamination sources
shows the need of continuing stu-
dies at this site, aiming to preserve
its biological resources.

Figure 1. Estuary of the Iltanhaém River, showing the sampling stations
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Figure 2. Results of the whole sediment toxicity tests with T. viscana
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Figure 3. Spacial distribution of stations and variables, reduced to two dimensions, from the canonic ordination
analysis, using the abiotic and biotic matrices
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