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ABSTRACT

Hematological alterations in fish are consideredsaful tool to evaluate pathological processes
resulting from the exposure to environmental palits. The whitemouth croakéfticropogonias
furnieri is a common species in estuarine areas and pitgrxposed to many contaminants. In the
present study, the hematological characteristicfisbf collected at two sites in Baixada Santista
(Santos Estuarine System - SES, a polluted sitbtfe Estuary of ltanhaém River - EIR, unpolluted
site) del was analysed. The following blood degoripwere analyzed: number of Erythrocytes (Er),
Hematocrit (Ht), Hemoglobin (Hb), Mean Corpusculolume (MCV) and Mean Corpuscular
Hemoglobin concentration (MCHC). Fish from SES béxed significant lower levels of Ht and
increase on MCHC and Hb. Such differences areylikelated to the different contamination levels
found in these estuaries.

Resumo

Alteracdes hematolégicas em peixes sdo considerages importante ferramenta para avaliar
processos patolégicos decorrentes da exposicdolugnpes ambientaisMicropogonias furnieri
(Desmarest, 1823) (corvina) € comumente enconteadaegifes estuarinas e eventualmente esta
exposta a inimeros contaminantes. No presente cestidavaliado o quadro hematolégico de
individuos deM. furnieri coletados na Baixada Santista: o Sistema Estudgrf®antos, considerado
poluido, e o estuario do Rio ltanhaém (control®raf avaliados o nimero de Eritrécitos (Er), o
Hematécrito (Ht), a taxa de Hemoglobina (Hb), o e Corpuscular Médio (VCM) e a
Concentracdo de Hemoglobina Corpuscular Média (CHQNbs peixes coletados no Sistema
Estuarino de Santos, os niveis de Ht foram sigatifiamente menores, enquanto os niveis de CHCM
e Hb foram significativamente mais altos, indicagde os provaveis efeitos estejam atribuidos aos
diferentes niveis de contaminagdo encontradossioéres.

DescriptorsM. furnieri, Hematology, Pollution, Estuaries, ltanhaém, Santos
DescritoresM. furnieri, Hematologia, Polui¢do, Estuéarios, ltanhaém, Santo
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INTRODUCTION Mexico to the Gulf of San Matias, in Argentina
(CARNEIRO et al, 2005). In Sao PauldJ. furnieri is
The contaminants released into aquati commonly found along the coast, in shallow waters

ecosystems may become available to the biota a@nd Wwithin the estuaries (CARNEIRO et,&2005),

produce metabolic changes in the exposed organisr CONstituting an important natural resource, noy dot
such as neurotoxicity, infertility, immunological traditional fishermen but also for industrial fisies.

disorders, endocrine disruption, development arHOWever, since many coastal areas of the state are
reproduction inhibition, genetic disorders,'“creas'“gw becoming contaminated (LAMPARELLI

susceptibility to diseases, among other effectsdan et al, 2001), this species may be subject to the harmful

lead to death (STEGEMAN et.aL992). effects of pollution. . .

Such effects may be transferred to the highe In this context, this study aimed to
levels of biological organization, producing effean characterize the erythro_cytlc var~|ables Nf furnieri
the population, community and even ecosystem |ev(collect_ed at two estuaries of S8o Paulo, the Santos
and threatening the food chain of the oceans. Estuarine System (SES - a polluted area) and the
additon, many pollutants are persistent in th‘Es’[uary of Itanhaém River (EIR - unpolluted area —

environment, bioaccumulating in aquatic organismontrol) (ABESSA et al.,, 2006; SERIANI, et al,
and becoming potentially transferable through troelf 2006; 2008).
chain, which ultimately may represent a risk to ham
health by the ingestion of contaminated organisms. MATERIALS AND METHODS
The International Council for Exploration of

the Sea (ICES) recommends that marin The estuary of Iltanhaém River is located by

environmental monitorin rograms should em IO‘Itanhaém city, in the south of Baixada Santista
9 prog p ‘Metropolitan Region, central coast of Sdo Paulo

biomarkers as a complementary technique to addre . o - - 04 o ot ;
the toxicity of contaminants to organisms (BURGEOT.(23 50'-24°15'S, 46°35'00°W). The surrounding area

et al, 1996), especially as early warning tools whict'S characterized by an important commercial fishing
allow the detection of effects before the occurecat activity. According to CETESB (2008) water quality

irreversible damage (DE CAPRIO, 1997). in this region has.good quality thrpughout the year
- . Moreover, its basin presents a high percentage of

There are many different biomarkers . . :

“natural vegetation, specially mangroves and Attanti

available for use in environmental studies, such ‘Eorest being partially protected by federal leish
biochemical (PEREIRA et al 2007), physiological and also as a formal State Protected Area and State

(DEPLEDGE; ANDERSEN, 1990), cito-genotoxical Park. Previous studies report that waters and

nggﬁgggugANT%S a21602)2021?1)qbn hig:ﬁggica}l{h‘sediments from the Estuary of Iltanhaém River exhibit
’ ! ! 9 ’ good quality (ABESSA et al., 2006; CAMARGO;

Provides mformation on the. physioogieal condidon BIUDES.  2006; BIUDES;  CAMARGO, - 2006;
SERIANI et al., 2006; 2008).

of animals exposed to contaminants, and may be us On the other hand. the Santos Estuarine
to evaluate the responses of fish exposed to polisit 0205 10 OME! A ROAMNAN ¢ .
(OLIVEIRA-RIBEIRO et al., 2000: ADHIKARI eql,,  OYStem (23°30-24°S, 46°05-46°30'W) is charaériz
2004; SHAH, 2006; FRANCA et a12007). However, 25 & highly polluted —area, ~where multiple

! ! ’ ’ ' contamination sources are present, such as the

the Iltlerature on thg hematology of marine anlindustrial complex of Cubatdo, the Port of Sanths, t
estuarine species is still scarce.

According to Ranzani-Paiva and SiIva-SouzzdISCharge of untreated sewage by non-point sources

(2004), only about fourteen Brazilian marine teleoslf"md outfalls, the input of urban drainage waters,

- e irregular industrial landfills, domestic landfillamong
have known hematological characteristics; thusethe - .
. . . ; others. In this context, the local ecosystems dathb
is an urgent necessity of studies to describe thmal are under risk. in particular those related to the
standards for the blood of healthy fish, as weltas ' P

. unconsolidated substratum, since the sediments are
understand how the blood responds to environmeni, - h
contamination toxic and contaminated by metals, poly-aromatic

: . _ hydrocarbons (PAHSs), poly-chlorinated biphenyls
Micropogonias furnieri, Desmarest, 1823
(Scianidae) isp gn economically and ecologicall‘(PCBS)’ detergents and other substances (CESAR et
important species, which feeds on the bottom argloozlooanggﬁqSoAsetB?gggg L?OI\SZAE(E)LRI:I[SIEL%NI
represents a source of food for the local fishernitsn ot al ’2005_ ABES'SA ot I2608) H’OWGVGI’ despite
diet is diverse and composed mainly by small fist a h, h ! h h ad h ' h » GEsp f
benthic organisms. Thus this species appears 1o besuc aut_ ors have showed that the contamlnatlc_)n 0
close contact wit.h sediments. beina  affected bSES sediments can affect the water column organisms
changes in the sediment qu'ality ﬁs geographithe actual effects still are unknown and need to be

distribution is broad, extending from the Gulf ofevaluated
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Young individuals of M. furnieri were DiscusssioN
collected at EIR (n = 13) and SES (n = 11) an

immediately transferred to tanks containing wate The analysis of the erythrocytic variables is
from the collection site. After their transportatito focused in the evaluation of the anemia induction

thg laboratory, fish were anesthetized with benmeca processes, which are frequently associated to a bad
(3%), measured and weighed, and blood samples We, ition status or to contaminants exposure. Fish

taken from the caudal vein with a heparinized 9#in  oyn65ed to metals, pesticides and effluents exhibit
Such blood samples were used for the red blood chematological changes, not only after laboratory
(RBC) determinations by: dilution with Natt and gynaqure, but also when the exposure occurs in the
Herrick (1952) solution and counting in a Neubau€gggq (RANZANI-PAIVA et al., 1997;: OLIVEIRA-
chamber; hematocrit (Ht) by the microhematocri g|BEIRO et al. 2006; ADHIKARI, 2004; SHAH,
technique (Goldenfarb et.a(1971);_hemoglobin Ieve_l 2006; FRANCA et a| 2007). Other authors reported
(Hb) by the cyanomethemoglobin method (Collierha sych responses may vary according to the gende
1944); and mean corpuscular volume (MCV) aniag opserved forSalminus maxilosugRANZANI-
mean gorpusculgr hemoglobin concentration (MCHC pajya et al, 2003). However, in the present study,
according to Wintrobe (1934). After the blood wastor poth estuaries, sexually immature males and

sampled the animals were sacrificed by deep seUatifomales exhibited similar blood characteristics. A
and the gonads were removed for sex determinaticsjmijar result was observed in sexually immature

Results were submitted to t-student test and coreide Mugil platanusfrom Cananéia Estuary by Ranzani-

significant when p <0.05 (ZAR, 1996). Paiva (1995).
Some blood parameters, however, showed
ResuLTs differences between the polluted and the unpolluted

sites. Individuals from SES exhibited higher medn H
and MCHC and lower Ht, when compared to the EIR
fish. Rao et al. (1990) observed that in the poBay

. _of Bengal, India, where the concentrations of heavy
Ygﬁgtwocf)flf?gi 1il gigmgénvghv(\a/é?gﬁt 2;%'835 Eidﬁ;?e‘metals and hydrocarbons were high, fish showed deep
SES, 8 ferﬁal_es énd 3 males were obta_inéd wi changes in_ the erythrocytic variables,_ presenting
respéctive mean lengths of 25.9 + 16 cm and 2’1 g anemia, which was related to the synergism of many
19.1 cm, and mean weights of 305 +125¢ and?lbc pollutants to which the animals were exposed. Frang
+ 3;1 1 g’ There were no statisticai di?fere.ncewben et al (2007) found that pollutants such as HgSe
A induced significant changes in the erythrocyte set,

the erythrocytlc_ variables of m‘?"es and femalessuggesting that such effects depend on the oxidatio
However, when fish from the two sites were compare -
levels of the chemical elements.

(Table 1), significant differences were observedHb In the case of EIR. an environment with low
(p <0.01), Hb (p <0.002) and MCHC (p <0.0001). degradation, if any, the lower MCHC values and the

higher number of erythrocytes may be related to the
Table 1. Erythrocytic variables df. furnieri collected at EIR maintenance of a higher erythropoiesis rate, which
and SES (*= p<0.01; ** = p<0.0002 and ***= p<0.00kt, ~could be observed through the RBC and Ht values
Hb and MCHC were different in fish from SES. (Table 1). In fact, under estuarine conditionsylrich
salinities and temperatures are very variable ded t

Among the thirteen specimens caught ir
EIR, 8 were females and 5 were males. The femal
exhibited mean length of 15.5 + 7.8 cm and mea

dissolved oxygen in waters and sediments is gdgeral

Erythrocytic Estuary of Santos low, the continuous and enhanced production of red
variables ltanhaém River Estuarine blood cells may be expected. However, in the cdise o
(n=13) System (n=11)  gEg and EIR, the circulation conditions are intense
and maintain the dissolved oxygen (D.O) levels &los
Ht (%) 32.6+3.8 29.1 + 2.3* to saturation (ABESSA et al., 2006; 2008; HARARI et
al., 2008). Moreover, as both are shallow estuaries
Er (10%puL) 339.0+124.4 285.2 +64.3 they do experience similar temperature variations,
from approximately 20°C or less in the winter to enor
Hb (g/dL) 74+03 8.1 +0.2* than 26°C in the summer (ABESSA et al., 2008;
HARARI et al., 2008; CAMARGO; BIUDES, 2006;
MCV (u3) 113.0 +51.7 110.73 £47.6 BIUDES; CAMARGO, 2006; SERIANI et al., 2008,
2008). Regarding the salinities, a similar situation
MCHC (%) 229+25 27.6+2.03**  occurs, since SES and EIR show salinity values

ranging from 2 + 2 %o during summer low tides to 35
+ 2 %o at winter high tides (ABESSA et al., 2008;
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HARARI et al., 2008; SERIANI et al., 2006, 2008).understanding of the role of each factor on tha fis
Thus, once the basic physical-chemical conditiohs (responses.
both estuaries range in a relatively comparableenod
it may be assumed that such variables have a simila
influence on fish from both sites. Thus, these ratu
environmental variables were probably not the cause To Silvia Vicente for the manuscript review
of differences observed in the blood parameters. and suggestions to this investigation, to the
The results observed for the SES organisma@nonymous reviewers, whose suggestions improved
indicated strong evidences of erythropoiesis irtitibj ~ the article, to Dr Marion Nipper (Texas A&M
characterized by the high concentration of Hb ifJniversity), who kindly reviewed the final versiaf
erythrocytes and high MCHC, and a lower number ofhe manuscript, and to the local fishermen, speadlfi
ery‘[hrocytes_ Older blood tends to present |ele'. Ricardo, Mr. Yu and Mr. José Aparecido de Jesus,
ery‘[htocytes but h|gher concentrations of Hb anthO helped us to colledd. furnieri at EIR and SES.
MCHC, which is possibly a strategy to optimize the
oxygen absorption, when the erythropoiesis i
inhibited and the environmental conditions are nc
favorable, whether it is due to natural factorscfsas
natural hypoxia or estuarine eutrophication) othte ABESSA, D. M. S. ; PINNA, F. V. ; ROMANO, P. ;
presence of contaminants. SERIANI, R. ; SILVEIRA, F. L.; MAGINI, C. Water
According to Tetens and Christensen (1987), quality at the Estuary of the [tanhaém River, SRyzR
hormones, such as catecholamines, are releasetyduri ;. ENVIRONMENTAL AND HEALTH WORLD
stress periods, including those caused by pollstant ggnTSngg-S’COZSEg ZCS)C?gtOS, 4252?“66‘1'”95
exposure. Such hormones_lnduce changes in the_ blORgESSA, D M. S. CAIiR, R. S SOUSA, E. C. P. M.:
cells balqnce, and can stimulate thg increase en th RACHID, B. R. F.. ZARONI. L. P.: PINTO, Y. A
MCV or in MCHC. Such changes in MCHC were  GASPARRO, M. R.: BICEGO, M. C.: HORTELLANI,
probably triggered by stress in the aerobic metatyol M. A.; SARKIS, J. E.; MACIEL, P. M. Integrative
In this sense, the organisms did not react producin  ecotoxicological assessment of a complex tropical
erythroblasts/erythrocytes because erythropoiesis w  Estuarine System. In: HOFFER, T. N. (Orgjjarine
inhibited, as indicated by the significant chanigeisit. ESEEQ;’E;S Nzegg)sRi)selag%hNeW York: Nova Science
Moreover, the influence of catecholamines . LR )
on the MCHC increase may be also related to theﬁDHIKARI’ Si  SARKAR, B, CHATTERJEE, A,
action on the cells metabolism: these hormonesecaus

ACKNOWLEDGEMENTS

REFERENCES

MAHAPATRA, C. T.; AYYAPPAN, S. Effects of

¢ : > cypermethrin and carbofuran on certain hematoldgica
increase in the permeability of erythrocyte membsan
and in the hemoglobin affinity to oxygen (TETENS;
CHRISTENSEN, 1987). The
produced during stress lead to increases in célhve
due to retention of sodium and chloride in the sgtp
increasing the osmolarity and consequently themelu
of the erythrocytes (NIKINMAA; HUESTIS, 1984,
NIKINMAA, 1982; RAILO et al.,1985).

An alternative hypothesis, in which the

erythrocytes have suffered haemolysis (SHAH, 2006, M.,

ADHIKARI et al., 2004, FRANCA et aJ 2007), can
be discarded, since the SES fish exhibited higkltev

of MCHC and Hb. Only the reduction of Er does not

necessarily indicate hemolysis because, in thie,casCAMARGO' A. F. M. BIUDES, J. F. V.

there is also a reduction of Hb by leaching, redgci
its erythrocyte concentration (MCHC).

The differences observed in some blood

catecholamines
BIUDES, J. F. V.; CAMARGO, A. F. M. Changes in

parameters and prediction of their recovery in a
freshwater teleost.abeo rohita(Hamilton). Ecotoxicol.
Environ. Saf., v. 58, p. 20-226, 2004.

biomass, chemical composition and nutritive valde o
Spartina alterniflora due to organic pollution in the
Iltanhaém River Basin (SP, BraziBraz. J. Biol., v. 66,

n. 3, p. 781-789, 2006.

BURGEOT, T.; BOCQUENE, G.; PORTE, C.; DIMMET,

J.; SANTELLA, R. M.; GARCIA DE LA PARRA, L.
PFTOL-LESZKOWICZ, A., RAOUX, C;
GALGANI, F. Bioindicators of pollutant exposure tine
nothwestern Mediterranean Sééar. Ecol. Prog. Ser,
v. 131, p. 125-141, 1996.

Influence of
limnological characteristics of water in the ocemee of
Salvinia molestaand Pistia stratiotesin rivers from the
Itanhaém River basin (SP, Brazifjcta limnol. Bras., v.
18, n. 3, p. 239-246, 2006.

characteristics of. furnieri from EIR and SES were CARNEIRO, M. H.; CASTRO, P. M. G. DE; TUTUI, S. L.

possibly associated to responses to environmental
contaminants. Thus, there are evidences that the

aquatic biota is under stress in SES, due to potiut

however our results cannot perfectly separate the

effects induced by the natural and by anthropitofac

showing the need for more studies dedicated to the

DOS S.; BASTOS, G. C. CMicropogonias furnieri
(Desmarest, 1823) (Estoque Sudeste) IN: ROSSI-
WONGTSCHOWSKI, C. L. D. B. (Org.)Analise das
principais pescarias comerciais do sudeste-sul do
Brasil: Dinamica populacional das espécies em
explotacéo. Sao Paulo: Programa
REVIZEE/MMA/SECIRM/FEMAR., 2005. p. 94-100.



SERIANI ET AL.: HENTOLOGICAL ANALYSIS OF Micropogonias furnieri 91

CESAR, A.; CHOUERI, R. B.;; RIBA, I; MORALES-
CASELLES, C.; PEREIRA, C.D.S.; SANTOS, A. R,;
ABESSA, D. M. S.; DELVALLS, T. A. Comparative
sediment quality assessment in different

littoral

NIKINMAA, M. Effects of adrenalinje on the red teblume

and concentration gradient of prétons across tbeced
membrane in the raibow trouSalmo gairdneri Mol.
Physiol, v. 2, p. 287-297, 1982.

ecosystems from Spain (Gulf of Cadiz) and BrazilNIKINMAA, M.; HUESTIS, W. H. Adrenergic swellig

(Santos and S&o Vicente Estuarine
Environment int., v. 33, p. 429-435, 2007.

COLLIER, H. B. The standardization of blood haetobin
determinationsCan. med. Assoc. Jv. 50, p. 550-552,
1944.

System).

of nucleated erythrocytes: celular mechaniana i
bird, domestic goose, and two teleosts, strigebs
and raibow troutJ. expl Biol, v. 113, p. 215-224,
1984.

OLIVEIRA-RIBEIRO, C. A,; NETO, F. F.; MELA, M,

CETESB - Companhia de Tecnologia de Saneamento SILVA, P. H.; RANDI, M. A. F,; RABITTO, IS

Ambiental.  Relatério de qualidade das aguas
litordneas do Estado de S&o Paul®ao Paulo, 2007.
DE CAPRIO, A. P. Biomarkers: coming age for

Environmental health and risk assessment. Critical

review. Environ. Sci. Technol, v. 31, p. 1837-1848,
1997.

DEPLEDGE, M.; ANDERSEN, A. A computer-aided
physiological monitoring system for continuous, den
term recording of cardiac activity in selected
invertebratesComp. Biochem. Physial v. 96, p. 473—
477, 1990.

FRANCA, J. K. G; RANZANI-PAIVA, M. J. T,
LOMBARDI, J. V.; CARVALHO, S.; SERIANI, R.

2007. Toxicidade cronica do cloreto de mercurio
associado ao selenio por meio do estudo hematologic

em tilapiaOreochromis niloticusBioikos, v. 21, n. 1, p.
11-19., 2007.

PACHECO, M.; SANTOS, M. A.

ALVES COSTA, J. R. M,; PELLETIER, E. 2000.
Hematological findings in neotropical fisitHoplias
malabaricusexposed to subchronic and dietary doses of
methylmercury, inorganic lead, and tributyltin afidie.
Environ.Res, v. 101, p. 74-80, 2000.

Biotransformation,
genotoxic, and histopathological effects  of
environmental contaminants in European eehguilla
2002.anguilla L.). Ecotoxicol. Environ. Saf., 53(3):331-
347.

Pereira, C.D.S; Abessa. D.M.S.; Bainy, A.C.D.; Zard.P.;

GASPARRO, M. R.; BICEGO, M. C.; TANIGUCHI, S.;
FURLEY, T. H.,; SOUSA, E. C. P. M. Integrated
Assessment of Multilevel Biomarker Responses and
Chemical Analysis in Mussels From S&o Sebastido, Sa
Paulo, Brazil.Environ. Toxicol. Chem, v. 26, n. 3, p.
462-469, 2007.

GOLDENFARB, P. B.; BOWYER, F. P.; HALL, E. E.;; RANZANI-PAIVA, M. J. T. Caracteristicas hematologi

BROUSIUS, E. Reproducibility in the hematology
laboratory: the microhematocrit determinatigkm. J.
clinic Path., v. 56, n. 1, p. 59-9, 1971.

HARARI, J.;

Neves, R.; Baretta, J.; Mateus, M. (Ed. ). Pelspex

on integrated coastal

America. Lisboa: IST Press, 2008. p. 147-160.
HORTELLANI, M. A.; SARKIS, J. E. S.; BONETTI, J.

BONETTI, C. Evaluation of mercury contamination in RANZANI-PAIVA, M. J. T,

sediments from Santos - Sdo Vicente Estuarine ®yste
Sé&o Paulo State, Brazil. Braz. Chem. Soc, v. 16, n.
6A, p. 1140-1149, 2005.

KIRSCHBAUM, A. A.; SERIANI, R; PEREIRA, C. D. S;

zone management in South Steindachner,

da tainhaMugil PlatanusGinther, 1880 (Osteichthyes,
Mugilidae) da Regido Estuarino-Lagunar de Cananéia-
SP.Bolm Inst. Pesca S Paulo, v. 22, n. 1, p. 1-22, 1995.

FRANCA, C. A. S.; CAMARGO, R. RANZANI PAIVA, M. J. T.; RODRIGUES, E. L.; EIRAS,
Climatology and hidrography of Santos Estuary. In:

A. C. ; VEIGA, M. L.; PACHECO, F. J.
hematolégicas em curimbataProchilodus scrofa,
1881, expostos ao Dipterex 500
(Trichlorfon). Bolm Inst. Pesca S Paulo, v. 24 (esp.), p.
187-196, 1997.

Alteracdes

SILVA-SOUZA, A.
Hematologia de peixes Brasileiros In: RANZANI-PAIVA

M. J. T., TAKEMOTO, R. M.; LIZAMA, M. A. P.
Sanidade de organismos aquaticos. Sdo Paulo: Varela
2004. p. 89-120.

ASSUNGAO, A.; ABESSA D. M. S.; ROTUNDO, M. RANZANI-PAIVA, M. J. T.; RODRIGUES, E. L.; VEIGA,

M.; RANZANI-PAIVA, M. J. T. Cytogenotoxicity
biomarkers in fat snoolCentropomus parallelugrom
Cananéia and Sao Vicente estuaries, SP, Bfeeiletics
mol. Biol., v. 32, n. 1, p. 151-154, 2009.

LAMPARELLI, M. L; COSTA, M. P., PROSPER],
V.A;BEVILACQUIA, J. E.; ARAUJO, R. P. A;
EYSINK, G. G. L; POMPEIA, S. 2001. Sistema
Estuarino de Santos e S&o Vicente, S&o PauloS&o
Paulo: CETESB, 2001. 178 p. Relatério Técnico.

LEMLY, A. D. Metabolic stress during winter incess the
toxicity of selenium to fishAquat. Toxicol., v. 27, p.
133-158, 1993.

MEDEIROS, P. M.; BICEGO, M. C. 2004. Investigatioh
natural and anthropogenic hydrocarbon inputs

Brazil. Mar. Pollut. Bull., v. 49, p. 761-769, 2004.
NATT, M. P.; HERRICK, C. A. A new blood diluent for
counting the erythrocytes and leucocytes of thekehi

Poultry Sci., v. 31, p. 735-738, 1952.

RAO, D.;

M. L.; EIRAS, A. C.; CAMPOS, B. E. S. 2003.
Differential leukocyte counts in “dourado’Salminus
maxillosus Valenciennes, 1840, from the Mogi-Guagu
River, Pirassununga, SBraz. J. Biol., v. 63 , n. 3, p.
517-525, 2003.

RAILO, E.; NIKINMAA, M.; SOIVO, A. 1985. Effects of

sampling on blood parameters in the rainbow trout,
Salmo gairdnerRichardson,). Fish Biol,, v. 26, p. 725-
732, 1985.

BHASKAR, B.; RAOQO, K, S; PRASAD, Y. V.
K. D. Haematological effects in fishes from comple
polluted waters of Visakhapatna HarbaMiar. environ.
Res., v. 30, p. 217-231, 1990.

iIERIANI, R.; PINNA, F. V.; SILVEIRA, F. L.; ROMANO,
sediments using geochemical markers. I. Santos, SP—

P.;  ABESSA, D. M. S. Toxicidade de &agua e
sedimentos e estrutura da comunidade bentbnica do
estuario do Rio Itanhaém, SP, Brasil resultados
preliminares.O Mundo da Saude v. 30, p. 628-633,
2006.



92 BRAZILIAN JOURNAL OF OCEANOGRAPHY, 58(specialsse V), 2010

SERIANI, R.; ABESSA, D. M. S.; MAGINI, C.; PINNA, F TETENS, V.; CHRISTENSEN, N. J. Beta-adrnergic cohtr
V.; SILVEIRA, F. L.; ROMANO, P. Using bioassays of blood oxygen affinity in acutely hypoxia exposed

and benthic community to evaluate the sedimentityual rainbow trout.J. comp. Physiol B, v. 57, p. 667-675,

at the estuary of Itanhaém River, SP, BrazilMOndo 1987.

da Saude v. 32, p. 294-301, 2008. WINTROBE, M. M. Variations on the size and haemabgto
SHAH, S. L. Hematological parameters in tefidica tinca content of erythrocytes in the blood of various

after short term exposure to leddappl. Toxicol, v. 26, vertebratesfolia haematol, v. 51, p. 32-49, 1934.

p. 223-228, 2006. ZAR, J. H. 1996 Biostatistical analysis.3rd. ed. Upper

SOUSA, E. C. P. M., ABESSA, D. M. S., GASPARRO, M. Saddle River, NJ: Prentice-Hall, 1996. 662 p.
R., ZARONI, L. P.; RACHID, B. R. F. Ecotoxicologit
assessment of sediments from the Port of Santoshend
disposal sites of dredged materi@raz. J. Oceanogt,
v. 55, p. 75-81, 2007.
STEGEMAN, J. J.; BROWER, M.; DI GIULIO, R. T.;
FORLIN, L.; FOWLER, B. A.; SANDERS, B. M,
VAN VELD, P. A. Molecular responses to
environmental contamination: Enzyme and protein
systems as indicators of chemical exposure andteffe
In: Biomarkers: Biochemical, physiological, and
histological markers of anthropogenic  stress.
HUGGETT, R. J.; KIMERLE, R.A.; MEHRLE JR., P.
P.; BERGMAN, H .L. (Ed.). Chelsea, Ml: Lewis (Manuscript received 09 March 2009; revised
Publishers, 1992. p. 235-335. 15 May 2009; accepted 01 August 2009)



