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ABSTRACT

Mercury distribution in the oceans is controlled dymplex biogeochemical cycles, resulting in
retention of trace amounts of this metal in matii@a. The impact of upwelling processes in this
metal behavior has been overlooked. Data fromalitee are insufficient to evaluate the risks
associated with the presence of mercury in theddkected in upwelling areas and its consumers.
Therefore, the aim of the present work was to perfa study of mercury speciation in four fish
species belonging to different trophic levels fr@@abo Frio-Brazil upwelling region. The total
mercury content vary of 53 ng g-8drdinella brasiliensis sardine) to 1215 ng g-ICynoscion
striatus - striped weakfish) and, with exception of the parorous fish, methylmercury levels
reaches circa 90% of total mercury concentration.

Resumo

A distribuicdo de Mercurio nos oceanos é controlpda um complexo ciclo biogeoquimico,
resultando na retencdo de pequenas quantidadestaantarinha. O impacto dos processos de
ressurgéncia costeira no comportamento desse taetadido negligenciado. Dados da literatura sao
insuficientes para elucidar o risco associado cqureaenca de mercurio em peixes capturados em
areas de ressurgéncia e seus consumidores. Pastabfetivo do presente trabalho foi realizar um
estudo de especiacdo de mercdrio em quatro espdeigeixes pertencentes a diferentes niveis
troficos da regido de ressurgéncia de Cabo FrimasiB O conteldo total de mercurio variou de 53
ng g-1 Gardinella brasiliensis sardinha) to 1215 ng g-Lynoscion striatus pescada) e, com
excegdo da espécie planctivora, os niveis de neztilimo atingem cerca de 90% da concentracédo
total de mercdrio.

Descriptors: Marine fish, Methylmercury, Food cha&ACW - South Atlantic Central Water.
Descritores: Peixes marinhos, Metilmercurio, Catiéifica, ACAS - Agua Central do Atlantico Sul.

INTRODUCTION The principal dietary source of neurotoxic
mercury compounds is the ingestion of speciesstf fi
The importance of fish consumption for in which methylmercury has accumulated (HARRIS et
humans is well established, they sustain poor abast 2003). Methylmercury from fish has been linked
communities and constitute their most importanfi€urological damage (Minamata disease) (GOYER et

source of proteins and omega-3 polyunsaturateyl fatfh: 2000) and increased risk of myocardial infarcti
acids (EGELAND and MIDDAUGHT, 1997; (GUALLAR et al, 2002). On the other hand, their

BURGER AND GOCHFELD, 2004). In spite of their Chronic Exposure to considerable concentrations of
benefits as food, fish are also well known to be &i€tary methylmercury impairs fishes’ reproductive

trophic link for the biomagnification of the mergur c@Pacity, Dy inducing apoptosis in steroidogenic
that is emitted from anthropogenic sources. gonadal cells (DREVNICK et al. 2006).
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In the case of mercury, the mainmajority of studies are devoted to freshwater or
contamination path to the aquatic and terrestriaéstuarine environments.
environments is through the atmosphere that is Brazil is the Latin American country with
constantly being enriched by anthropic inputs thathe greatest extension of territorial sea (3.6 iomill
spread the inorganic form of the metal worldwidekm? in the Atlantic Ocean. However, little is known
Although the inorganic form is relatively less toxin  about the concentration of mercury in marine figh o
the anoxic zones of aquatic ecosystems Hg maye South Atlantic. SILVA-FILHO et al. (2008), in a
undergo methylation that enables it to enter tophic  recent review of mercury accumulation in Brazilian
chain, thus affecting humans and constituting d&ish, found only 9 articles dealing with these spsc
significant toxic hazard, mainly for fishing including data on only 39 of them , 9 being sharks.
communities (ROSS, 1996). The Brazilian coast between 22°S (Cabo de

Fishing communities are spread throughouSao Tomé) and 28°S (Cabo de Santa Marta Grande) is
coastal zones but are largely concentrated in thene of the most important sites for marine fisheda
productive upwelling areas where the plentiful dupp the western coast of the South Atlantic Ocean. This
of fish is able to sustain a greater number o#rea consists of approximately 1000 Km of coastline
fishermen’s families. Although the surface covebgd influenced by coastal upwellings, including the Cabo
these upwelling areas accounts for less than 0.1% de Sao Tomé (22°S), Cabo Frio (23°S) and Cabo de
the world ocean, they are important for the worldSanta Marta Grande (28°S) (ROSSI-
fishery catch, representing 10 % of total productio WONGTSCHOWSKI and MADUREIRA, 2006;
(CHAVES et al., 2008). For instance, the northerrCALADO et al., 2010). Within this region, the codsta
Humboldt Current System off Peru produces more fishegion of Cabo Frio is where this phenomenon occurs
per unit surface than any other area of the océans. with greatest intensity. This site has great edohig
the other hand, the upwelling phenomenon is theamaand economic importance (fisheries and tourisngesin
route by which methylmercury is transferred frore th it is an area for the recruitment of species ligaids,
minimum oxygen zones to higher productive photicsardine and anchovy (VALENTIN, 2001). This
zones. Therefore, during the phytoplankton bloom imbundance of organisms during upwelling events
upwelling zones, the methylmercury formed in theprovides a source of food for species at the tofhef
deeper areas may be incorporated into the foochchdiood chain such as carnivorous fish, seabirds and
and reach humans. That is why the mercury trafmsfer marine mammals.
the upwelling environment should be observed more In view of the fact that the consumption of
closely than is necessary in other coastal areas. fish (which may contain high levels of MeHg) is the

Methylmercury is the fraction of total Hg main mercury transfer route to humans, this study
that is most efficiently transferred to the highlesels seeks to characterize mercury speciation in fish of
in the aquatic food chain (WATRAS AND BLOOM, different trophic levels in the Cabo Frio upwelling
1992). The organic form (MeHg) is absorbed fasteregion, Rio de Janeiro, Brazil.
and more efficiently than the inorganic #gspecies
and presents a longer biological half-life. The Srupy AReA

elimination of MeHg from aquatic organisms, The coastal region of Cabo Frio is located on
including fish, takes months (VAN WALLEGHEM et {he goutheastern coast of Brazil (23°01'S, 42°00'W,
al., 2007). Many studies have shown increasingiy 1) and is characterized by upwelling eventgeir

mercury concentrations from planktivorous fish topy" the wind (CARBONEL, 2003) that induces a

carnivorous ~ species  (AUGELLI et al., 2007 particularly dry climate (BARBIERI, 1984). The
MAURICE-BOURGOIN, et al., 2000; STORELLI, et cyastal upwelling and also the occurrence of hat an

al., 2005a). This indicates that methylmercury camr northeasterly trade winds are the main factors
concentrate progressively up the successive lirfks Pesponsible for the low rainfall (823 mm) in this
the aquatl(_: food _c_halr_1 reaching high concentratlon,%gion (BARBIERI, 1984). The land use in the Cabo
due to biomagnification (MASON et al, 1996). kg region is dominated by summer residences and
Furthermore, considering that almost 100 % of they,rism. Within the region there is only one indiast
mercury in predator fish is of thelorganic form;:s't lant (Alcalis National Company) that applies the
supposed that methylmercury is strongly linkedsg|yay process to produce sodium carbonate from

through covalent bindings to sulfidril groups Ofghels’ extracted from the neighboring Araruama
proteins (BLOOM, 1992). a

. . Lagoo

In the Southern Hemisphere, several studies g
hav_e reported total mercury contamination 'n_a(q“_at'productivity, due to the seasonal upwelling
environments and mercury accumulation in fislhhanomenon. The upwelling occurs generally after 3

(MIRLEAN et al., 2005; KEHRING et al., 2002; o 4 gays of constant 10-knot NE winds which bring
BOISCHIO and HENSHEL, 2000). However, the vaslyg|q deeper nutrient-rich water to the surfaceyltigy

This region is known for its elevated marine
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in a phytoplankton bloom. The sea surface temperatuwinds and associated downwelling. During these
that normally ranges from 20 to 22°C, may decrease periods, the warmer water approaches the coast. The
15°C, triggering an enrichment in nutrientthermocline depth fluctuates according to the isitgn
concentration of up to 10-12 uM N® and a and duration of the winds (CARBONEL, 2003).
phytoplankton production of up to 6 mg™L(in The four fish species of this study (sardine
chlorophyll a; CARBONEL and VALENTIN, 1999). Sardinella brasiliensis skipjack tuna Katsuwonus
The upwelling intensifies during the summer monthspelamis blue runner Caranx latus, and striped
under the influence of prevailing E-NE winds; theweakfish Cynoscion striatys are important fishery
surface water flows offshore due to Coriolis trasp resources exploited along the Rio de Janeiro State
and is replaced by the South Atlantic Central Watersoast and contributed with about one third (30.2%6)
(SACW). The SACW rises from a depth of 300 m andhe fishery production in 2006 (IBAMA, 2008). Some
reaches the surface in a coastal string extending f information regarding the classification, habitats,
km (RODRIGUES and LORENZZETTI, 2001). The alimentary habits and respective fishing areas are
upwelling waters are advected in a W-SW directiorshown in Table 1. Although the skipjack tuna is an
and affect the oceanographic conditions along theceanic species, during upwellings it approaches th
coast, reaching areas located 70 km or more to tlweast to benefit from the increased production. The
west of Cabo Frio (GUIMARAENS et al., 2005). Thisspecimens collected in this study were caught durin
pattern is reversed during the passage of frontaéhese periods. The other species use the upweliizey
systems from the South, with prevailing Southwesas their regular habitat.
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Fig. 1. Map showing the study area.



262 BRAZILIAN JOURNAL OF OCEANOGRAPHY, 59(3), 2011

Table 1. Classification, Habitat, Food habitat andurrence area of the fish species studied.

Common Family Species Habitat Food habit Fishing area
Name
Skipjack tuna Scombridae Katsuwonus pelamis Pelagic Piscivorous Oceanic
Striped weakfish Sciaenidae Cynoscion striatus Demersal Carnivorous Coastal Estuarine
Sardine Clupeidade Sardinella brasiliensis Pelagic Planktivorous Coastal Estuarine
Blue runner Carangidae Caranx latus Pelagic Carnivorous Coastal Estuarine
METHODS detection system MIP-AES used was an HP G2350A,

] _ a plasma detector which has been frequently used in

Samples of fresh fish were obtained frommercury speciation studies (Uria and Sanz-Medel,

local fishermen to assure its local origin. The s&® 1998). The coupling between GC and MIP-AES was
were conditioned in plastic bags and transportetbun yndertaken with a heated tubular transfer line of

cooling to the laboratory, where composite samplesilicon reaching a higher temperature than thahef
were prepared. The muscle tissue was removed fromc oven.

the dorsal-lateral area (in filets) and stocked in The validation of the analytical methodology
polyethylene bags at a sub-zero temperature (-20°Glas assessed by using two certified reference rahter
until analysis. (DORM-2 dogfish muscle tissue, NRCC and CRM

For the determination of mercury the710 oyster tissue, IRMM). Excellent recoveries
samples were lyophilized for 48 h to ensure thevarying from 88 to 98%, inorganic mercury and
complete removal of moisture. Immediatelymethylmercury, respectively) were obtained with a
afterwards, they were ground in an agate mortar t§imilar repeatability to that reported by NRCC and
obtain  homogeneous samples. Between eagRMM, thus validating the methodology employed.
pulverization, the mortar was thoroughly washedwit Blanks were run with every batch of 10 samples and
a nitric acid 10% v/v solution and then with U“]Mp the results are reported in n'd gna dry Weight basis,
water Milli-Q (<18 Q) to avoid cross-contamination. the detection limit being estimated at 0.2 ny for
0.50 g of the powdered muscle tissue samples wagth mercury species (Hgand MeHg).
placed in an extraction vessel together with 5 niL o External standards were used daily for the
ultrapure tetramethyl ammonium hydroxide (TMAH, correction of possible mercury losses during the
25% wiw). This mixture was then placed in an opemxtraction and derivatization steps of the biolabic
microwave system and submitted to an irradiation ofamples and also for the detection of eventualixnatr
40W, for 3 min. The extracts obtained were stored ieffects. The total mercury (HgT) concentrations ever
ultra-clean glass tubes for later mercury speaiationot measured. However, due to the analytical
analysis. Detailed information on this procedureymamethodology employed the value of HgT can be

be found in MONPERRUS et al. (2005). considered as being the sum of Hgplus MeHg
The extract obtained (2 mL) was transferrecconcentrations.

to a glass tube and the solution then bufferedHatp

with 5 mL acetic acid-sodium acetate solution (@)L

One mL of iso-octane and 1 mL of tetrapropylborate

(1% w/w) were added for derivatization reactionlse T Table 2 shows concentrations of each

glass tube was then closed, shaken by hand for 5

minutes and centrifuged at 2500 rpm for 15 minutes, < cUTY Species present in the sample extracts. In

The concentrated mercurial species in the iso-ectargeneral’ the total Hg concentrations in the fishhos

. ) - “tegion are lower than the data given in the liteat
phase were separated with pipettes and stored in . S . S
L . o ; or Sardinella brasiliensis species (pelagic fish
injection vial at -18°C until measurement.

The mercury species determination Waslnhabltlng coastal waters) the total mercury

i i L ." ~“concentration is around 1.7 to 10 times lower than
undertaken in the Laboratoires de Chimie AIq"’llyt'qm?t‘hose observed in the Mediterranean Sea and on the

Bio-Inorganique et Environnement of the UniVersnel’unisiam coast foSardina pilchardugJOIRIS et al.

de Pau et des Pays de I'Adour, France, using t 99). Moreover, the specikstsuwonus pelamiaso
hyphenated techniques of Gas Chromatography an ' d | ! lp petan h
Microwave Induced Plasma  Atomic EmiSSionpresente ower total mercury concentrations than

those reported in studies of the tuna species ef th

Spectrom_rer;rreyéﬁr(gmtz-ﬁgsgi.c separation of merCUIrWestern Indian Ocean (KOJADINOVIC et al., 2006)
) grap p CUNYand Mediterranean Sea (CABANERO et al., 2004;
species was performed using a GC HP 6890, with

injection volume of 2 pL, each analysis taking abou ORELL'. et al, 2005_>a)._ The higher mercury
10 minutes. Gas chromatography is an efficient an ncentrz;)tlons %bse(rjved ;]n ff'Sh '?] theh I\_/Iedlterranea
effective technique, currently used in environment ea can be attributed to the fact that their watezs

evaluations (URIA and SANZ-MEDEL, 1998). Theatlmes richer than those of the Atlantic (BALDI, 1984

ResuLTs anDDiscussion



Table 2. Total, organic (methylmercury) and inotigafiig?*) mercury concentration in four marine fishes from
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Cabo frio region. All concentration values are egsed in ng §(dry weight).
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Fish species length (cm Mercury species (ng’odry Site Reference
weight)
Methylmercury Inorganic mercury Total mercury
CH;Hg" Hg?
range (mean+SD)
bsrzrs(ljl:';i!l 1321 180-1269 | 303-1527 | 53.0-229.7 | AtlanticOcean: | ..
(n=25) (49.9+21.9) | (77.9+31.4)| (127.8+45.0) | Southeast Brazil Y
Sardinella aurita ; } } (90) Atlantic Ocean Romeoet al
(n=4) Mauritania (1999)
Sardinella aurita Mediterranean Joiriset al
(n=115) (18.7) - - (320) Sea: north/east (1999)
Tunisia
Sardinella aurita Mediterranean .
(n=32) (18.5) - - (190) Sea: south J"('lrgss)a'
Tunisia
Sardina
pilchardus ; ) } Cabafieret al
(n=5) (280) (300) Spain (2004)
Sardina .
pilchardus a7.2) : R 270 - 750 g:;'t:éﬁ:z:gt Joiriset al
(n=49) ' (415) ‘I.'unisia (1999)
Sardina .
pilchardus 17.4) : R 190 - 400 Mesi'rrsriﬂfhan Joiriset al
(n=38) ' (260) Tuﬁisia (1999)
Sardina
p"(ﬁ*;agrsd)us 14 - 23 (18) - - *(55) North Atlantic Thibaud (189
Sardina
pll(ﬁr;%%d)us - - - 550-2050 Thyrrhenian Seg Bernhard (198
Caranx latus 27.36 67.0 - 309.6 4.7 -23.6 90.6 - 314.3 Atlantic Ocean: This stud
(n=3) (198.1+22.7) | (11.6+10.4) | (210.5+112.7)| Southeast Brazil Y
Caranx caninus ; } } 332 Pacific Ocean Ruelas-Inzunza
(n=6) Mexico: et al (2008)
Caranx hippos ) *880-1540 Atlantic Ocean
(n=4) 67 - 68 (1170) Suriname Mol et al (2001)
Cg’trr‘l‘;?ﬁg’" 0255 117.1-1126 | 3.1-89.2 | 1426-12152 | Adantic Ocean: | .
(n=6) (435.4+61.7) | (30.9+32.7)| (466.4+389.2)| Southeast Brazil Y
Cg:&iﬂog 35.50 } } *65.3-126.9 Atlantic Ocean: Kutteret al,
9 () p (88.8) Southern Brazil (2009)
Cynoscion Atlantic Ocean: ]
guatucupa (43.2) - - <150-810 (350) Uruguayan Vléngoest)al
(n=11) Coast
Cynoscion N Estuaries:
acoupa 39.1-90.0 - - 90 -340 (180) Suriname Mol et al (2001)
(n=8)
Cynoscion L
virescens 38.5-78 - - *70-630 (290) Eitrllj:;ﬁsé Mol et al (2001)
(n=38)
Cynoscion ) 1600 - 2470 ) 22102610 | Auantic Ocean | yannaneral
(n=2) (2040) (2410) (USA) (1998)
Katsuwonus 21-33 154.2 - 227.9 3.0-21.2 158.2 - 238.7 Atlantic Ocean: This stud
pelamis(n=4) (199.1 +£32.6) | (10.4+38.6) (209.5 + 36.2) | Southeast Brazil Y
Katsuwonus 41 - 85 (68) - - (670) Western Indian Kojadinovicet al
pelamis (n=39) Ocean (2006)
Katsuwonus - - - (340) Western Indian | Matthews (1983)
pelamis (n=5) Ocean
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The muscle tissues from the sardine speciddowever, the largest concentration range observed f
presented the highest inorganic mercury contents tiie blue runner (a carnivorous species) is probdbéy
the fish species studied, probably due to their lowo its more diverse feeding habits than those ef th
capacity to methylate the mercury obtained from thether piscivorous species (skipjack tuna).
water. Data from the literature (MOREL et al., 1998) Brazilian quality criteria legislation for
show that inorganic mercury corresponds to 70 - 90%ercury in commercialized fish establishes maximum
of mercury levels found in surface marine watersvalues of 500 ng §and 1,000 ng g for omnivorous
Furthermore, due to their feeding habits, sardineand carnivorous species, respectively (ANVISA,
incorporate mercury from phytoplancton which do notLl998). Of all the fish studied, the striped wedkfigas
methylate mercury, thus presenting low concentnatio the only species that showed a mercury concentratio
of the organic form (SILVA, 20086). Accordingly to (1215 ng &) above those limits, in the largest fish - in
SILVA (2006), inorganic mercury is the predominanttotal length (TL) - of this species. Significantsiive
form (above 70%) found in the phytoplankton andcorrelations between the total length (TL) and ltota
zooplankton of the study region. The results of thenercury concentration (THg) as well as between TL
other three fish species show that organic mer@iry and organic mercury concentration were observed for
the predominant form, reaching 90% of the total all the species studied.
mercury concentrations. This behavior can be According to ROLFHUS and
attributed to the fact that all the other fishee arFITZGERALD (1995), in upwelling waters the
carnivorous, feeding on other species that conatntr amount of methylated mercury and its transference t
methylmercury and thus engender biomagnificatiorthe trophic web is four times greater than in tgpic
Furthermore, the selective enrichment of the omanicoastal waters. However, the low methylmercury
species is also due to the low excretion rateconcentrations found in this study suggest thatethe
engendering a higher turn-over time in the fishesinay be some processes that regulate its availabilit
tissues (BLOOM, 1992). Some authors also report thaurface waters. One of the processes that might be
higher trophic chain level fishes are capable ofdvanced is photocatalytic organic  mercury
converting inorganic mercury into methylmercurydecomposition in surface waters that have been
(GANTHER and SUNDE, 2007; MASON et al., exposed to intensive sunlight (SELLER et al., 1996)
2000) Moreover, inorganic mercury can also be

It may be noted in Table 2 that the lowestphotoreduced by other biotic and abiotic mechanisms
methylmercury values were found in sardingNRIAGU, 1994; ANDERSON et al., 2007).
(planktivorous species) and the highest ones ipestr
weakfish (a carnivorous one). KANNAN et £1998) ConcLusion
found high values of methylmercury in striped Mercury speciation in the tissues of fish of
weakfish off.southern Florida, four times highearth _upwelling areas seems to be determined by their
those occurring on the Cabo Frio Coast, demonstratindeging habits and environmental concentrations. As
the important role of this species in the mercunypqered elsewhere, the concentrations of mereury i
transfer studies of Atlantic Ocean fish. CHOY et alyna \waters of the Atlantic are lower than thosatbin
(2009) observed that demersal carnivorous Specigse Mediterranean, engendering lower concentrations
present a greater tendency to incorporate meréany t ,rqughout the trophic chain. Due to the consistent
do the pelagic ones. This is attributed to the grea pjomagnifications of methylmercury through the
mercury availability gt the water-sediment mtge‘ac trophic chain, carnivourous fishes present higher
due to the methylation processes that occur in thigyncentrations of the organic form. Nonetheless, th
system. MONTEIRO et al. (1996) verified an increasgyanktivorous species seem to accumulate significan
in mercury levels in fish from greater depths, withymounts of inorganic mercury, the concentrations of
higher mercury content in species from mesopelagighich are higher than those in carnivorous fish.
than from epipelagic habitats. Despite a lack of clarity regarding the methylation

The  increase  in methylmercury mechanism within a fish’s body, this is also a dact

concentration along the trophic chain has beefyat myst be involved in the control of methylmeycu
observed in previous studies (AL-MAJED andqqncentrations in planktivorous fishes.

PRESTON, 2000; STORELLI et al., 2005b), which The total mercury levels presented in this
!ndlcates that this organic mercury concentratian ¢ study are below the maxima permitted by Brazilian
increase progressively toward the more elevateflgigiation for fishery products, with the exceptiof
trophic levels, due to biomagnification (MASON etyye cynoscion striatusThese results point to the need
al., 1996; SCHAANNING et al., 1996). for a broad evaluation of methylmercury levelsishf

. The other two species (blue runner andpayjive below the thermocline, in view of the fititat
skipjack tuna, both from the pelagic zone) presénteihis anoxic zone favors the methylation of mercury
similar average methylmercury concentrations.



SILVAT AL.: FISH MERCURY FROM CABO FRIO UPWELLING 265

that will enter the trophic chain, causing sigrafit CAMPO, D., MOSTARDA, E., CASTRIOTA, L,

biomagnification throughout the food chain. SCARABELLO, M.P., ANDALORO, F. Feeding habits
of the Atlantic bonitoSarda sarda(Bloch, 1793) in the
A CKNOWLEDGEMENTS southern Tyrrhenian Seé&ish Res.,81(2-3): 169-175,
2006.

The authors are grateful to the Instituto deCARBONEL, C. A. A. H.; VALENTIN, J. L. Numerical
Estudos do Mar Almirante Paulo Moreira (IEAPM)  modelling of phytoplankton bloom in the upwelling
for their assistance and to the Coordenacdo de e€cosystem of Cabo Frio (Brazifcol Model., 116: 135-
Aperfeicoamento de Pessoal de Nivel Superior 148, 1999. _ ,
(CAPES) for its research fellowship to C.A. Silva, ©ARBONEL, C. A. A. H. Modeling of upwelling-

. . . . downwelling cycles caused by variable wind in ayver
This study is part of the project of transfer oftenzls sensitive coastal systef@ont Shelf Res. 23: 1559-578,

in the continent-ocean interface of the Instituto g3
Nacional de Ciéncia e Tecnologia (INCT-TMCOceancHAVES, F. P., BERTRAND, A., GUEVARA-
573-601/2008-9) CARRASCO, R., SOLER, P., CSIRKE, J. The northern
Humboldt Current System: Brief history, presentugta
REFERENCES and a view towards the futur@rog Oceanogr.,79: 95-
AL-MAJED, N. B., PRESTON, M. An assessment of theCH(%sjs‘CZ.(f?.POPP, B. N., KANEKO, J. J., DRAZEN.G.
total and methylmercury content of zooplankton fisial The influence of depth on mercury levels in pelagic

tissue collected from Kuwait territorial waterMar fishes and their preyPNAS, 106 (33): 13865-13869,
Pollut Bull 40, 298-307. 09

20
Anderson M, Gardfeldt K, Wangberg |, Sprovieri Fréhe DREVNICK. P. E.. SANDHEINRICH. M. B.. ORIS. J.T.
N, (2007) Seasonal and daily variation of mercury = ,creaged ovarian follicular apoptosis in  fathead

evasion at coastal and off-shore sites at the ; ; ;
; ) : minnows Pimephales promelysexposed to dietary
Mediterranean Se&lar Chem; 104: 214-226, 2000. methylmercuryAquat Toxicol., 79: 49-54, 2006.

ANVISA Agéncia Nacional de Vigilancia Sanitaria, rieia EGELAND, G. M., MIDDAUGH, J. P. Balancing fish
685 27 ~de agosto de 1998, htpfie-  congumption benefits with mercury exposuejence.,
legis.bvs.br/leisref/public/search.php, Last acdesiuly 278 (5345): 1904-1905, 1997.

2009. GANTHER, H. E., SUNDE, M. L. Factors in fish modifyg

AUGELLI, M. A, MUNOZ, R. A. A., RICHTER, E. M. L ; ;
’ ’ ' ’ T methylmerc toxicity and metabolisnBiol Trace
CANTAGALLO, M. I, ANGNES, L. Analytical Elom Roe 116, 291 935 2007 ISl

procedure for total mercury determination in fislaesl GOYER, R. A. (Chaifjet al, Toxicological Effects of

shrimps by chronopotentiometric stripping analyats Methvimercury (Nafional Academy Press. Washington
gold film electrodes after microwave digestidrood DC 2y000) pup)éé& ' Y ' ington,

Chem 101: 579'58‘_1’ 2007. o GUALLAR, E., et al., Mercury, fish oils, and theski of
BARBIERI, E. Cabo Frio e Iguaba Grande, dois mibmas miocardial infarctionN. Engl. J. Med.,347(22): 1747-
distintos a um curto intervalo espacial. In: Laeetd, 754 2002.

Aratjo DSD, Cerqueira R, Turcq B Eds.), Restingasg ;iMARAENS. M. A. PAIVA. A. M.. COUTINHO. R
Origem, estrutura, processos. CEUFF, Niter6i, 1984. Modeling Ulva spp dvnamics in a tropical ellin
BALDI, F. The biogeochemical cycle of Mercury ineth regionI.E%oI \l\l/lodg]l.p 18y8: 44I8-46|30 2005?' upwetling
Tyrrhenian ~ Sea. FAO  Fisheries  Report 325,  |jaRRIS, H. H., PICKERING, I. J., GEORGE, G. N. The
supplement, 29-43, 1984. Chemical Form of Mercury in Fistcience.301: 1203
BERNHARD, M. Mercury accumulation in a pelagic food 2003'| try in ISt R '
chain. In Environmental inqrganic chemistry, edsEA. IBAMA. Estatistica da pesca 2006 Brasil: grandegdes e
Matertell and K. J. Irgolic, Deerfeld Beach/CH unidades da federaco. Brasilia: IBAMA. 2008.

Publishers, Florida, 1985, pp. 349-358. JOIRIS, C. R., HOLSBEEK, L., MOATEMRI, N. L. Total
BLOOM, N. S. On the chemical form of mercury in leldi and methylmercury in sardineSardinella aurita and

fish and marine invertebrate tissderish Aquat Sci49: Sardina pilchardusrom Tunisia.Mar. Pollut. Bull., 38
1010-1017, 1992. ) . (3): 188-192, 1999.

BOISCHIO, A. A. P, HENSHEL, D. Fish Consumption, ANNAN. K.. SMITH. R.G. Jr.. LEE. R. F.. WINDOW. H
Fish Lore, and Mercury Pollution-Risk Communication L. I—’|E|;|"MULLEI,? 'p'. -|- MAC.AU.I’_EY J. M -
for the Madeira River People. 200&nviron Res SUMMERS, J. K. Distribution of Total Mercury and

Section A,84: 108-126, 2000. ) . Methyl Mercury in Water, Sediment, and Fish from
BURGER, J., GOCHFELD, M. Mercury in canned tuna:  gouth Florida EstuariesArch. Environ. Contam.

white versus light and temporal variatidnviron Res., Toxicol.. 34. 109-118. 1998
96: 239-249, 2004. _ KEHRIG, H. A, COSTA, M., MOREIRA, I., MALM, O.
CABANERO, A. I., MADRID, Y., AMARA, C. C. Selenium

Lo o o Total and methylmercury in a Brazilian estuary, B®

and mercury accessibility in fish samples: an itrovi JaneiroMar. Poilut. Bull.. 44: 1018-1023. 2002
digestion methodAnal Chim Acta., 526: 51-61, 2004. KOJADINOVIC' 3. 'POTl'IlzR ' M. LE éORRE M.

CALADO, L DA SILVEIRA, I C. dd; COSSON, R. P., Bustamante, P. Mercury content in
GANGOPADHYAY, A., DE C~ASTRO', B'Mo' Eddy- commercial pelagic fish and its risk assessmerthé
induced upwelling off Cape S&o Tomé (22°S, Brazil).  \yestern Indian OcearSci. Total Environ., 366: 688-
Cont. Shelf Res.330: 1181-1188, 2010. 700. 2006.



266 BRAZILIAN JOURNAL OF OCEANOGRAPHY, 59(3), 2011

KUTTER, V. T., MIRLEAN, N., BAISCH, P. R. M., RUELAS-INZUNZA, J., MEZA-LOPEZ, G., PAEZ-

KUTTER, M. T., SILVA-FILHO, E. V. Mercury in OSUNA, F. Mercury in fish that are of dietary
freshwater, estuarine, and marine fishes from Swoth importance from the coasts of Sinaloa (SE Gulf of
Brazil and its ecological implicationEnviron Monit California).J Food Compos Anal.,21: 211-218, 2008.
Assess.,159: 35-42, 2009. SCHAANNING, M. T., HYLLAND, K., ERIKSEN, D. @.,
MASON, R. P., REINFELDER, J. R., MOREL, F. M. M. BERGAN, T. D., GUNNARSON, J. S., SKEI, J.
Bioconcentration of mercury and methylmercufyater Interactions between eutrophication and contamaht
Air Soil Poll., 80: 915-921, 1996. Mobilization and bioaccumulation of Hg and Cd from
MASON, R. P., MCALOON, K. M., LEARNER, J. J, marine sedimentdMar Pollut Bull.,, 1-6 (33): 71-79,

LAPORTE, J. M., ANDRES, S. 2000. Factors 1996.

controlling the bioaccumulation of mercury and SELLER, P., KELLY, C. A, RUDD, J. W. M,
methylmercury into benthic invertebrates and fishies MACHUTCHON, A. R. Photodegradation of
Nriagu, J. (Ed.), International Conference on Heavy methylmercury in lakesNature, 380: 694-697, 1996.
Metals in the Environment. University of Michigatan ~ SILVA-FILHO, E. V., KUTTER, M. T., KUTTER, V. T,,

Arbor, MI. LACERDA, L. D. Mercurio em peixes no Brasil e sua
MATTHEWS, A. D. Mercury content of commercially(?) implicacdo ecologica: revisdo bibliografica. Intl

important fish of the Seychelles, and hair merdavels Congresso Brasileiro de Oceanografia CBO'2008, |

of a selected part of the populatidnviron Res., 30: Congresso Ibero-Americano de Oceanografia - | CIAO.

305-12, 1983. Fortaleza (CE), 20 a 24 de maio/2008.
MAURICE-BOURGOIN, L., QUIROGA, I, http://www.institutomilenioestuarios.com.br/pdfstieg

CHINCHEROS, J., COURAU, P. Mercury distribution acao_Eventos/10_CB0O2008/resumos/02.pdf
in waters and fishes of the upper Madeira expogure STORELLI, M. M., GIACOMINELLI-STUFFLER, R.,

riparian Amazonian populationsSci Total Environ., STORELLI, A, MARCOTRIGIANO, G. O.
260: 73-86, 2000. Accumulation of mercury, cadmium, lead and arsémic
MIRLEAN, N., LARNED, S. T., NIKORA, V., KUTTER, V. swordfish and bluefin tuna from the Mediterrane@a:S
T. Mercury in lakes and lake fishes on a consermatio a comparative studyMar Pollut Bull., 50: 993-1018,
industry gradient in BraziChemosphere.,60: 226-236, 20052,
2005. STORELLI, M. M., STORELLI, A., GIACOMINELLI-
MOL, J. H.,, RAMLAL, S. J.,, LIETAR, C., VERLOO, M. STUFFLER, R., MARCOTRIGIANO, G. O. Mercury
Mercury contamination in freshwater, estuarine, and speciation in the muscle of two commercially impott
marine fishes in relation to small-scale gold minin fish, hake Klerluccius merluccigsand striped mullet
Suriname, South Americ&nviron Res A, 86: 183- (Mullus barbatuy from the Mediterranean Sea:
197, 2001. estimated weekly intakezood Chem., 89: 295-300,
MONPERRUS, M., POINT, D., GRALL, J., CHAUVAUD, 20089,
L., AMOUROUX, D., BAREILLE, G., DONARD, O THIBAUD, Y. Utilisation du modéle de Thomann pour
Determination of metal and organometal trophic linterprétation des concentrations en mercure des
bioaccumulation in the benthic macrofauna of theuxd poissons de |AtlantiquéAquat. Living Resour., 5: 57-
estuary coastal zone (SW France, Bay of Biscady). 80, 1992.
Environ Monitor., 7: 693-700, 2005. URIA, J. E. S., SANZ-MEDEL, A. Inorganic and
MONTEIRO, L. R., COSTA, V., FURNESS, R. W, methylmercury speciation in environmental samples -

SANTOS, R. S. Mercury concentrations in prey fish Review.Talanta., 47: 509-524, 1998.
indicate enhanced bioaccumulation in mesopelagi¥AN WALLEGHEM, J. L. A., BLANCHFIELD, P. J.,

environmentsMar Ecol-Prog Ser.,141: 21-25, 1996. HINTELMANN, H. Elimination of Mercury by Yellow

MOREL, F. M. M., KRAEPIEL, A. M., AMYOT, M. The Perch in the Wild Environ Sci Technol., 41: 5895-
chemical cycle and bioaccumulation of merculynu 5901, 2007.

Rev Ecol Syst.,29: 543-566, 1998. VALENTIN, J. L. The Cabo Frio Upwelling System, Bila

NRIAGU, J. O. Mechanistic steps in the photoredurctof In: Seeliger, U.; Kjerfve, H. (Ed.)Coastal Marine
mercury in natural water§ci Total Environ., 154: 1-8, Ecosystems of Latin AmericaBerlin: Springer-Verlag,
1994. 2001. 97-105 p.

RODRIGUES, R. R., LORENZZETTI, J. A. A numerical VIANA, F., HUERTAS, R., DANULAT, E. Heavy Metal
study of the effects of bottom topography and diveest Levels in Fish from Coastal Waters of Urugudych
geometry on the Southeast Brazilian coastal upmeelli Environ Contam Toxicol., 48: 530-537, 2005.

Cont Shelf Res., 21: 371-394, 2001. WATRAS, C. J., BLOOM, N. S. Mercury and

ROLFHUS, K. R., FITZGERALD, W. F. Linkages between methylmercury in individual zooplankton  for
atmospheric mercury deposition and the metylmercury  bioaccumulation.Limnol Oceanogr., 37: 1313-1318,
content of marine fishwater Air and Soil Poll., 80: 1992.
291-297, 1995. . -

ROSS, M. A. Methylmercury. Health Eff. Rev. 1: 11896. Sources of Unpublished Material

ROSSI-WONGTSCHOWSKI, C. L. D. B.,, MADUREIRA, SILVA, C. A. Especiacdo do mercurio na cadeia t@bfi
L. S. O Ambiente Oceanografico da Plataforma pelagica de uma costa sujeita a ressurgéncia, Béabe
Continental e do Talude na Regido Sudeste-Sul do RJ. PhD Thesis in Geociéncias. Universidade Federal
Brasil. Editora da Universidade de S&o Paulo 2006, 472 Fluminense, Niter6i, Brazil, 2006.
pp. ISBN: 8531409489.

(Manuscript received 20 March 2009; revised
05 May 2009; accepted 13 July 2009)



