PUC-RIo - Certificacdo Digital N° 0420972/CB

7
Referéncias bibliograficas

AMORIM, F.A.C. et al. Espectrometria de absor¢do atomica: o caminho para
determinag¢des multi-elementares. Quimica Nova, v. 31, n. 7, p. 1784-1790, 2008.

ANAN, Y. et al. Elevated concentrations of trace elements in Caspian Seals
(Phoca caspica) found stranded during the mass mortality events in 2000.
Archives of Environmental Contamination and Toxicology, v. 42, p. 354-362,
2002.

ANDRE, J.M.; RIBEYRE, F. & BOUDOU, A. Mercury contamination levels and
distribution in tissues and organs of delphinids (Stenella attenuata) from the
eastern tropical Pacific, in relation to biological and ecological factors. Marine
Environmental Research, v. 30, p. 43-72, 1990.

ALTINDAG, A. & YIGIT, S. Assessment of heavy metal concentrations in the
food web of lake Beysehir - Turkey. Chemosphere, v. 60, p. 552 — 556, 2005.

ARAI T. et al. Chemical forms of mercury and cadmium accumulated in marine
mammals and seabirds as determined by XAFS analysis. Environmental Science
Technology, v. 38, p. 6468-6474, 2004.

ARCHER, F.I. & PERRIN, W.F. Stenella coeruleoalba. Mamm. Species, v. 603,
p. 1-9, 1999.

AUGIER, H.; PARK, W.K. & RONNEAU, C. Mercury contamination of the
striped dolphin Stenella coeruleoalba Meyen from the French Mediterranean
coasts. Marine Pollution Bulletin, v. 26, n. 6, p. 306-311, 1993.

BARRETO, A.S. & ROSAS, F.C.W. Comparative growth analysis of two
populations of Pontoporia blainvillei on the Brazilian coast. Marine Mammal
Science, v. 22, p. 644-653, 2006.

BASSOI, M. Feeding ecology of franciscana dolphin, Pontoporia blainvillei
(Cetacea: Pontoporiidae), and oceanographic processes on the Southern
Brazilian coast. Tese de Doutorado apresentada ao Graduate School of the
National Oceanography Centre, Southampton, p 207, 2005.

BATISTA, B.L. et al. Simultancous determination of Cd, Cu, Mn, Ni, Pb and Zn
in nail samples by inductively coupled plasma mass spectrometry (ICP-MS) after

tetramethylammonium hydroxide solubilization at room temperature: comparison
with ETAAS. Talanta, v. 76, p. 575-579, 2008.

BECKER, P.R. et al. Relationship of silver with selenium and mercury in the liver
of two species of toothed whales. Marine Pollution Bulletin, v. 30, n. 4, p. 262-
271, 1995.

BERNARDES, A.T., MACHADO, A.B.M. & RYLANDS, A.B. Fauna
Brasileira Ameacada de Extin¢do. Fundac¢ao Biodiversitas para a Conservagao
da Diversidade Bioldgica, Belo Horizonte, pp 62, 1989.


DBD
PUC-Rio - Certificação Digital Nº 0420972/CB


PUC-RIo - Certificacdo Digital N° 0420972/CB

Referéncias bibliograficas

BOCCA, B. et al. Simple, fast, and low-contamination microwave-assisted
digestion procedures for the determination of chemical elements in biological and
environmental matrices by sector field ICP-MS. International Journal of
Environmental and Analytical Chemistry, v. 87, n. 15, p. 1111-1123, 2007.

BORDINO, P. et al. Report of the working group on distribution and behavior.
Latin American Journal of Aquatic Mammals, v. 1, n. 1, p. 21-23, Special
Issue 1, 2002.

BORBORIA, M. et al. Distribution of the South American dolphin Sotalia
fluviatilis. Canadian Journal of Zoology, v. 69, p. 1025-1039, 1991.

BUSTAMANTE, P. et al. Cephalopods as a vector for the transfer of cadmium to
top marine predators in the north-east Atlantic Ocean. Science of the Total
Environment, v. 220, p. 71-80, 1998.

BUSTAMANTE, P. et al. Trace elements in two odontocete species (Kogia
breviceps and Globicephala macrorhyncus) stranded in New Caledonia (South
Pacific). Environmental Pollution, v. 124, p. 263-271, 2003.

BRUNBORG, L.A. et al. Levels of non-essential elements in muscle from harp
seal (Phagophilus groenlandicus) and hooded seal (Cystophora cristata) caught in
the Greenland Sea area. Science of the Total Environment, v. 366, p. 784-798,
2006.

CAPELLI, R. et al. Study of trace elements in organs and tissues of striped
dolphins (Stenella coeruleoalba) found dead along the Ligurian coasts (Italy).
Advances in Environmental Research, v. 4, p. 31-43, 2000.

CAPELLI, R. et al. Distribution of trace elements in organs of six species of
cetaceans from the Ligurian Sea (Mediterranean), and the relationship with stable
carbon and nitrogen ratios. Science of the Total Environment, v. 390, p. 569,
2008.

CARDELLICCHIO, N. et al. Tissue distribution of metals in striped dolphins
(Stenella coeruleoalba) from the Apulian coasts, Southern Italy. Marine
Environmental Research, v. 49, p. 55-66, 2000.

CARDELLICCHIO, N. et al. Accumulation and tissue distribution of mercury
and selenium in striped dolphin (Stenella coreruleoalba) from the Mediterranean
Sea (southern Italy). Environmental Pollution, v. 116, p. 265-271, 2002.

CAURANT, F. et al. Ecological and biological factors controlling the
concentrations of trace elements (As, Cd, Cu, Hg, Se, Zn) in delphinids
Globicephalas melas from the North Atlantic Ocean. Marine Ecology Progress
Series, v. 103, p. 207-219, 1994.

CAURANT, F.; NAVARRO, M. & AMIARD J-C. Mercury in pilot whales:
possible limits to the detoxification process. Science of the Total Environment,
v. 186, p. 95-104, 1996.

CHEN, M.H. et al. Mercury, Organic Mercury and Selenium in Small Cetaceans
in Taiwanese waters. Marine Pollution Bulletin, v. 45, p. 237-245, 2002.

CMS, http://www.cms.int, visualizado em 23/11/2007.

108


DBD
PUC-Rio - Certificação Digital Nº 0420972/CB


PUC-RIo - Certificacdo Digital N° 0420972/CB

Referéncias bibliograficas

CRESPO, E.A.; HARRIS, G. & GONZALES, R. Group size and distribution
range of the franciscana, Pontoporia blainvillei. Marine Mammal Science, v. 14,
n. 4, p. 845-849, 1998.

CRESPO, E.A. Franciscana — Pontoporia blainvillei. In: Perrin, W.F.; Wiirsig,
B. & Thewissen, J.G.M. (Eds.). Encyclopedia of Marine mammals. Academic
Press, San Diego, pp. 482-487, 2002.

DALLING, R. et al. Metallothionein in snail Cd and Cu metabolism. Nature, v.
388, n. 6639, p. 237-238, 1997.

DANILEWICZ, D. Biologia reprodutiva e padrdes de uso de habitat da
toninha, Pontoporia blainvillei (Mammalia, Cetacea), no litoral do Rio
Grande do Sul. Dissertagio de mestrado apresentada ao Departamento de
Zoologia da PUC do Rio Grande do Sul, 2000.

DANILEWICZ, D. et al. Report of the Working Group on Biology and Ecology.
Special Issue on the Biology and Conservation of Franciscana. In: Secchi, E.R.,
editor. Latin American Journal of Aquatic Mammals, v. 1, p. 25-42, 2002.

DAS, K.; DEBACKER, V. & BOUQUEGNEAU, J.M. Metallothionein in marine
mammals. Cellular and Molecular Biology, v. 46, p. 283-294, 2000.

DAS, K.; JACOB, V. & BOUQUEGNEAU, JM. White-sided dolphin
metallothioneins: purification, characterization and potential role. Comparative
Biochemistry and Physiology C, v. 131, p. 245-251, 2002.

DAS, K. et al. Zn, Cu, Cd and Hg binding to metallothioneins in harbour
porpoises Phocoena phocoena from the southern North Sea. BMC Ecology, v. 6,
p. 2. Available in: http://www.biomedcentral.com/1472-6785/6/2, accessed in
December, 2006.

DE MORENQO, J.E.A. et al. Heavy metals in Antarctic organisms. Polar Biology,
v. 17, p.131-140, 1997.

DEHN, L. et al. Trophic relationships in an Arctic food web and implications for
trace metal transfer. Science of the Total Environment, v. 362, p. 103-123,
2006.

DIETZ, R.; RIGET, F. & JOHANSEN, P. Lead, cadmium, mercury and selenium
in Greenland marine animals. Science of the Total Environment, v. 186, p. 67-
93, 1996.

DIETZ, R.; RIGET, F. & BORN, E.W. An assessment of selenium to mercury in
Greenland marine animals. Science of the Total Environment, v. 245, p. 15-24,
2000.

DI BENEDITTO, A.P.M. & RAMOS, R.M.A. Biology and conservation of the
franciscana (Pontoporia blainvillei) in the north of Rio de Janeiro State, Brazil.
Journal of Cetacean Research and Management, v. 3(2), p.185-192, 2001.

DI BENEDITTO, A.P.M. et al. Stomach contents of delphinids from Rio de
Janeiro, southeastern Brazil. Aquatic mammals, v. 27, n. 1, p. 24-28, 2001.

DI BENEDITTO, A.P.M. Interactions between gillnet fisheries and small
cetaceans in northern Rio de Janeiro, Brazil: 2001-2002. Latin American
Journal of Aquatic Mammals, v. 2, n. 2, p. 79-86, 2003.

109


DBD
PUC-Rio - Certificação Digital Nº 0420972/CB


PUC-RIo - Certificacdo Digital N° 0420972/CB

Referéncias bibliograficas

DI BENEDITTO, A.P.M. & RAMOS, R.M.A. Biology of the marine tucuxi
dolphin (Sotalia fluviatilis) in south-eastern Brazil. Journal of the Marine
Biological Association of the United Kingdom; v. 84, p. 1245-1250, 2004.

DI BENEDITTO, A.P.M. & SICILIANO, S. Stomach contents of the marine
tucuxu dolphin (Sotalia guianensis) from Rio de Janeiro, south-castern Brazil.
Journal of Marine Biology, v. 87, p. 253-254, 2007.

DORNELES, P. R. et al. Cephalopods and cetaceans as indicators of offshore
bioavailability of cadmium off Central South Brazil Bight. Environmental
Pollution, v. 148, p. 352, 2007.

DUGUY, R.; CASINOS, A. & FILELLA, S. Note sur la biologie de Stenella
coeruleoalba dans le bassin occidental de la Méditerranée. Rapp Comm Int Mer
Meédit, v. 25-26, n. 10, p. 137-139, 1979.

EISLER, R. (1988). Lead hazards to fish, wildlife, and invertebrates: a synoptic
review. Contaminant Hazard Reviews. Biological Report 85, v. 1.14, Patuxent
Wildlife Research Center, Laurel, MD, USA.

EISLER R. (2000). Selenium hazards to fish, wildlife and invertebrates: a
synoptic review. Contaminant Hazard Reviews. Biological Report 85, v. 1.5,
Patuxent Wildlife Research Center, Laurel, MD, USA.

EMERIM, E.G. et al. Notas sobre o golfinho pintado do Atléantico, Stenella
frontalis (Cetacea, Delphinidae) no sul do Brasil. Anais da VI Reun. Trab. Esp.
Mam. Aq. América do Sul, Florianépolis, Brasil, pp. 9-11, 1996.

ENDO, T.;, HARAGUCHI, K. & SAKATA, M. Mercury and selenium
concentrations in the internal organs of toothed whales and dolphins marketed for
human consumption in Japan. Science of the Total Environment, v. 300, p. 15-
22,2002.

ENDO, T. et al. Distribution of total mercury, methyl mercury and selenium in
pod of killer whales (Orcinus orca) stranted in the northern area of Japan:
Comparison of mature females with calves. Environmental Pollution, v. 144, p.
145-150, 2006.

ENDO, T. et al. Age-dependent accumulation of heavy metals in a pod of killer
whales (Orcinus orca) stranted in the northern area of Japan. Chemosphere, v.
67, p. 51-59, 2007.

EPA. Report on the peer consultation workshop on selenium aquatic toxicity and
bioaccumulation. Office of water, U.S. Environmental Protection Agency,
Washington D.C, 1998.

FERTL, D. et al. Distribution of the Clymene dolphin Stenella clymene. Mamm
Rev, v.33, n. 3, p. 253-271, 2003.

FONSECA, G.A.B. et al. Livro Vermelho dos Mamiferos Brasileiros
Ameacados de Extingdo. Fundagio Biodiversitas, Belo Horizonte, 1994.

FOWLER, S.W. Biological transfer and transport process. Boca Raton,
Florida, CRC Press, vol. 2, p. 246, 1982.

FRANCESCONI, K.A. et al. Uptake of Arsenic-Betaines by the Mussel Mytilus
edulis. Comparative Biochemistry and Physiology C, v. 122, n. 1, p. 131-137,
1999.

110


DBD
PUC-Rio - Certificação Digital Nº 0420972/CB


PUC-RIo - Certificacdo Digital N° 0420972/CB

Referéncias bibliograficas

FRODELLO, J.P.; ROMEO, M. & VIALE D. Distribution of mercury in the
organs and tissues of five toothed-whale species of the Mediterranean.
Environmental Pollution, v. 108, p. 447-452, 2000.

GERPE, M.S. et al. Accumulation of heavy metals in the Franciscana (Pontoporia
blainvillei) from Buenos Aires Province, Argentina. Latin American Journal of
Aquatic Mammals, v. 1, n. 1, p. 95-106, 2002.

GUILHERME, L.R.G. et al. Elementos-traco em solos e sistemas aquaticos.
Topicos de Ciéncia do Solo, v. 4, p. 345-390, 2005.

HAMILTON, S.J. Review of selenium toxicity in the aquatic food chain. Science
of the Total Environment, v. 326, p.1-31, 2004.

IKEMOTO, T. et al. Comparison of trace element accumulation in Baikal seals
(Pusa sibirica), Caspian seals (Pusa caspica) and northern fur seals (Callorhinus
ursinus). Environmental Pollution, v. 127, p. 83-97, 2004.

IUCN. Dolphins, Porpoises and Whales of the World. The ITUCN Red Data
Book. Compilado por M. Klinowska. International Union for Conservation of
Nature and Natural Resource, Gland, Switzerland, pp. 429, 1991.

KAGI, J.H.R. Overview of metallothionein. Methods in Enzymology, v. 205, p.
613-626, 1991.

KANNAN, K. et al. Comparison of trace element concentrations in livers of
diseased, emaciated and non-diseased southern sea otters from the California
coast. Chemosphere, v. 65, p. 2160-2167, 2006.

KASUYA, T. & BROWNELL, R.L. Age determination, reproduction, and growth
of the franciscana dolphin, Pontoporia blainvillei. The Scientific Reports of the
Whales Research Institute, v. 31, p. 45-67, 1979.

KEHRIG, H.A. et al. Total mercury, methylmercury and selenium in the livers
and muscle of different fishes and a marine mammal from a tropical estuary -
Brazil. RMZ-M&G, v. 51, n. 1, p. 1111-1114, 2004.

KEHRIG, H.A. et al. Total and methyl mercury in different species of mollusks
from two estuaries in Rio de Janeiro State. Journal of Brazilian Chemical
Society, n. 17, v. 7, p. 1409-1418, 2006.

KEHRIG, H. A. et al. Different Species of Mercury in the Livers of Tropical
Dolphins. Analytical Letters, v. 41, p. 1690-1698, 2008.

KEMPER, C. A review of heavy metal and organochlorine levels in marine
mammals in Australia. Science of the Total Environment, v. 142, p. 129-139,
1994.

KENNISH, M. J. Practical Handbook of Estuarine and Marine Pollution.
CRC Press, New York, USA, pp. 524, 1997.

KUBOTA, R.; KUNITO, T. & TANABE, S. Arsenic accumulation in the liver
tissue of marine mammals. Environmental Pollution, v. 115, p. 303-312, 2001.

KUCERA, J. Methodological developments and applications of neutrons
activation analysis. Journal of Radioanalytical and Nuclear Chemistry, v. 273,
n. 2, p. 273-280, 2007.

111


DBD
PUC-Rio - Certificação Digital Nº 0420972/CB


PUC-RIo - Certificacdo Digital N° 0420972/CB

Referéncias bibliograficas

KUNITO, T. et al. Concentration and subcellular distribution of trace elements in
liver of small cetaceans incidentally caught along the Brazilian coast. Marine
Pollution Bulletin, v. 49, p. 574-587, 2004.

LAILSON-BRITO, JR. J. et al. Trace metals in liver and kidney of the franciscana
(Pontoporia blainvillei) from the northern coast of Rio de Janeiro State, Brazil.
Latin American Journal of Aquatic Mammals, v. 1, n. 1, p. 107-114, 2002.

LAVERY, T.J. et al. Metals and selenium in the liver and bone of three dolphin
species from South Australia, 1888-2004. Science of the Total Environment, v.
390, p. 77-85, 2008.

LAW, RJ. Metals in marine mammals. In: Beyer WN, Heinz GH, Redmon-
Norwood AW (Eds.). Environmental Contaminants in Wildlife: Interpreting
Tissue Concentrations. CRC Press, Boca Raton, pp. 357-376, 1996.

LAW, R.J. et al. Metals and organochlorines in small cetaceans stranded on the
east coast of Australia. Marine Pollution Bulletin, v. 46, p. 1200-1211, 2003.

LAZARO, M.; LESSA, E.P. & HAMILTON, H. Geographic strucuture in the
franciscana doplhin (Pontoporia blainvillei). Marine Mammal Science, v. 20, n.
2,p.201-214, 2004.

LEONZIO, C.; FOCARDI, S. & FOSSI, C. Heavy metals and selenium in
stranded dolphins of the Northern Tyrrhenian. Science of the Total
Environment, v. 119, p. 77-84, 1992.

MAIA, C.B; ALMEIDA, A.CM. & MOREIRA, F.R. Avaliacdo do Teor de
Chumbo em Mexilhdoes da espécie Perna perna na Regido Metropolitana da
Cidade do Rio de Janeiro. Journal of the Brazilian Society of Ecotoxicology, v.
1, n. 2, p. 195-198, 2006.

MARCOVECCHIO, J.E. et al. Environmental contamination and marine
mammals in coastal waters from Argentina: an overview. Science of the Total
Environment, v. 154, p. 141-151, 1994.

MEADOR, J.P. et al. Comparison of elements in bottlenose dolphins stranded on
the beaches of Texas and Florida in the Gulf of Mexico over one-year period.
Archives of Environmental Contamination and Toxicology, v. 36, p. 87-98,
1999.

MEUHE, D. & VALLENTINI, E. O litoral do Estado do Rio de Janeiro: uma
caracterizacdo fisico-ambiental, FEMAR: Rio de Janeiro, p. 99, 1998.

MONACI, F. et al. Trace elements in striped dolphins (Stenella coeruleoalba)
from the western Mediterranean. Environmental Pollution, v. 99, p. 61-68, 1998.

MONTEIRO-NETO, C.; ITAVO, R.V. & MORAES, L.E.S. Concentrations of
heavy metals in Sotalia fluviatilis (Cetacea: Delphinidae) of the coast of Ceara,
Northeast Brazil. Environmental Pollution, v. 123, p. 319-324, 2003.

MORENQO, L.B. et al. Distribution and habitat characteristics of dolphins of the
genus Stenella (Cetacea: Delphinidae) in the southwest Atlantic Ocean. Marine
Ecology Progress Series, v. 300, p. 229-240, 2005.

NARDI, E.P. et al. The use of inductively coupled plasma mass spectrometry
(ICP-MS) for the determination of toxic and essential elements in different types
of food samples. Food Chemistry, v. 112, p. 727-732, 2009.

112


DBD
PUC-Rio - Certificação Digital Nº 0420972/CB


PUC-RIo - Certificacdo Digital N° 0420972/CB

Referéncias bibliograficas

NIGRO, M. & LEONZIO, C. Intracellular storage of mercury and selenium in
different marine vertebrates. Marine Ecology Progress Series, v. 135, p. 137-
143, 1996.

NORDBERG, G.F. et al. Handbook on the toxicology of metals. 3™. Elsevier,
USA, pp. 975, 2007.

OMS. Selenium. In: Environmental Health Criteria 58. World Health
Organization, Geneve, 1987.

O’SHEA, T.J. Environmental contaminants and marine mammals. In:
Reynolds III, J.E., Rommel, S.A. (Eds.), Biology of Marine Mammals.
Smithsonian Institution Press, Washington, pp. 485-563, 1999.

OTT, P.H. Diversidade genética e estrutura populacional de duas espécies de
cetdceos do Atlantico Sul Ocidental: Pontoporia blainvillei e Eubalaena
australis. Tese de Doutorado apresentada a Universidade Federal do Rio Grande
do Sul, pp 142, 2002.

PALACIO, F.J. Revision zoogeografica marina del sur del Brasil. Bolm Inst.
Oceanogr. Séo Paulo, v. 31, n. 1, p. 69-92, 1982.

PALMISANO, F.; CARDELLICCHIO, N. & ZAMBONIN, P.G. Speciation of
mercury in dolphin liver: a two-stage mechanism for the demethylation
accumulation process and role of selenium. Marine Environmental Research, v.
40, n. 2, p. 109-121, 1995.

PERRIN, W.F. & BROWNELL, R.L. Report of the workshop. In: Perrin, W.F.,
Brownell, R.L., Zhou Kaya, Liu Jiankang (Eds.). Biology and Conservation of
River Dolphins, p. 1-22, 1989.

PERRIN, W.F.; CALDWELL, D.K. & CALDWELL, M.C. Atlantic spotted
dolphin — Stenella frontalis (Gray, 1828). In: RIDGWAY, S.H. & HARRISON,
S.R. (Eds.). Handbook of Marine mammals, v. 5, Academic press, London, pp.
173-190, 1994.

PINEDO, M.C.; PRADERI, R. & BROWNELL, R.L. Review of the biology and
status of the franciscana, Pontoporia blainvillei. In: Biology and conservation of
river dolphins, [IUCN, Hong Kong, pp.46-51, 1989.

PINEDO, M.C. Development and variation of the franciscana, Pontoporia
blainvillei. Tese de doutorado apresentada a Universidade da California, pp 406,
1991.

PINEDO, M.C. Impact of incidental fishery mortality on the age structure of
Pontoporia blainvillei in southern Brazil and Uruguay. International Whaling
Commission Report (special issue), v. 15, p. 261-264, 1994.

PINEDO, M.C. & HOHN, A. Growth layer patterns in teeth from the franciscana,
Pontoporia blainvillei: developing a model for precision in age estimation.
Marine Mammal Science, v. 16, n. 1, p. 1-27, 2000.

POZEBON, D. et al. Biomonitoring of essential and toxic elements in small
biological tissues by ICP-MS. Journal of Analytical Atomic Spectrometry, v.
23, p. 1281-1284, 2008.

113


DBD
PUC-Rio - Certificação Digital Nº 0420972/CB


PUC-RIo - Certificacdo Digital N° 0420972/CB

Referéncias bibliograficas

ROBERTSON, K.M. & CHIVERS, S. J. Prey occurrence in pantropical spotted
dolphins, Stenella attenuata, from the eastern tropical Pacific. Fishery Bulletin,
v. 95, p. 334-348, 1997.

RODRIGUEZ, D., RIVERO, L., BASTIDA, R. Feeding ecology of the
franciscana (Pontoporia blainvillei) in marine and estuarine waters of Argentina.
Latin American Journal of Aquatic Mammals (special issue), v. 1, p. 77-94,
2002.

RODITI-ELASAR, M. et al. Heavy metal levels in bottlenose and striped
dolphins off the Mediterranean coast of Isracl. Marine Pollution Bulletin, v. 46,
p. 503-512, 2003.

ROSAS, F.C.W. et al. The striped dolphin, Stenella coeruleoalba (Cetace:
Delphinidae), on the coast of S3o Paulo State, southeastern Brazil. Aquatic
Mammals, v. 28, n. 1, p. 60-66, 2002.

SASAKURA, S. & SUZUKI, K.T. Biological interaction between transition
metals (Ag, Cd and Hg), selenide/ sulphide and selenoprotein P. Journal of
Inorganic Biochemistry, v. 71, p. 159-162, 1998.

SCHULTZ, A. et al. Mercury. In: Herber, R.F.M.; Stoeppler, M. (Eds.), Trace
element analysis in biological specimens. Elsevier, London, Amsterdam, New
York and Tokyo, pp. 403-446, 1994.

SCHWARTZ, J. et al. The development of methods for immunophenotypic and
lymphocyte function analyzes for assessment of Southern sea otter (Enhydra lutris
nereis) health. Veterinary Immunology and Immunopathology, v. 104, p. 1,
2005.

SECCHI, E.R. et al. Population differentiation in the franciscana (Pontoporia
blainvillei) from two geographic locations in Brazil as determined from
mitochondrial DNA control region sequences. Canadian Journal of Zoology, v.
76,1. 9, p. 1622-1627, 1998.

SECCHI, E.R.; DANILEWICZ, D. & OTT, P.H. Applying the phylogeographic
concept to identify franciscana dolphin stocks: implications to meet management
objectives. Journal of Cetacean Research and Management, v. 5, n. 1, p. 61—
68, 2003.

SEIXAS, T.G. Selénio Total em Tecidos de Quatro Diferentes Organismos
Marinhos da Baia de Guanabara, RJ, Brasil. Dissertacdo de mestrado apresentada
ao Departamento de Quimica da PUC- RJ, pp 121, 2004.

SEIXAS, T.G. et al. Ecological and biological determinants of trace elements
accumulation in liver and kidney of Pontoporia blainvillei. Science of the Total
Environment, v. 385, p. 208-220, 2007a.

SEIXAS, T.G. et al. Distribuicdo de Selénio em organismos marinhos da Baia de
Guanabara/ R.J. Quimica Nova, v. 30, n. 3, p. 554-559, 2007b.

SEIXAS, T. G. et al. Total mercury, organic mercury and selenium in liver and
kidney of a South American coastal dolphin. Environmental Pollution, v. 154, p.
98-106, 2008.

SEIXAS, T. G. et al. Trace Elements in Different Species of Cetacean from Rio
de Janeiro Coast. Journal of the Brazilian Chemical Society, in press, 2009.

114


DBD
PUC-Rio - Certificação Digital Nº 0420972/CB


PUC-RIo - Certificacdo Digital N° 0420972/CB

Referéncias bibliograficas

SHIBATA, Y., MORITA, M., FUWA, K. Selenium and arsenic in biology: their
chemical forms and biological functions. Advances in Biophysics, v. 28, p. 31-
80, 1992.

SICILIANO, S. Review of small cetaceans and fishery interactions in coastal
waters of Brazil. Report of International Whaling Commission, v. 15 (Special
Issue), p. 241-250, 1994.

SKOOG, D.A. et al. Principios de andlise instrumental. 5*. Bookman, Porto
Alegre, 2002.

SROGI, K. Developments in the Determination of Trace Elements by Atomic
Spectroscopic Techniques. Analytical Letters, v. 41, p. 677-724, 2008.

SULEIMAN, J.S. et al. Determination of Cd, Co, Ni and Pb in biological samples
by microcolumn packed with black stone (Pierre noire) online coupled with ICP-
OES. Journal of Hazardous Materials, v. 157, p. 410-417, 2008.

SURES, B.; TARASCHEWSKI, H. & HAUG, C. Determination of trace metals
(Cd, Pb) in fish by electrothermal atomic absorption spectrometry after
microwave digestion. Analytica Chimica Acta, v. 311, p. 135-139, 1995.

STOCKIN, K.A. et al. Trace elements, PCBs and organochlorine pesticides in
New Zealand common dolphins (Delphinus sp.). Science of the Total
Environment, v. 387, p. 333-345, 2007.

SZEFER, P. et al. Intercomparison studies on distribution and coassociations of
heavy metals in liver, kidney, and muscle of Harbor Porpoise, Phocoena
phocoena, from southern Baltic Sea and coastal waters of Denmark and
Greenland. Archives of Environmental Contamination and Toxicology, v. 42,
p. 508-522, 2002.

THOMPSON, D.R. Metal levels in marine vertebrates, In: Furness, R.W.,
Rainbow, P.S. (Eds.), Heavy Metals in the Marine Environment. CRC Press, Boca
Raton, pp. 143-182, 1990.

THOMPSON, B. et al. Biological effects of anthropogenic contaminants in the
san francisco estuary. Environmental Research, v. 105, p. 156-174, 2007.

UNEP. In: MARQUES, M.; KNOPPERS, B.; LANNA, A.E.; ABDALLAH, P.R.
& POLETTE, M. (Eds.), Brazil Current, GIWA Regional assessment 39.
University of Kalmar, Kalmar, Sweden, 2004.

YANG, J. & MIYAZAKI, N. Moisture content in Dall’s porpoise (Phocoenoides
dalli) tissues: a reference base for conversion factors between dry and wet weight
trace element concentrations in cetaceans. Environmental Pollution, v. 121, p.
345-347, 2003.

WAGEMANN, R.; INNES, S. & RICHARD, P.R. Overview and regional and
temporal differences of heavy metals in Arctic whales and ringed seals in the
Canadian Arctic. Science of the Total Environment; v. 186, p. 41-66, 1996.

WAGEMANN, R. et al. Methylmercury and total mercury in tissues of arctic
marine mammals. Science of the Total Environment, v. 218, p. 19-31, 1998.

WAGEMANN, R. et al. Mercury species in the liver of ringed seals. Science of
the Total Environment, v. 261, p. 21-32, 2000.

115


DBD
PUC-Rio - Certificação Digital Nº 0420972/CB


PUC-RIo - Certificacdo Digital N° 0420972/CB

Referéncias bibliograficas

WATANABE, I. et al. Accumulation of heavy metals in Caspian Seals (Phoca
caspica). Archives of Environmental Contamination and Toxicology, v. 43, p.
109-120, 2002.

WELZ, B. & SPERLING, M. Atomic Absorption Spectroscopy, 3™ ed., Wiley-
VCH, Weinheim, pp. 547, 1999.

WOSHNER, V. et al. Concentrations and interactions of selected essential and
non-essential elements in bowhead and beluga whales of Artic Alaska. Journal of
Wildlife Diseases, v. 37, n. 4, p. 693-710, 2001.

116


DBD
PUC-Rio - Certificação Digital Nº 0420972/CB


Anexos

€2/2260210 oN [e)hi@ oedeayiial - o/¥-ONd


DBD
PUC-Rio - Certificação Digital Nº 0420972/CB


PUC-RIo - Certificagdo Digital N° 0420972/CB

Anexos 118

Anexo 1. Artigos Completos Publicados Durante o Desenvolvimento da Tese

Available online at www.sciencedirect.com
-

“».” ScienceDirect

ENVIRONMENTAL
POLLUTION

ELSEVIER

Environmental Pollution 154 (2008) 98—106

www.elsevier.com/locate/envpol
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This study presents some useful data on the bivaccumulation of Hg, organic Hg and Se, and their
inter-element relationships in a Brazilian small cetacean.

Abstract

Selenium and total and organic mercury were determined in the liver and kidney of franciscana dolphin (Pontoporia blainvillei) incidentally
caught in fishing nets along two Brazilian coastal areas (southeast and south). Regional differences in the concentrations of these contaminants
were observed in P. blainvillei. Liver showed the highest organic and total mercury. In general, samples of individuals collected at the southern
of Brazil had the highest concentrations of selenium and total and organic mercury. No significant gender differences were observed. Growth
stage influenced the accumulation of these contaminants in both organs, and hepatic concentrations increased with the body length, according to
the sampling area. Molar mercury and selenium concentrations in liver were significantly correlated, with a Se:Hg ratio close to 4. The among-
site differences we found may be related to differences in preferred prey, bioavailability in the marine environment, environmental conditions, or
these individuals may belong to distinct populations.
© 2008 Elsevier Ltd. All rights reserved.

Keywords: Brazilian coast: Franciscana dolphin: Trace Organic mercury: Ecological and biological factors

1. Introduction Conversely, selenium is recognized as an essential element

(WHO, 1987) for metabolic activity of aguatic mammals,

Mercury is an exogenous and harmful metal, which accu-
mulates in the tissues of higher food web organisms (such as
marine mammals) as they grow (Caurant et al., 1994; Haragu-
chi et al., 2000; Kunito et al., 2004; Feroci et al., 2003).

* Corresponding author. Laboratorio de Radioisdtopos Eduardo Penna
Franca., IBCCF-UFRJ, 21949-900 Rio de Janeiro, RJ, Brazil. Tel./fax: +53
21 2561 5339.

E-mail address: wercin@rde.puc-rio.br (T.G. Seixas),

(269-T491/8 - see front matter © 2008 Elsevier Ld. All rights reserved.
doi: 10.1016/.envpol. 2008.01.030

acting as a protective agent against the toxicity of exogenous
metals such as mercury (USA/EPA, 1998; Feroci et al.,
2005). Studies have shown that selenium may reduce the avail-
ability of mercury, as methylmercury, blocking it in insoluble
compounds (Feroci et al., 1997: Sasakura and Suzuki, 1998).

In the southwestern Atlantic some studies have documented
trace element concentrations in the tissues of franciscana, Pon-
toporia blainvillei (Marcovecchio et al., 1994; Gerpe et al.,
2002; Lailson-Brito et al., 2002: Kunito et al., 2004; Seixas
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CHEMICAL SPECIATION

Different Species of Mercury in the Livers
of Tropical Dolphins
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Abstract: Four kinds of mercury species (inorganic mercury (Hgjyore). methyl-
mercury (MeHg), total organic mercury (£ZHg,,¢), and insoluble mercury, deemed
to be mercuric selenide (HgSe), were determined in the livers of dolphins from the
Brazilian coast. The MeHg was identified and quantified in the toluene layer on a
Gas Chromatograph with an Electron Capture Detector (GC-ECD). The ZHg,,,
was isolated by acid leaching (H,SO4-KBr-CuSO,) and then extracted into
CH,Cl,. The XHgy, and Hgior, were determined by Cold-Vapor Atomic
Absorption Spectroscopy (CV-AAS). The MeHg was the smallest fraction of
Hg,.. with a median of 9%, whereas the highest fraction of the Hg,, was as
HgSe, corresponding to 53%. The fractions of Hgjiyore and ZHg,,, corresponded
to 30% and 39%, respectively. The lowest fraction of MeHg and the highest
fraction of HgSe in the liver of all animals are related to different capacities or
strategies of detoxification of methylmercury in this organ.

Keywords: Inorganic mercury, insoluble mercury, liver, methylmercury, total
organic mercury, tropical dolphin
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Abstract

The present work tested whether ecological and biological variables have an influence on the assimilation of trace elements by
the tissues of a cetacean from the Western South Atlantic Ocean. No significant differences were observed in the concenirations for
both sexes. As individuals from the two sampling areas belong to distinct genetic and morphological populations, animals of
similar body length were older on the southeastern than on the southern coast. The liver showed the highest concentrations of
mercury, whereas the highest levels of cadmium were found in the kidney. Hepatic mercury, cadmium and selenium in individuals
from the south coast were about four times as high as those from the southeast coast. However, arsenic in the liver and kidney were
similar in both coastal areas. Hepatic mercury, cadmium and selenium concentrations increased with body length in individuals
from the southeastern coast, although no significant correlations (P>0.05) were observed between body length from either area and
the renal and hepatic As concentrations. A significant positive linear relationship was observed between molar concentrations of
Hg and Se in the liver of all individuals from both areas (- =0.93; P<0.001), presenting Se:Hg ratios close to 4. Differences found
among the concentrations of Hg, Cd and Se in dolphins from both areas were probably due to the preferred prey, bioavailability of
elements in each marine environment, and environment variables (water temperature, net primary production). As a consequence,
concentrations of trace elements in the tissues of this species can be considered to be a result of the surrounding environment.,
© 2007 Elsevier B.V. All rights reserved.

Keywords: Mercury; Cadmium; Amsenic; Selenium; Franciscana; Latitudinal gradient; South Atlantic

1. Introduction

* Corresponding  author. Departamento de Quimica, PUC-Rio, Marine mammals are very selnsmve to em‘l.rolm'nlen—
22453.900 Rio de Janeira, RT, Brazil, Tel./fax: +55 21 2561 5339, tal changes and have been considered good bioindica-
E-mail address: tercia@rde puc-rio br (T.G. Seixas). tors of environmental contamination (Capelli et al.,

0048-9697/% - see front matter © 2007 Elsevier B.V. All rights reserved.
doi: 10,101 6/). scitotenv. 2007.06.045
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DISTRIBUICAO DE SELENIO EM ORGANISMOS MARINHOS DA BAIA DE GUANABARA/ RJ

Tércia Guedes Seixas* e Isabel Moreira

22453-900 Rio de Janeiro — RJ. Brasil
Helena do Amaral Kehrig e Olaf Malm
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Rio de Janeiro — RJ, Brasil

Departamento de Quimica, Pontificia Universidade Catélica — Rio, Rua Marqués de Sio Vicente, 225,

Instituto de Biofisica Carlos Chagas Filho, Centro de Ciéncias da Satide, Universidade Federal do Rio de Janeiro, 21949-900

Recebido em 1/2/06; aceito em 3/7/06; publicado na web em 19/1/07

DISTRIBUTION OF SELENIUM IN MARINE ORGANISMS FROM GUANABARA BAY/ RJ. The study assessed selenium
concentrations in the muscle tissues and liver samples of three fish species and in the soft tissues of a mussel species. The samples
were analyzed by GF-AAS using Zeeman background correction. Selenium in the muscle samples was higher in carnivorous fish.

The liver of all studied fish species presented higher selenium concentrations than the muscle, The fish species presented a high
positive correlation between their total length and selenium concentration. A significant correlation was observed between the
selenium concentration in the mussel soft tissues and the condition index.

Keywords: total selenium; fish and mussel; Guanabara Bay.

INTRODUCAO

O selénio (Se) € conhecido como um micronutriente essencial
para a maioria dos animais, porém em concenlragbes elevadas €
considerado tixico'*. Estudos vém mostrando que a morte de al-
gumas espécies de organismos mais susceptiveis ao selénio € ob-
servada em ambientes aguiticos cuja dgua apresentou concentra-
¢iio de Se na faixa de 0,06 a 0.6 pg g'% Para o ser humano, o Se ¢
considerado como essencial em concentragies que variam de 0,04
a 0,1 pg o' Entretanto, para os organismos marinhos, como os
peixes, o selénio se torna tGxico a partir de 3,0 pg g' . Hd um
grande ir em se entender o compor do Se nos orga-
nismos marinhos, devido a sua importineia fisioldgica e
toxicologica, Existem poucos trabalhos dedicados ao metabolismo
e & acumulacdo do Se no meio ambiente aquitico ¢ seu ciclo
biogeoquimico ¢ parcialmente conhecido®. Alguns estudos relaci-
onados ao metabolismo do Se nos produtores primdrios™® ¢ acu-
mulagio do Se pelos e idores” forn 1 algl informa-
¢oes bisicas a respeito da importincia ¢ do papel deste elemento
para a biota marinha. Os bivalvos e os peixes siio reconhecidamen-
te empregados como biomonitores de Se em ambientes aquéticos'.
Peters e colaboradores® concluiram que a cadeia alimentar benténica
¢ uma importante fonte de Se para os peixes e que a principal rota
para a bioacumulagio ¢ via cadeia alimentar. Porém, uma varieda-
de de parimetros abidticos e bidticos pode influir na eficiéncia
com gue os organismos aquidticos acumulam os metais pesados ¢ o
selénio em seus tecidos e Grgios”. A concentragiio de Se nos detn-
tos orginicos dos sedimentos ¢ mais importante para a contamina-
¢io da cadeia alimentar aquitica que a concentragio de Se dissol-
vido na coluna d'dgua®. Estudos vém mostrando que a contamina-
¢io dos sistemas aquiticos por Se pode causar sérios danos i biota,
inclusive a mortalidade de peixes.

Neste trabalho foram determinadas as concentragbes de selénio
total em tecido muscular e figado de trés espécies de peixes bentdnicos
com diferentes hdbitos alimentares (Mugil liza - tainha, peixe

*e-mail: tercia@rde.puc-rio.br

planctivoro; Bagre spp. — bagre, peixe onivoro e Micropogonias
Sfurnieri — corvina, peixe carnivoro) ¢ nos tecidos moles de uma es-
pécie de mexilhio (Perna perna), coletados na Baia de Guanabara.

A Baia de Guanabara (22°8, 43°W) ¢ um estudrio de aproxima-
damente 400 kmy®, localizada no estado do Rio de Janeiro, na re-
gidio sudeste brasileira (Figura 1). E uma importante frea com re-
lagiio & produgiio pesqueira, porém recebe impactos na forma de
esgotos domésticos ¢ efluentes industriais ndo tratados, que sdo
provenientes de uma drea densamente povoada, com aproximada-
mente 10,000 indistrias, além de uma intensa atividade portudria ¢
um complexo pélo petroguimico'. Sua bacia de drenagem pode
ser considerada como uma regido bastante impactada por matéria
orginica, dleo e um grande niimero de outros compostos, incluin-

Rio de Joreirg  Olorla

Cittars Atlirtios

Figura 1. Locais de coleta na Baia de Guanabara, estado do Rio de Janeiro

121


DBD
PUC-Rio - Certificação Digital Nº 0420972/CB


PUC-RIo - Certificagdo Digital N° 0420972/CB

Anexos

0O SELENIO NO MEIO AMBIENTE

Tércia G, Seixas’ " & Helena do A. Kehrig’
! Departamento de Quimica, PUC-Rio, Rua Marqués de Sdo Vicente, 225

Gavea, CEP: 22453-900, Rio de Janeiro, RJ, Brasil.

* Laboratdrio de Radioisitopos Eduardo Penna Franca, IBCCF-UFRJ, Tlha do Fundéo, CEP: 21941-202, Rio de Janeiro, RJ, Brasil.

*e-mail: tercia@rde. puc-riobr

RESUMO

O selénio ¢ conhecido como um elemento de grande importincia fisiologica e ecotoxicologica, uma vez que

¢ um micronutriente essencial para a maioria dos organismos. mas também torna-se toxico em concentragdes
elevadas. Por esta razfio. hia um grande interesse em se entender o comportamento deste elemento no meio
ambiente. Nesta revisiio, alguns aspectos importantes com relagiio a este elemento sio apresentados.
Palavras-chave: Selénio: papel fisiologico: deficiéncia: efeito protetor: toxicidade.

ABSTRACT

SELENIUM IN THE ENVIRONMENT. Selenium is known as an element of great physiological and
ecotoxicological importance due to it is an essential micronutrient for some organisms. but it is also toxic
at elevated concentrations. For this reason. there is an increasing interest in understanding the behavior of
selenium in the environment. In this review. some important aspects related this element is described.
Key-words: Selenium; physiological role; deficiency; protector effect: toxicity.

INTRODUCAO

O selénio (Se) € conhecido como um micronu-
triente essencial para a maioria dos organismos (Chat-
terjee ef al. 2001), porém. este elemento possui uma
ambigiiidade biologica em que: (1) em concentragdes
trago € necessario para o crescimento e desenvolvi-
mento normal do organismo; (2) em concentragdes
moderadas pode ser armazenado ¢ mantém as fungdes
homeostiticas e (3) em concentragdes elevadas pode
resultar em efeitos toxicos (Hamilton 2004). Dentre
os clementos essenciais. o selénio ¢ considerado o
mais 10xico uma vez que a diferenga existente entre
a dose essencial ¢ a toxica ¢ muito pequena (Chap-
man 1999). As crescentes atividades antropogénicas
tém aumentado a liberagio e o emprego do selénio de
suas fontes naturais (rochas e solos). tornando-o dis-
ponivel principalmente para 0 meio ambiente aquati-
co ¢ consequentemente para o homem:; uma vez que
a principal via de exposigiio tanto do homem quanto
dos organismos aquaticos ao selénio € através da dieta
alimentar. Ha varias décadas o “‘quebra-cabega™ cha-
mado selénio vem sendo aos poucos montado tanto no
campo biologico, quanto no campo ecotoxicologico.
A cada estudo sio atribuidas mais fungdes biologicas
importantes a este elemento trago. A fungiio protetora

Oecol. Bras., 11 (2): 264-276, 2007

¢ antagdnica que este elemento desempenha contra a
aglio téxica de certos metais (Hg, Cd, Pb) ¢ metaldi-
des (As) € uma delas. Porém, seu mecanismo é com-
plexo e ainda nio foi totalmente elucidado. Somente
para o mercirio (Hg) esta interagiio parece ja estar um
pouco esclarecida. Estudos realizados com mamiferos
marinhos (Wagemann et ol 1998, 2000) mostraram,
através de um mecanismo hipotético, que o selénio
através das selenoproteinas proporciona a demetilagio
do metilmercirio (Mellg) por meio da formagio de
granulos inertes de selencto mercurico (HgSe) no fi-
gado desses organismos. A seguir serdio apresentados
alguns pontos relevantes a respeito deste elemento de
grande importancia fisioldgica e ecotoxicologica.

O SELENIO E SEUS COMPOSTOS NO
AMBIENTE

O selénio ¢ um metaloide que foi isolado e
identificado em 1817 pelo quimico succo Jins Jacob
Berzelius (1779-1848) quando este observou um
depdsito vermelho sobre as paredes de uma cimara
de chumbe usada para produzir acido sulfirico
(Foster & Sumar 1997, Barceloux 1999), Este
elemento pertence ao grupo 16 da tabela periodica,
e estd localizado entre o enxofre e o telirio. Ambos
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Selénio em Tecidos de Organismos Marinhos da
Baia de Guanabara, Brasil

T. G. Seixas,”” H. A. Kenric,” L. Morera! & O. MaLw?®
'Departamento de Quimica, Pontificia Universidade Catélica do Rio de Janeiro, CEP 22453-900, Rio de Janeiro

| aboratério de Radiois6topos Eduardo Penna Franca, Instituto de Biofisica Carlos Chagas Filho, CCS,
Universidade Federal do Rio de Janeiro, CEP 21949-900, Rio de Janeiro

RESUMO

siesie estudo foram determinadas as concentragdes de selénio total (TSe) no tecido muscular e no
ie de bivalve. As amostras sofreram um tratamento dcido, e o TSe
“: determinado por Absorgio Atdmica com forno de grafite (GF-AAS) equipado com corretor Zeeman. As concentragdes
| ¢ Se no tecido muscular foram mais elevadas no peixe carnivoro.

wacies de Se para todas as espécies de peixe. Nos peixes, a concentragio de

cativa e positiva com o comprimento total. Os mexilhdes apresentaram correlagdo significativa (Spearman) entre
ncentragio de Se nos tecidos moles ¢ o indice de condigio (IC). Todas as espécies estudadas apresentaram concen-
-» de TSe no tecido muscular e nos tecidos moles dentro dos limites aceitdveis pela OMS (1.5 pg.g”' em peso imido)

4= peixes e, também, nos tecidos moles de uma espéc

2 0 consumo humano.

figado de trés espécies

O figado foi o 6rgdo que apresentou as maiores concen-
Se no tecido muscular apresentou correlagao

o lavras-chave: selénio total, peixes e mexilhdo, Bafa de Guanabara, hdbito alimentar.

ABSTRACT

Selenium in tissues of marine organisms of Guanabara Bay, Brazil

This study assessed total selenium concentrations in the muscle
| = the soft tissues of a bivalve. The samples were digested with concentrated acid and analyzed by GF-AAS using Zeeman
in the muscle tissue samples were higher in carnivorous fish. The liver

\ samples of all studied fish species presented the highest total selenium concentration. The fish species presented a high

s

sackground correction. Concentrations of selenium

tissues and liver samples of three fish species and also

sositive correlation (Spearman) between their total lengths and total selenium concentration. A significant correlation was

Ay

sresented the selenium concentrations in the muscle tissue and in the soft tissue below the

“=r human consumption (1.5 pg.g™' in wet weight).

erved between the selenium concentration in the mussel soft tissues and the condition index (IC). All studied species

safety limit established by WHO

¥+ words: total selenium, fish and mussel, Guanabara Bay, feeding habit.

INTRODUCAO

O selénio (Se) é conhecido como um micronutriente

| =ssencial para a maioria dos animais, porém em concentragdes
| slevadas é considerado téxico (Chatierjee & Bhattacharya,

11 ). Hd grande interesse em entender o comportamento do
nos organismos marinhos devido a sua importincia

| Ssildgica e toxicolégica. Sdo poucos os trabalhos dedicados
{ 2o metabolismo e A acumulagdo do Se no meio ambiente

* Corresponding author: Tércia G. Seixas; e-mail: tercia@rdc.puc-rio.br.

aquitico, e seu ciclo biogeoquimico ¢ parcialmente conhecido
(Pelletier, 1985). Alguns estudos relacionados ao metabolismo
do Se nos produtores primdrios (Fries, 1982; Price et al., 1987)
e & acumulagiio do Se pelos consumidores (Fowler & Benayoun,
1976) forneceram algumas informagdes bésicas a respeito da
importancia e do papel desse elemento para a biota marinha.
Os bivalves e os peixes sdo reconhecidamente empregados
como biomonitores de Se em ambientes aquiticos (Chatterjee
& Bhattacharya, 2001). Peters et al. (1999) concluiram em
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RESUMO

As concentragdes de selénio foram determinadas em tecidos de diferentes organismos marinhos
coletados na Baia de Guanabara, entre 2000 ¢ 2003, Foram analisados o tecido muscular ¢ o figado
de 79 individuos de peixe com diferentes habitos alimentares, Micropogonias fitrnieri, Bagre spp.,
Mugil liza, (carnivoro, onivoro e iliofago) e os tecidos moles de 40 individuos de mexilhdo, Perna
perna, (filtrador). As amostras sofreram uma digestdo 4cida e foram analisadas por Absorgio
Atdmica com formo de grafite (GF-AAS) equipado com corretor Zeeman. O figado foi o drglo que
apresentou as maiores concentragdes de selénio para todas as espécies de peixe. As concentracdes
de selénio no tecido muscular foram mais elevadas no peixe carnivoro (0,12-1,25 ug.g” p.u). As
especies de peixe onivoro e 1l10fago apresentaram concentragdes de selénio no tecido muscular
similares, na faixa de < 0,05-0,18 pug.g™ p.u., e estas foram similares as encontradas nos tecidos
moles do mexilhiio (0,16-0,21 pg.g™ p.u). O tecido muscular mostrou ser o dnico tecido a sofrer
influéncia direta do habito alimentar. Os peixes camivoro e 1hofago apresentaram uma correlagiio
significante (Spearman) e posiliva entre a concentracio de selénio no tecido muscular e o
comprimento total dos individuos. O peixe carnivoro foi a unica espécie que apresentou uma
correlagio significativa entre as concentragdes de selénio nos dois tecidos analisados (musculo e
figado). O mexilhdo apresentou uma correlagfio significativa entre a concentragio de selénio nos
tecidos moles e o indice de condigio (IC). Néo foram observadas diferengas significativas (p<0,05)
entre as concentragdes de selénio nos tecidos moles dos mexilhdes entre os diferentes locais de
coleta dentro da baia. As espécies estudadas apresentaram concentragdes de selénio em seus tecidos
semelhantes as encontradas em ecossistemas considerados nfio impactados.

Palavras-chave: selémo, peixes, mexilhiio, Baia de Guanabara, habito alimentar.
ABSTRACT
Selenium In Tissues Of Four Marine Organisms From Guanabara Bay/Rj

Selenium concentrations were measured m dilferent marne organisms collected at
Guanabara Bay in different periods between 2000 and 2003. The muscle tissues and the hver of a

Tropical Oceanography, Recife, v. 33, n. 2, p. 205-218, 2005.
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Trace Elements in Different Species of Cetacean from Rio de Janeiro Coast

Tércia G. Seixas,** Helena A. Kehrig," Ana Paula M. Di Beneditto,”
Cristina M. M. Souza,” Olaf Malm® and Isabel Moreira®

“Pepartamento de Quimica, Pontificia Universidade Catélica do Rio de Janeiro,

22453-900 Rio de Janeiro-RJ, Brazil

*Instituto de Biofisica Carlos Chagas Filhe, Universidade Federal do Rio de Janeiro,
21941-902 Rio de Janeiro-RJ, Brazil

‘Centro de Biociéncias e Biotecnologia, Universidade Estadual do Norte Fluminense,
28013-602 Campos dos Goytacazes-RJ, Brazil

Neste estudo avaliou-se a i ia de alguns par 0s ecoldgicos e bioldgicos sobre a
acumulagio dos elementos-trago (As, Cd, Cu, Pb, See Ag) no figado de trés espécies de cetdceos,
sendo duas de hibito costeiro ( Pomtoporia blainvillei e Sotalia guianensis) e uma de hibito ocednico
(Stenella frontalis), que foram acidentalmente capturados na costa porte do estado do Rio de
Janeiro. Diferengas inter-espéceies foram observadas no padrio de acumulagio dos elementos-trago,
CdePb(512+074 pg g'e 21,25 1,35 ug g, respectivamentz). Entretanto, as trés espécies
de ceticeo, S. guianensis, P. blaimillei e S. frontalis apresentaram concentragdes hepiticas de
As, Cu e Ag similares. O sexo dos individuos ndo influin na bicacumulagio dos elementos. O
comprimento tofal influencion na acumulagio dos elementos-trago no figado de acordo com a
espécie de cetdceo. 5. guianensis, que co-habita 0 mesmo ambiente que a espécie P blainvillei,
apresenton uma diferenca significativa na concentragio hepdtica de selénio (20,70 £ 32,22 ug g e
3,24 £ 2,02 ug g, respectivamente). A partir dessas observagdes pode-se concluir que condigdes

bi is ¢ pard 08 bioldgicos, tais como comprimento total e principalmente a preferéncia

significati a acumulagio de elementos trago no figado dessas
espécies de cetdceos,

The present work tested whether ecological and biological parameters have an influence on
the acg ion of trace ek (As, Cd, Cu, Pb, Se and Ag) by the liver of three cetaceans
species: two species of coastal habit (Portoporia blaimvillei and Solalia guianensis) and ope of
oceanic habit (Stenella frontalis), that were incidentally caught in fishing nets along the north of
Rio de Janeiro coast. Inter-species difference was observed on the accumulation of Cd and Pb
(3.12£ 074 pg g’ and 21,25 £ 1.35 pg g, respectively). However, the three cetacean species,
5. guianensis, P. blainvillei and 5. frontalis presented similar hepatic concentrations of As, Cu
and Ag. No gender differences were found on the bioac ion of trace el Hepatic
trace element accumulation was influenced by body length, according to the cetacean species.
S. guianensis, which co-habits the same coastal marine environment that £ blainvilfes species,
presented a significant difference between hepatic selenium concentration (20.70 + 32.22 pg g
and 3.24 £ 2.02 ug g, respectively). Based on these results, it is possible to conclude that, not
only the different environmental conditions, but also total length and mainly the feeding habit
infl 1the lation of trace el by the liver of these cetacean species.

Keywords: trace elements, liver of marine dolphin species, biological parameters, Rio de
Janeiro coast, GF-AAS

Introduction contaminants and pollutants, such as, organic matter, oil and
also a great number of others compounds, including trace

The industrial and urban development observed in the elements, to the marine environment.™* Some elements
last decades greatly increased the fluxes of various chemical such as selenium, arsenic and copper are of ecological and
biological interest because they are required as essential

*e-mail: terciaguedes @ gmail com nutrients in low concentrations for marine organisms and
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Essential (Se, Cu) and non-essential (Ag, Hg, Cd) elements: What are their
relationships in liver of Sotalia guianensis (Cetacea, Delphinidae)?

Tércia G. Seixas *®*, Helena A. Kehrig®, Ana Paula M. Di Beneditto®, Cristina M.M. Souza ¢, Olaf Malm®,

Isabel Moreira®

? Departamento de Quimica, PUC-Rio, 22453-500 Rio de Janeiro, Rf, Brazil

® {aboratdrio de Radiotsdtopos Eduarde Penna France, IBCCF-UFRY, 21541-902 Rio de faneiro, BRI, Srazil
“Laboratdrio de Ci¥ncins Ambientais, CEB-UENF, 28013-602 Campos des Goytacazes, B, Brazil

Cetaceans are very sensitive to environmental changes and have

et al, 1994; Becker et gl, 1995; Dietz et al,, 1996; 0'Shea, 1999;

heen considered good bi icators of envi al c

‘Wosk et al, 2001; Roditi-Elasar et al, 2003; Ikemoto et al,

tion {Capelli et al., 20007 The analysis of tissues from different spe-
cies of whales and dolphins has been used as a tool for the
assessment of marine pollution by trace elements {Caurant et al,
1994; Woshner et ak, 2001; Kunito et al, 2004; Seixas et al,
2007a). These organi have high | ial for accumulating
some trace elements, such as selenium {Se), copper {(Cu), silver
{Ag) mercury (Hg) and cadmium (Cd), since they have relatively
long life spans, and generally occupy a high trophic level in the
marine food chain (Woshner et al., 2001; Kunito et al, 2004). They
present high hepatic concentrations of these elements that are re-
lated to the role played by the liver in terms of pollutant bio-trans-
formation, metabolizing nutrients and essential elements as well
as removing some non-essential elements and toxins from the
bloodstream {Frodello et al., 2000).

Selenium and copper are recognized as ial el for
the normal growth and metabolism of aquatic mammals {Eisler,
2000). Conversely, silver, cadmium and mercury are exogenous
and harmful elements, which accumulate during growth {Feroci
et al, 2005). Selenium is reported to have an antidotal action on
the toxic effects of some heavy metals, e.g. mercury, cadmium,
and copper. Although silver is not currently a major concern with
regard to toxicity in mammals, it has been of some interest due
to its interaction with selenium. The interaction of Ag wi’lb Se dif-
fers from other selenium-metal interactions in that silver can in-
duce symptoms of selenium deficiency {Becker et al,, 1995). Until
now, most studies have focused on the contamination status of
Se, Cu, Hg and Cd in liver of cetaceans (Caurant et al., 1994; Capelli
et al, 2000; Gerpe et al, 2002; Kunito et al., 2004; Seixas et al.,
2007a). However, few data are reported concerning the concentra-
tions of silver in cetaceans (Becker et al, 1995; Woshner et al,
2001; Kunito et al, 2004; Dehn et al., 2006). Furthermore, exten-
sive studies of Se, Cu, Hg, Cd and Ag concentrations in cetaceans
have been carried out in the Morthern Hemisphere (Caurant

* Corresponding author. Address: Departament
E o de Janeiro, R, Brazil Tel ffax: +55 21
E-mail address: terciaguedes®grmailcom [T.G. §

o de Quimica, PUC-Rio, 22453~
339,

s,

0025-326X/S - see front matter © 2008 Published by Elsevier Lud.
doiz10.1016/j. marpalbul 2008, 12005

2004; Dehn et al., 2006; Stockin et al., 2007) but relatively little
is known about contaminant levels in Southern Hemisphere ceta-
ceans (Gerpe et al., 2002; Bustamante et al., 2003; Kunito et al,
2004; Seixas et al., 2007a, 2008; Lavery et al., 2008

The ohjectives of this study were to: { 1) evaluate concentrations
of essential {Se, Cu) and non-essential {Ag, Hg, Cd) elements in li-
ver; (2] assess their hepatic inter-element relationships; and (3)
determine whether these hepatic element concentrations differ
with gender and body length in 19 individuals of Sotalia guinnensis
{estuarine dolphin) incidentally caught in fishing nets along the
Morthern Rio de Janeiro {Brazil) (~21°8 to 22°5) between 1998
and 2005 {Fig. 1.

The biological charnc/t\urislics of 5 guignensis are presented in
Table 1. The classification of 5. gufanensis individuals into three
classes of age, calves, young and adults, was based on data con-
cerning their body length {Table 1), as it was not possible to deter-
mine the age of all individuals in the basis of the growth layers of
teeth. According to Di Beneditto and Ramos (2004), the average
length at birth of these dolphin individuals occurs when they pres-
ent a body length between 86.0 and 117.5 cm. However, estuarine
dolphins from the northern Rio de Janeiro reach asymptotic length
when they are approximately 6-years-old and 180 cm (males) or 6-
years-old and 160 cm long {females) (bi Beneditto and Ramos,
2004}, In this study, only three individuals were classified as calves
as they presented body lengths up to 117.5 cm. Individuals of estu-
arine dolphins with a body length up to 160 cm {females) and
180 cm (males) were classified as young, while females longer than
160 cm and males longer than 180 cm were classified as adults,

Liver samples from 19 individuals of estuarine dolphins were
supplied by the Biological Specimen Banking from the Bioscience
and Biotechnology Center (UENF). After dissection, samples were
stored in identified individual pullyelhylene bags and kept frozen
(—20°C) until the freeze-drying process. They lost around 70% of
their water content.

In homogenized dry samples Cu, Cd, Se, Ag and total mercury
{Hg) were determined by atomic absorption spectrometry

tec I 1 of liver ples (~100 mg dry wt.) were acid

Pollut. Bull. (2008}, doi:10.1016/j.marpolbul.2008.12.005
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