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ABSTRACT

The aim of the present study was to identify, tigfoecotoxicological assays, the most critical areas
in the Baixada Santista area by compiling scientgapers and technical reports of the state
environmental agency. Sediment samples were askesseploying Tiburonella viscana,
Leptocheirus plumulosus, Nitoksa., and embryos dfytechinus variegatuandPerna pernaWater
column samples were assessed by uigio fischeri and Lytechinus variegatusA total of 217
samples were compiled. It was found that the fraqueof acute toxicity was higher in integral
sediment samples from the Santos Channel (70.68f%b)ttee lowest frequency was obtained for
Bertioga beach samples (15%). Sediment from théoSamd S&o Vicente Channels, Santos Bay and
the area for the disposal of dredged material lageptaces most affected, whereas the beaches of
Guaruja and Bertioga presented low levels of toxidNo ecotoxicological studies were found in
Mongagud, Itanhaém or Peruibe cities.

Resumo

O objetivo deste trabalho foi identificar, atravds ensaios ecotoxicolégicos com amostras
ambientais, as areas mais criticas na Baixadas&actmpilando trabalhos cientificos e relatérios
técnicos do 6rgdo ambiental estadual. Para o satnieram utilizadas espécies cofiburonella
viscanae Leptocheirus plumulosus, Nitoksp, embriGes deytechinus variegatus dePerna perna
Para a coluna de agua foram realizados ensaio¥/dwin fischerie Lytechinus variegatus\o total
foram compiladas 217 amostras. Verificou-se queequEncia de toxicidade aguda foi maior nas
amostras de sedimento integral do Canal de Sarig88%), e a menor frequéncia foi obtida para as
praias de Bertioga (15%). O sedimento do CanalaoS, Canal de S&o Vicente e Baia de Santos e
da area de descarte do material dragado foramg#esemais afetadas, enquanto que as Praias de
Bertioga e Guaruja foram as de menor frequéncitoxieidade. Ndo foram identificados estudos
para os municipios de Mongagua, Itanhaém e Peruibe.

Descriptors: Toxicity tests, Baixada Santista, Aippts, Copepods, Sea urchin and mussel
embryos, Bacteria.

Descritores: Ensaios ecotoxicolégicos, Baixadais@antAnfipodos, copépodos, Embrides de ourico-
do-mar e mexilhdo, Bactéria.

INTRODUCTION The Baixada Santista (an area of 2,422 km
extending from 24°24'20"S  47°00'18"W to
23°45'30"S 45°52'14"W) covers nine coastal

Over the course of the history of humanity,municipalities: Bertioga, Guaruja, Santos, S&o
coastlines have been the areas most sought forrhumgicente, Cubatdo, Praia Grande, Mongagua, Itanhaém
settlement. Currently approximately 60% of theand Peruibe. This area had a population of 1.7amill
world's  population lives in coastal areasin 2010, which could double during summer. The
(LINDEBOOM, 2002). Social and economic Baixada Santista also has one of the largest maagrov
developments have affected marine environmentgyeas in the S&o Paulo state, with a vast strétshnal
resulting in changes in biogeochemical cycleshie t par.
capacity for the production of biomass, loss of The environmental sanitation agency of the
diversity, among other problems (NEVE& al, S&o Paulo State (CETESB - Companhia de Tecnologia
2008). de Saneamento Ambiental) has been conducting
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studies in the Santos/S&o Vicente Bay and estuaBaixada Santista region, as well as identifyingiaailt
since 1970. These studies have found that thimés oareas that should be subjected to monitoring,
of the most eutrophic regions in the world, witlghhi remediation and further studies.

primary production rates, high availability of rnetrts

and contamination by fecal coliforms in areas rikar MATERIAL AND METHODS
beaches and estuary, as well as contamination by This review includes only scientific studies
metals (Hg and Pb) (CETESB, 2004). undertaken by universities and research instituzted,

In the 1980s, CETESB carried out a NeWechnical reports from CETESB, obtained between
study of the area, including in its scope water, il 1996 and 2011. It does not include data from studie
and vegetation, and itsf result.s. indicateq.thaleﬂrtire carried out for the purpose of applying for licensed
bay and estuary were in a critical condition dué®  enyironmental monitoring  for  installation and
unusually high levels of metals. ~_ operation of industrial or port activities.

A study on the quality of the water initiated The Baixada Santista region was divided
in the late 1990s indicated a considerable decrefse jhig nine large areas according to their uses gpest
some contaminants, although Hg, halogenategs anthropic interference (Fig. 1), as follows: Bega
aromatic compounds, and pesticides were found 'Beaches, Bertioga Channel, Santos Channel — port,
sediment and organisms. The toxicity tests had n@&zg vicente Channel, Santos Bay, Guaruja, dredge
thus far been employed. material disposal area, Laje de Santos and Praia

Over the last two decades, urban and pofgrande — outfalls. Ecotoxicological studies with
development has caused a considerable increake in Eamples from the cities of Mongagua, Itanhaém and
discharge of pollutants, and currently some of th@eryipe were not found. The locations where
cities in the Baixada Santista monitor the quality Oecotoxicologic test samples were collected, both fo
their_ coastal waters, especially thc_eir suitabilftyr sediment and for water column assays, were platted
bathing. Some of them, such as Praia Grande, Guaryheir respective areas, as illustrated in Figuré/en
and Santos, have submarine sewage outfalls whi¢hytiple samples were obtained from any given sites
have brought considerable improvement to watefhey have been assigned only one identification
quality. ) ) regardless of specific sample area.

The submarine outfalls improve the water The number of samples obtained was
quality at the beaches, but they are a source Qfiytiplied by the number of tests applied to each
pollutants such as surfactants, pharmaceuticalgample. The study includes the total number aneistyp
metals, organic material, and other compounds o thy tests performed in many different sections & th
bay. The precipitation of solids around the diffisse study in each region, as well as number of samples

area may result in toxicity as well as alterationtie  {hat had an acute and/or chronic effect, in eactlyst
composition of the benthic fauna (ABESS# al., (Taple 1 and Table 2).

2005; BORGESt al, 2008; CORTEZ, 2010). Al the studies compiled employed

~ The levels of xenobiotics can be measured iRcotoxicological assays to assess environment ssmpl
sediment and water column, but their biologicakyrough widely used methods, such as those proposed
effects cannot be assessed by chemical analysis, ¢ MELO (1993) and MELO & NIPPER (2007) for
ecotoxicological assays are helpful for assessingsting acute effects in whole sediment sampleh wit
pollutant bioavailability and its effects in theuw@ic  the marine amphipodiburonella viscana.For this
environment (POWER & CHAPMAN, 1995). pyrrowing amphipod and for the estuarine amphipod
Ecotoxicological assays are procedures employeal a3 gptocheirus plumulosuie assays were performed in
tool for the assessment of the harmful effectsrdle  5ccordance with ABNT NBR (2008). The chronic
chemical ~substances, —complex —mixtures —andffect assay with whole sediment and interstitiataw
enwro_nmental samples on previously selecteqyith the harpacticoid copepoditokra sp were
organisms (RANetal., 1995). _ performed in accordance with LOTUFO & ABESSA

The application of ecotoxicological assays t0(12002). The short duration chronic assay with

assess the toxicity of effluents and environmentglytechinus variegatusmbryos was initially described
samples began in Brazil in the late 1980s. One @f trby USEPA (1988), CETESB (1992) and later
first applications of toxic!ty tests to environmaht _regulated by ABNT NBR (2006), as well as the acute
samples.of water and sediment from the SantosmegiQfect assay Wwith.. variegatusgametes. Moreover,
was carried out by RACHID (1996) around the Santoghonic effect assays were also performed withlbéva
submarine sewage outfall, and another by ABESS%mbryos as recommended by ASTM (1992) and
(1996) in sediment from the Santos/S&o Vicente Baé(dapted forPerna pernamussel by ZARONIet al.
and estuary. (2005). The acute effect assay with the marinedbizct

~ This study presents a broad review of theyjprio fischeri was performed in accordance with
ecotoxicological assessments performed in th@gNT NBR (2007).
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Fig. 1. Stations for ecotoxicological tests (snaiits) and 9 areas locations (circles) defined
according to the use and types of anthropogengcference from Baixada Santista.

Table 1. Summary of studies, sample sites and ssmelated to each area.

Area

Santos Bay

Santos Channel

Sé&o Vicente Channel
Channel and Beaches
Bertioga

Dredge Material Disposal
Praia Grande

Guaruja

Laje de Santos

Total

Studies Total Sample Sediment Sample Water Sample
Number Sites Number Number
11 32 51 74
14 51 64 10
7 19 26 6
5 45 87 19
4 16 21 0
2 15 15 15
7 36 42 15
1 3 0 3
51 217 306 142
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Table 2. Summary of studies in Baixada Santistarkg, type of effect, number of sampling campafgnsites, test organism
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used in each fraction, number of toxic samplespenber of samples analyzed and reference.

Area

Santos Bay

Santos Channel

Sao Vicente
Channel

Assay
Chronic

Acute

Chronic
Chronic

Acute
Chronic

Acute
Chronic

Acute
Chronic
Acute
Chronic

Acute
Chronic

Acute
Chronic
Acute
Chronic

Acute
Chronic
Acute
Chronic

Acute
Chronic

Acute
Chronic

Acute
Chronic

Acute

Chronic

Acute
Chronic

Sampling
Campaigns/Sites
2/1

2/2 and 1/1
1/5

1/9

12/3

1/4

5/5

171

11

11

312
1/8

1/12

2/1

1/3 and 2/3

1/3

2/3
1/6

2/5

1/4

1/4

3/2
1/5

1/7

1/2

Fraction / Organisms

Column .. variegatus
SedimenfT- viscana
Sediment T. viscana
Sediment T. vicana
Interstitial -L. variegatus
Column - surfacel-. variegatus
Column — bottom L. variegatus
Interstitial L. variegatus
Interface -L. variegatus
Sediment T. viscana
Sediment T. viscana
Interstitial -L. variegatus
Interface -L. variegatus
Sediment T. viscana
Interstitial -L. variegatus
Elutriate -L. variegatus
Sediment T. viscana
Interstitial -L. variegatus
Elutriate -L. variegatus
Interface L. variegatus
Sediment T viscana
Sediment T viscana
Interstitial -L variegatus
Interstitial L variegatus
Interface L variegatus
Sediment T viscana
Interstitial -L variegatus
Interface -L variegatus
Sediment -Nitokra sp
SedimentL- plumulosus
Interface -L variegatus
Sediment T viscana
Interstitial -L variegatus
Interface L variegatus
Sediment E plumulosus
Interface L variegatus
Sediment T viscana
Elutriate -L variegatus
Sediment T viscana
Elutriate -L variegatus
Interstitial -L variegatus
Interface 1L variegatus
Sediment -Nitokra sp
Interstitial —Nitokra sp
Column -L variegatus
Column -V fischeri
Sediment T viscana
Interstitial -L variegatus
Elutriate -L variegatus
Sediment T viscana
Interstitial -L variegatus
Elutriate -L variegatus
Interface L variegatus
Sediment T. viscana
Sediment T. viscana
Interstitial -L. variegatus
Interstitial -L. variegatus
Interface -L. variegatus
Sediment T. viscana
Interstitial -L. variegatus
Interface . variegatus

Toxic Samples/
Samples Analyzed
1/2
3/5
3/5
2/9
9/9
1/36
15/36
4/4
2/4
12/25
171
11
171
11
171
11
0/1
11
0/1
11
5/6
8/8
8/8
9/12
6/12
1/2
22
212
1/2
1/3
3/6
2/3
3/3
2/3
0/6
4/6
6/6
4/6
3/10
7/10
8/10
5/10
2/10
1/10
3/10
0/10
0/4
4/4
2/4
1/4
4/4
4/4
4/4
5/6
2/5
5/5
6/7
1/7
1/2
212
2/2

Reference

Rachid, 1996

Abessa, 1996

Abessa & Sousa, 2001
Abessat al, 2008
Pereirat al, 2004
Présperi, 2002
Abesset al.,2005
Cesaet al, 2006;
Pusceddet al, 2007

Torreset al, 2009

Moreira, 2009

Abessa, 1996
Abessat al, 2008

Présperi, 2002

Argentino-Santos, 2006

CETESB, 2006

Cesaet al, 2006;
Pusceddet al, 2007

CETESB, 2007
Sousat al, 2007

Sousat al, 2008;
Gianesellat al, 2008

Torreset al, 2009

Moreira, 2009

Abessa, 1996
Abessat al, 2008

Présperi, 2002

Cesaet al, 2006;
Pusceddet al, 2007
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Table 2. Continuation.

Area Assay

Séao Vicente
Channel

Acute
Chronic

Acute
Acute
Chronic
Acute
Chronic
Acute
Chronic

Bertioga
Channel

Chronic

Acute

Chronic

Acute
Bertioga Acute
Beaches

Chronic

Dredge Chronic
Material
Disposal Acute

Chronic

Acute
Chronic
Acute
Chronic
Praia Grande Acute
Chronic
Acute
Guaruja Acute
Chronic
Acute
Chronic

Acute
Chronic
Acute
Chronic
Acute
Chronic

Acute
Chronic

Laje de Santos  Chronic

Sampling
Campaigns/Sites
2/3

12

2/7 and 2/6

11

1/5 and 1/4

1/11
1/15 and 2/5

1/2

2/5

1/4

1/5

1/10
1/5

17
171

2/6

1/3

1/3

1/12

1/4

1/3

Fraction / Organisms

Sediment T. viscana
Sediment -Nitokra sp
Interface -L. variegatus
Elutriate -L. variegatus
Interstitial -L. variegatus
Interstitial —Nitokra sp
Column -L. variegatus
Column -V. fischeri
Sediment T viscana
Interstitial -L variegatus
SedimenfT- viscana
Sediment -Nitokra sp
Acute Interstitial L. variegatus
Interstitial -L. variegatus
Interstitial —Nitokra sp
Interstitial —P. perna
Interstitial -L. variegatus
Interface L. variegatus
SedimentL- plumulosus
Interface . variegatus
Column -V. fischeri
Sediment T. viscana
Sedimenfl- viscana
Sediment -Nitokra sp
Acute Interstitial L. variegatus
Interstitial -L. variegatus
Interstitial —Nitokra sp
Interstitial -P. perna
Interstitial -L. variegatus
Interface -L. variegatus
Sediment T. viscana
Interstitial -L. variegatus
Interface L. variegatus
Sediment -Nitokra sp
Sediment T. viscana
Elutriate -L. variegatus
Sediment T. viscana
Elutriate -L. variegatus
Interstitial -L. variegatus
SedimentT. viscana
Sediment L. plumulosus
Interface -L. variegatu
Column- V. fischeri
Sediment T. viscana
Sediment T. viscana
Interstitial -L. variegatus
Sediment T. viscana
Sediment Nitokra sp
Interstitial- L. variegatus
Interface L. variegatus
Sediment T. viscana
Elutriate -L. variegatus
Sediment L. plumulosus
Interface- L. variegatus
Column- V. fischeri
Interface L. variegatus
Elutriate -L. variegatus
Column -L. variegatus
Sediment T. viscana
Elutriate -L. variegatus
Interstitial- L. variegatus
Column L. variegatus

Toxic Samples/
Samples Analyzed
1/6
1/6
5/6
3/6
5/6
0/6
1/6
0/6
22
171
1/12
3/19
4/12
17/26
3/12
10/13
171
11
0/5
1/5
0/4
10/11
0/10
1/10
3/10
8/20
1/10
14/20
22
1/2
4/10
10/10
0/10
1/10
2/4
0/4
0/5
5/5
2/5
6/10
1/5
0/5
0/5
417
0/1
11
3/12
1/12
4/12
0/12
2/3
0/3
0/3
2/3
0/3
6/12
1/12
5/12
1/4
3/4
3/4
1/3

Reference

Sousat al, 2008,
Gianesellat al, 2008

Abessat al, 2008

Zaroni, 2006

Pusceddat al, 2007

CETESB, 2008

Pozet al, 2011
Zaroni, 2006

Présperi, 2002

Argentino-Santos, 2006

Sousat al, 2007

Torreset al, 2009

Abessa & Sousa, 2001
CETESB, 2008

Abessa & Sousa, 2001
Abessat al, 2008

Argentino-Santos, 2006

Sousat al, 2007

CETESB, 2008

Medeirost al, 2009

Torreset al, 2009

Abessat al, 2004
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ResuLTs aANDDIscussION physical and chemical analysis of sediment samples
obtained from 22 sampling sites.

The number of samples obtained in the In Brazil, after the Brazilian Legislation for

estuaries, beaches and internal platform cover&d oPredged Sediments (CONAMA n°344; BRAZIL,

sampling sites of the Baixada Santista. A summary &004)_, studies i_ncluding_ ecotoxicological assay_d an
the studies, sampling sites, effects and organims chemical analysis of sediments to be dredged agid th
shown in Tables 1 and 2. disposal area became a requirement for the

Initial toxicity assessment studies of waterclassification and management of dredged material.
column and sediment were performed in 1996 b ARGENTINO-SANTOS (2006) assessed 12

RACHID (1996) and ABESSA (1996). RACHID sampling sites in four different areas in the Baaad
(1996) assessed urban effluent samples from Prap@ntista region: Santos Channel, Santos Bay, former
Grande, Santos/S&o Vicente, Guaruja and sznd current disposal areas, and around_ the dlspers[
Sebastido using acute and chronic assays with &réa of dredged material off the Guaruja coasts Thi
variegatus gametes and embryos. Water columrstudy evaluated sediment toxicity in the dredged
samples obtained near the diffusers of the submarifnaterial disposal area, in the Santos channel aod,
outfall of Santos Bay were also assessed. ABESSIR the coastal dispersion area for dredged sediment
(1996), however, attempted to measure sedimefgcotoxicological assays were performed with the
toxicity on the Tiburonella viscana burrowing liquid and solid fractions of the sediment beforal a
amphipod, by collecting samples in the Santos regio?ftér dredging activity, using. variegatusembryos,
previously known to be contaminated (Santos and Sap ViscanandNitokrasp as test organisms.
Vicente Channels, Santos Bay, outfall discharge zone) With the same purpose of assessing the
Early in 1999, CETESB undertook a Studylmpact of dredging activities in the Santos Channel,
on the contamination of the Baixada Santista coastdCRRES et al. (2009) increased the number of
environment with 26 sampling sites, including riyer S@MPples to cover 14 sites, distributed from thetan
estuaries, beaches and the inner platform. Wateghannel to the dredged material disposal and
sediment and organism were obtained and subjeated{!SPersion areas, and usedviscanaas test organism
microbiological, physical and chemical assa Jor the whole sediment arld variegatusembryos for
(LAMPARELLI et al, 2001). Indeed, chronic interstitial water and elutriate assays.
ecotoxicological assays with sea urchin embryos During two consecutive years, CETESB
carried out by PROSPERI (2002) in 18 marine an(gZOOG and 2007) monltored_the condition of the 8ant
estuarine sediment samples were intended to compgrgannel in the following places: near the

methodologies for assessing sediment/water inerfaCOnceicdozinha slums (Guaruja), near the port of
and interstitial water and find out what methodss waSantos (Macuco district) and between the liquickbul

most suitable for diagnosing toxic effects in suctj€Minal and Bagres island, performing acute and

matrixes. chronic tests with sediment and interface sediment
ABESSA (2002) and ABESSAL al. (2008) wate_r employingLeptoc_heirus plumulosuand sea

evaluated the sediment quality of 25 sampling gites Urchin embryos, respectively. _ _

the Santos bay and estuary using the Triad Sediment CESARet al. (2006) assessed six sediment

Quality approach. That same study also included $gMpPles from the estuary and port of Santos

temporal toxicity assessment of sediments collecteR€rforming acute assays with whole sediment, while
near the Santos submarine outfall discharges. PUSCEDDUet al. (2007), using the same samples,
Other studies carried out by ZARONI evaluated the chronic toxicity of interstitial wagnd

(2006), ARGENTINO-SANTOS (2006), sediment/water interface.

CATHARINO et al (2008) and TORRES al. (2009) SOUSA et al. (2007) evaluated sediment

indicated critical zones due to toxicity and/or theduality in the Santos Channel using acute
presence of xenobiotics. ecotoxicological assays wifh. viscanain six samples

In Bertioga, the quality of marine and of whole sediment obtained from the Piacaguera

estuarine sediments (Bertioga Channel: beache§hannel as far as Ponta da Praia, and seven samples
ltapanhal, Itaguaré and Guaratuba rivers) wa&om the dredged material disposal area by means of
thoroughly evaluated by ZARONI (2006) by the Triadchronic effect test with sea urchin embryos and
Sediment Quality approach. One of the lines oplgtrlate, as well as the presence of contaminamts
evidence was the ecotoxicological assays performdfis area.

on sediment (whole sediment and interstitial water) M_ORElRA (_2009) perf_ormed tests. _With
with T. viscana,Nitokra sp., L. variegatusand P. whole sediment andiburonella viscana interstitial

pema In addition, the same study assessed thwater, sediment/water interface and elutriate With
structure of the benthic community and undertooR/@r€gatusembryos to assess sediment quality in three
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port areas on the Brazilian coast, including thet@&an assays with sea urchin embryos in the water column,
Channel. elutriate and sediment/water interface.

Due to the significant increase in pollutants More recently, POZO et al. (2011)
resulting from the submarine outfall and/or fram performed a single study of 11 samples from the
natura household effluents that occurs during theBertioga Channel, using acute assay Witlviscanato
summer holiday season and as the contaminangévaluate the sediment toxicity of an area under the
accumulate in the sediment in amounts well aboge thnfluence of marinas.
levels found in the water column, ABESSA & SOUSA The ecotoxicological assays discussed above
(2001) used sediment samples and Theviscana have shown that there are differences between aseas
amphipod as test subjects to measure the effect ofgards the number of studies, as well as higher
urban sewage effluent discharged by the submarifeequency of acute and/or chronic effects. These
outfall around the diffusers of the four outfallsthe results are shown in the graphs of Figure 2 (tests
Baixada Santista region: one off Guaruja (Enseadaerformed on water column samples), Figure 3 (tests
Beach), one off Santos (Santos Bay) and two off Praimade on sediment samples), and Figure 4 (thedbtal
Grande (subsystems 1 and 2) (Table 2). ABE®SA tests performed both in the water column and
al. (2005) also monitored the concentration level ofediment, and their multiple fractions).
contaminants and sediment toxicity collected during Water column samples were evaluated for
five campaigns around their diffusers of the sulinear chronic effect andL. variegatusembryo tests, and
outfall off Santos. acute effect tests with th¥. fischeri bacteria. It is

Other studies were performed in the Santoserifiable that the chronic effect tests with.
and S&o Vicente estuaries, using chronic and acu@riegatussea urchin embryos indicate low toxicity
tests for assessing water column and sediment évhdkrequency, associated both with the influence of
sediment, interstitial water and sediment/watediffuse sources and urban sewage outfalls (RACHID,
interface) samples from eight collecting sites inter  1996; MEDEIROSet al, 2009; SOUS/Aet al., 2008),
and summer (GIANESELL/Aet al, 2008; SOUSAet  while the acute effect tests did not indicate tixim
al., 2008). any of the test samples.

In 2008, CETESB evaluated the toxicity The water column samples collected off
levels of three sediment samples from the areathear Guaruja did not show acute toxicity (CETESB 2008),
outfall diffusers off Guaruja (Enseada beach) tigfou while chronic assays found low toxicity in all asea
whole sediment tests withL. plumulosus and except the Tombo, Enseada and Perequé beaches in
sediment/water interface with. variegatusembryos. Guaruja (MEDEIROSet al, 2009). As reported by
In Praia Grande, CETESB (2008) performed acut€ETESB (2008), the water samples around the
assays withV. fischeri in water column samples, submarine sewage outfalls showed levels of chrome,
beside acute tests with plumulosusn the sediment nickel, dissolved copper and iron above the limit
and chronic tests with. variegatusembryos in the proposed by CONAMA 357/2005.
sediment/water interface of five samples obtained Tests with theV. fischeribacteria are widely
around the two submarine outfalls, three in sulesyst used in bench tests and are very effective in asges
1 and two in subsystem 2. the toxicity of industrial, sector-based effluents,

Other studies have been performed in mor@assessing treatment plant efficiency and even singl
restricted areas. PEREIRAet al (2004) used chemical compounds, but their application is
ecotoxicological assays  with embryo-larval controversial in environmental samples, especially
development oL. variegatusaiming to evaluate the from the water column, where the contaminationlleve
quality of surface and bottom sea water around Ilh& lower According to ROSENet al (2005), other
das Palmas, Santos Bay. Water quality around Laje dgpes of test, such as chronic assays of bivalnes a
Santos has only been studied by ABES®Aal. echinoderms (embryo-larval development) employed
(2004) using this same test in three samples filwan t in assessing water column samples from the San

water column. Diego Bay in California have been considered more
In 2008, CETESB extended the monitoringefficient.
network along the Bertioga Channel and evaluated the There is a consensus that sediments

acute effect of four water samples fof fischeri concentrate toxic and persistent chemical compounds
bacteria, five sediment samples for theplumulosus in much higher levels than the water column. Thia i
amphipod and the chronic effect for thefact that must be taken into account in the stufly o
sediment/water interface with variegatusembryos. coastline ecosystems affected by multiple sourdes o

In Guaruja, MEDEIROSet al. (2009), contamination (CHAPMAN, 1990 and GEFFAR®
aiming to evaluate environment quality at the Tomboal, 2003). Contaminants, whether organic or not,
Enseada, Perequé and Iporanga beaches, collectdtect, to a greater or lesser degree, the envieoah
both water and sediment samples to perform chronguality of aquatic ecosystems as a result of thegin
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and the location of the polluting source(s), thenfl frequently, theNitokra sp. Copepod has also been
and level of pollutants, input form and hydrodynemi used in whole sediment and interstitial water ckron
chemical and ecotoxicological characteristics an@ssaysL. variegatusembryos have been widely used
behavior and persistence in the water, in sedimentsr assessing the acute and chronic effects of rwate
and in the food chain (LAMPARELLEt al, 2001). column, interstitial water, elutriate and sedimenater
That is why a significant number of studies haverbe interface.
carried out on the sediment and its fractions hasva In this review, a greater frequency of acute
in Figure 3. toxicity was found in whole sediment samples from
In spite of differences among the studiesthe Santos Channel (52%), followed by S&o Vicente
such as those relating to areas and goals, tteeltage  Channel, Santos Bay and Praia Grande, with 47% in
been performed with both liquid samples and sedimemach area, while sediment from the beaches of
basically employing the same species. Bertioga showed a lower frequency of acute effect
In the acute assays applied to wholg15%). Among the organisms used in the whole
sediment sampleg.. viscanahas been the most used,sediment testsT. viscanawas more sensitive thdn
and L. plumulosusthe mostrecent. Although less Plumulosuswith 56.9% of the total toxicity.
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Fig. 2. Numbers of acute and chronic ecotoxicolagassays performed in each area, as well as ponmdimg frequency (%)
of toxicity on samples from water column.
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Fig. 3. Numbers of acute and chronic ecotoxicolagassays performed in each area, as well as pomdmg frequency (%)
of toxicity on samples from sediment and its fras.

Comparing the results obtained from theconcluded that interstitial water samples from the
acute and the chronic effect tests, it was fourad tthe ~ estuaries of Santos may contain large amounts f no
frequency of chronic toxicity was higher than theionized ammonia, which, isolated, may lead to the
acute. That is probably a result of the greateoverestimation of the toxicity of the samples.
sensitivity of the embryo-larval development staje The high frequency of acute toxicity in the Santos
the sea urchin in relation to the survival of adultChannel is also found in Santos Bay around the
amphipods, and the interference caused by ammorsabmarine sewage outfall and in the dredged méteria
in the interstitial water. High levels of ammonia,disposal area; chronic effect tests similarly iatkcl
frequently found in the interstitial water, may the greater toxicity in those places. However, lower
cause of effects in the embryo-larval developmént doxicity frequencies for both acute and chronicagss
L. variegatus which is a contributing factor to the were found around the beaches of Bertioga and
increase in the levels of toxicity found in the gd@s  Guaruja (Fig. 3).
and has an impact on the results. The highest levels of metals in the Baixada

PROSPERI (2002) found a significant Santista region were found on the inner side of the
impact in the embryo-larval development &f Santos Channel. According to HORTELLANL al.
variegatus in concentration levels ranging from (2008), elements such as Hg, Zn, and Pb were found
0.08 to 0.15 mg/L of unionized ammonia andthis area, in concentration levels above the PEL -
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Probable Effect Level (ENVIRONMENT CANADA, compounds such as anthracene, fluoranthene, pyrene,
2002). Large amounts of metals such as cadmium amdsene, fluorene, acenaphthylene, acenaphthene and
chrome were also found by ABESSA al (2008) in  phenanthrene were found at concentrated levelseabov
the Santos Channel as far as the Piacaguera ChanftL on the inner side of the Santos Channel, near th
with levels above the TEL - Threshold Effect LevelBarnabé and Bagres islands, and in the Piagaguera
(ENVIRONMENT CANADA, 2002), while Zn, Ni, Channel.
Pb and Hg were found at levels above the PEL. Such The S&o Vicente and the Bertioga Channels
limits are proposed by Canadian law for thehave shown acute and chronic toxicity in intermetia
conservation and protection of aquatic life, andeha frequency when compared to the other areas of the
been the basis for the management of dredged mlaterBaixada Santista. According to ABES®Aal. (2008),
in Brazil (CONAMA 454 - 2012). a few metals such as: cadmium, chrome and mercury,
Organic contaminants such as aromatiavere detected at high concentration levels in the S
cyclic hydrocarbons were also found in criticaldesvy  Vicente Channel, as well as organic compounds such
in the sediment from the Santos Channel. According tas anthracene, fluoranthene and chrysene above TEL.
NISHIGIMA et al (2001) and ABESSAt al (2008),
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Fig. 4. Total number of acute and chronic ecotdrgical assays performed in each area, as welhascorresponding
frequencies (%) of toxicity on samples from watelumn and sediment and its fractions.
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No contaminants such as metals andue to the high levels of contamination, dredgiag h
aromatic cyclic hydrocarbons were detected in th@ S not been allowed in some stretches of the Santos
Vicente Channel in levels as high as those in th€hannel - port. This activity has been permittedtesin
Santos Channel. However, according ta2006, provided that both the dredged material &ed t
LAMPARELLI et al (2001) drain waters disposal area were monitored.
contaminated by household sewage are constantly Levels of the metals Ni, Cr, Cd were found
discharged into this area. This situation is condid by ABESSA (2002) in concentrations above TEL;
by the presence of geochemical markers, suchearlin TORRESet al (2007) also found As and Hg above
alkylbenzene sulfonates, measured by MEDEIROS &he level | proposed by CONAMA 344/2004 in the
BICEGO (2004) and by the concentration level€of dredged material disposal and dispersion areatddca
coli between 1,000 and 10,000 nmp/100 mL, whicloff the Guaruja coast, near Ponta do Monduba drad |l
were the highest values found in the entire areh®f da Moela.
estuary studied by SAMPAI@t al, 2008. Although the sampling number was very

Although the frequency of toxicity in the different across each of the individual areas, #sw
Bertioga Channel was similar to that of the Sagossible to determine that all of them had a certai
Vicente Channel, metals and organic compounds werdegree of toxicity, as was also observed at Laje de
found by ZARONI (2006) in lower concentration Santos, which has Marine State Reservation status.
levels than those obtained in the S&o Vicente CHanneHowever, the most critical condition is that of the

In the Bertioga Channel, only cadmium wasSantos Channel region.
found in concentration levels above TEL, as well as In addition to the acute and chronic toxicity
LABs (linear alkylbenzene sulfonates), whichassays reported above, recent studies have employed
indicates the presence of household sewage amibmarker responses for assessing and monitoriag th
aromatic cyclic hydrocarbons in concentration Isvelecological status of Santos bay and the adjacent
similar to those found by MEDEIROS & BICEGO estuarine zones. ABESSAt al (2005) assessed
(2004) in the Santos and S&o Vicente Bay anghysiological and cellular responses of native and
Channel. LAMPARELLIet al (2001) found levels of caged mussels from Santos bay. The authors observed
mercury between TEL and PEL in the sediment of théhat organisms transplanted from Ubatuba to Santos

Bertioga Channel, next to the Santos Channel. showed reduced stability of lysosomal membranes,
At Praia Grande, Guaruja and on the beachesdicating physiological stress.
of Bertioga, the frequency of acute toxicity in the KIRSCHBAUM et al (2009) evaluated

sediment was the lowest, although the number afytogenotoxic responses in erythrocytes from
samples tested in Praia Grande was much smaller th&entropomus parallelugiveniles collected in the S&o
that of those tested in Guaruja and BertiogaVicente estuarine zone and observed micronucledis an
According to CETESB (2008), sedimentnuclear abnormity frequencies 10 times greater than
contamination in Praia Grande and Guaruja reflectspecimens collected in Cananéia estuary, evidencing
the discharges of submarine outfalls due to the 86 that the levels of pollution in the former estuavgre
organic matter, contaminants and nutrients. Thaigh enough to induce genetic damage.
sediment in Praia Grande, however, does not shgw an PEREIRAet al (2011, 2012) performed the
accumulation of contaminants, while the study foundirst biomonitoring along the S&o Paulo coast using
dissolved copper and iron, total chrome and nigkel biomarker responses of transplanted musama
Guaruja, which indicates deposit in the sedimentgperna Chemical analysis in whole tissues [polycyclic
though not related to the outfall. aromatic hydrocarbon (PAHSs), linear alkyl benzenes

In Bertioga, although there is no submaringLABs), Cd, Cr, Pb, and Hg] were also performed with
outfall, some sites monitored by CETESB indicate @ view to assessing spatial and seasonal pattérns o
deposit of organic matter, fecal matter, andioaccumulation and the link between biomarkers and
contaminants such as mercury, arsenic and othexpntaminant body burden. In summary, these studies
which evidences the need for the application ofhowed that biomarker responses and bioconcemtratio
measures to control the polluting sources in tleaar of contaminants exhibited more significant altenas
in view of the fact that many nautical activitiescar  in mussels transplanted to Itaipi (Santos Bay).
in that region.

These results suggest that the sediment is the
great reservoir of the pollutants that may be made CONCLUSION
available by means of physical effects, such as
bioturbation, diffusion or dredging (BELZUNCEt Ecotoxicological assays with samples from
al., 2001 and CHAPMANet al, 1987), in the case of {hq Baixada Santista coastal zone have been carried
the Santos Channel and dredged material disposal a8t since the 1990s. In this study, it has been et
(SOUSA, 2007 and ARGENTINO-SANTOS 2006). {hese studies have not been undertaken systerhatical
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or continuously, but just occasionally. It should b R. F; DEPLEDGE, M.; KING, R. S. Physiological and
remembered that companies that operate in the Ccellular responses in two populations of the mussel
Baixada Santista region have undertaken monitoring Perna pernecollected at different sites from the Coast of

) . - . . - Sdo Paulo, Brazil. Braz. Arch. Biol. Technol.,
studies, including ecotoxicological assays, in 48(2):217-225. 2005.

compliance with state and federal legislation —alhi ABESSA, D. M. S.: SOUSA, E. C. P. M.: PEREIRA, C. D
has not been considered here. S.; BAINY, A. C. D. Toxicidade de sedimentos mardsh
Data from 852 ecotoxicological assays e estuarinos de algumas localidades dos litoraiSRie
performed in the Baixada Santista region, from the RS e SC.IN: V Congresso Brasileiro de Pesquisas
436 samples obtained, support the conclusion gt t ~ Ambientais e Satde V CBPAS. 2005.
area presents varying degrees of toxicity acrogdBESSA, D. M. S.; CARR, R. S.; SOUSA, E. C. P. M.;
individual areas. Sediment from Santos Bay (near RACHID, B. R. F.. ZARONI, L. P.; GASPARRO, M.
submarine sewage outfalls), Santos Channel, S&o R.; PINTO, Y. A.; BICEGO, M. C.; HORTELLANI, M.

- - A.; SARKIS, J. E. S.; MUNIZ, P. Integrative
Vicente Channel and Bertioga Channel are areas to ecotoxicological ~ assessment  of contaminated

have a greater potential negative impact on théabio  ¢ediments in a complex tropical estuarine systén.
than do the other areas, while the Bertioga Beaches mMar. Pollut.. New Research. Tobias N. Hofer (Ed.).
and Guarujé areas have the lowest frequency of toxi  Chapter 4. Nova Science Publishers Inc. ISBN: 978-1
effects. 60456-242-2. 2008.

Considering the Baixada Santista as a macr@MERICAN  SOCIETY ~ FOR  TESTING ~ AND
ecosystem that encompasses coastal environments MATERIALS - ASTM. Standard guide for conducting
such as estuaries and their mangrove forests, gach ~ SIAliC acute toxicity tests starting with embrydsiaur
: ] . species of saltwater bivalve mollusks: Annual Book
islands and conservation areas, one of the major .t AqTm. Standards Philadelphia. E 724-89. Section 11,
industrial complexes and the largest port in Latin 0 11.04. 1992
America and the most densely populated area of thesSOCIAGAO BRASILEIRA DE NORMAS TECNICAS.
coastal zone of S&o Paulo state, measures must be ABNT NBR 15350. Ecotoxicologia aquatica -
taken continuously to monitor both the release of toxicidade crénica de curta duragdo — método daiens
pollutants that result from industrial, urban arattp com ourico do mar (Echinodermata: Echinoidea). d&o

growth, and the associated physical and ecological Janeiro, 17p. 2006 .
changes. ASSOCIACAO BRASILEIRA DE NORMAS TECNICAS.

Such monitoring would involve different ABNT NBR  15411. Ecotoxicologia aguatica —

. : ) . determinacdo do efeito inibitério de amostras deaag
lines of evidence such as ecotoxicological assays gopre a emissdo de luz débrio fischeri (ensaio de
coupled with physical, chemical and ecological pactéria luminescente). Rio de Janeiro. 2007.

analysis. Integrated monitoring of the evolution ofASSOCIACAO BRASILEIRA DE NORMAS TECNICAS.
impacts on these ecosystems would be intended to ABNT NBR 15638. Qualidade de é&gua -
generate knowledge, priority being given to more determinacdo da toxicidade aguda de sedimentos
sensitive areas and to offering responses such as marinhos ou estuarinos com anfipodos. Rio de Janeir

- - 19p. 2008.
would ensure the improvement of the ecologicalistat BELZUNCE, M. J. SOLAUN, O. FRANCO, J.

of this coastal zone. VALENCIA, V.; BORJA, A. Accumulation of organic
matter, heavy metals and organic compounds in cirfa
sediments along the Nervion Estuary (North Spain).
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