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ABSTRACT

Thirty specimens (15 adults and 15 juvenilesChélonia mydas found in the Cananéia estuary in
the state of S&o Paulo on the southeastern Brazibast between January 2005 and September
2006, were analyzed The concentration€£df Cu, Pb, Mn and Ni in liver and kidney samplés o
adult and juvenile green turtles were determined-layne Atomic Absorption Spectrophotometry
The average Cd concentration found in adult i{@r§7ug.g*) was significantly higher than that in
juveniles (0.27@g.g"). Cu concentrations were significantly higher fie tiver than in the kidney,
and significantly higher in adults (3§.g%) than in juveniles (201%.¢g%). Average Mn
concentrations in liver and kidney did not diffetiveen adults (4.32 and 4ik¥g") and juveniles
(4.81 and 3.82g.g%), whereas Ni concentrations in adults (0.28 @idug.g*, respectively) were
significantly higher than in juveniles (0.13 an®®8ug.g*, respectively). Pb concentrations in liver
were significantly higher in adults (0.33.g" than in juveniles (0.0f.g"). The concentrations of
essential trace elements @helonia mydas were generally comparable to values reported ferot
similar studies. With respect to non-essentialatsefCd, Pb and Ni)Chelonia mydas presented
lower values than those reported for their northttantic counterparts.

Resumo

Analisou-se 30 espécimes (15 adultos e 15 juvel€helonia mydas encontradas no estuario de
Cananéia, Estado de Sdo Paulo, regido sudestetelargeriodo de janeiro de 2005 a setembro de
2006. Foram determinados no figado e rins de aslalfavenis d€. mydas os seguintes metais: Cd,
Cu, Pb, Mn e Ni, através de Espectrofotometria dmsofcdo Atdmica Verificou-se que as
concentragdes médias de Cd no figado de adul®s7(@.g") foram significativamente diferentes
em relagéo a dos juvenis (0,2i69g"). As concentracdes médias de Cu no figad6.deydas foram
diferentes em relagdo ao rim. Houve diferenca tambétre os figados de adultos (3®%") e
juvenis (20,7i9.g%). Os valores médios de Mn encontrados no figadimendo diferiram entre
adultos (4,32 e 4,1i0.g%) e juvenis (4,81 e 3,88.¢g"). Ja as médias das concentragbes de Ni no
figado e rins de adultos (0,28 e Qu%*) foram diferentes das dos juvenis (0,13 e Q,88§").
Entretanto, as concentragées de Pb no figado farigmificativamente mais altas em adultos
(0,37%ug.g%) do que nos juvenis (0,06.g%). As concentracdes dos elementos tracos esseanidis
mydas foram comparaveis aos valores registrados em ®wrtudos. Quanto aos metais nao
essenciais (Cd, Pb e Nif. mydas apresentou uma menor concentragdo em relaca@iatradas
para o Atlantico Norte.

Descriptors: Green turtle, Heavy met@helonia mydas, Concentration, Liver, Kidney, Sea turtle.
Descritores: Tartaruga verde, Metal pesatiwlonia mydas, Concentracdo, Figado, Rim, Tartaruga
marinha.

INTRODUCTION Pelagic species have higher levels of
mercury and cadmium than most inshore species, and
Sea turtles offer a number of particularNiCh°|S°” and Osborn (1983) concluded that the

advantages as indicators of heavy metal pollutioffV€!S were natural rather than a consequence of
(LAM et al., 2004). They have been exhaustiveI)POHUt'O“' reasoning that pollution py heavy metgls
studied and as they feed at the upper trophicdeskel Would be more likely to affect inshore species
oceanic ecosystems can provide information on th@/UIRHEAD; FURNESS, 1988). Similarly, high
extent of contamination throughout the food chainl€Ve!S of metals occur in some sea turtles where
Metal levels in sea turtles may give a better peewf ~ POllution  effects are reasonably assumed to be
hazards to humans than do measurements taken in {RgliMal (ANAN et al., 2002). However, atmospheric

physical environment, such as those taken in plants ransport of metals and selective uptake or stobage
invertebrates (ANAN et al., 2002). marine organisms could cause increases in pelagic

ecosystems (BRYAN, 1984; BARBIERI et al., 2007).
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Sea turtles are excellent subjects for the examimat the Universidade Federal de Sergipe and storeeifro
of heavy metal concentrations because they are longntil analyzed. After biometric measurements and
lived, feed at various trophic levels, and at vagyi weighing, the animals were dissected and the kisiney
distances from land. Due to their high conservatiomand livers were removed.
status, there is increasing interest in these eyetad Reagents. All reagents were of analytical
species throughout the world (LAM et al., 2004).grade. High purity water (Millipore Milli-Q System)
Several recent reports have documented a decline was used throughout. The stock solutions of metals
sea turtle populations, which have been attributed (1000 mg.g) were obtained by dissolving the
pollution, including marine debris, tar balls andappropriate salts of the corresponding metals.
plastics (TOMAS et al, 2002), and toxic Concentrated nitric acid (65%) and perchloric acid
contaminants, including trace elements and hea\p9%) were used to digest the samples. Standard
metals (SAKAI et al., 2000; ANAN et al., 2002).idt Reference Material (SRM) of oyster tissues (No.
conceivable that metals may play a role in reducin@566b) from the National Institute of Standard
sea turtle populations, and the most frequentlifechnology (NIST) was used to validate the method.
monitored elements have been lead, mercury ar8hmple pretreatment and microwave digestion. The
cadmium. samples were dried in a furnace equipped with an ai
Previous monitoring studies of heavy metalscirculation system at 60°C for 48 h, and homogenized
in sea turtles have been undertaken in Japanesssing a porcelain mortar. Then they were dissobsed
Chinese, European and American coastal watersicrowave digestion (Anton Paar Multiwvave, A-8054
(SAKAI et al., 2000; TOMAS et al., 2002; LAM et al. Graz, Austria-Europe) using a system of rotors with
2004); however, no such work has been carried out ix positions (6MF100). Approximately 400 mg of
the Brazilian coast. In the present study measurtame dry sample was treated with a mixture 2:1 HNGQO,
of cadmium, copper, nickel, manganese and leaahd placed into the TMF vessel of the Parr reactor.
levels were made in tissues of green turif@wlponia The vessel was closed and heated for 20 min in the
mydas) that feed in Cananéia estuary, Brazil, wherenicrowave oven. After cooling, the reactor was
local pollution by heavy metals is presumablyopened. Then the entire resultant solution was
negligible or non-existent. The specific objectigB  quantitatively transferred to a 50 ml volumetriasik,
this paper was to compare the concentration ofyneawand the remainder made up to 50 ml with ultrapure

metals in adults and juveniles of green turtlestualy
quite new in Brazil.

MATERIALS AND METHODS

Collection and storage of turtles. Cananéia

water. The solution was stored at 4°C in polyethglen
bottles until it was analyzed.

Cd, Cu, Ni, Mn and Pb were determined
using a Flame Atomic Absorption Spectrophotometry
(AA-6800, Shimadzu Co. Ltd, Japan) equipped with
background correction BCG-D2. The instrumental

estuary is situated in the state of Sdo Paulo,hen tadjustments made were those recommended by the

southeastern Brazilian coast and is an importartepla
for the feeding and juvenile development of green

manufacturer’s manual.
All element concentrationsig.g?) in organs

turtles. The fresh tissues of 30 specimens (15tgdul Were expressed on a dry weight basis. As an apalyti
15 juveniles) recently dead found along the estua@uamy control, standards of oyster tissue were

between January 2005 and September 2006, wergalyzed using the same procedure. >S
Immediately after collection, the tissue§btained were in good agreement with the certified

analyzed

The results

were brought to the Laboratory of Ecotoxicology ofvalues as shown in Table 1.

Table 1. Observed and certified valugg).(®) of concentration of elements in SRM (oyster
tissues No. 1566b) shown as means + S.D. Each isatbe average of three separate digestions.

Element Observed value Certified value Recovery (%)
Cd 2.50+0.04 249 +0.05 99.6
Cu 70.0% 1.2 707+ 1.4 101
Ni 120+ 0.18 1.17 + 0.05 97.5
Mn 184+ 1.1 185+ 0.3 100.5
Pb 0.310 + 0.080 0.308 + 0.005 99.3
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The average distribution of heavy metals in Discussion
the green turtles was assessed using analysis of
variance (ANOVA). The comparisons were made The concentrations of essential trace

with Tukey's multiple comparison tegp< 0.05), in  glaments in green turtles were generally comparable
the kidneys and liver of adults and juvenilesyg yaiues reported in others studies. As regaods
respectively. essential metals, some marine turtle species can
accumulate considerable body burdens of Cd and/or
Pb. In this study, green turtles had smaller vathes
Concentrations of the elements analyzed ithose reported for their northern Atlantic, Japaressd
the livers and kidneys of adult and juvenile greerChinese counterparts; however, | cannot determine if
turtlesare presented in Table 2. Cadmium levels werthis is due to smaller concentrations of these Iné@ta
significantly higher in the kidneys than in thedifor  the South Atlantic, or to dietary differences betwe
all samples. There was no statistical difference ipopulations from different feeding grounds. Studiés
cadmium concentration between the kidneys of adulthe sea turtles provide the best means of assetfwng
and juveniles (F = 3.35; P = 0.06). However, cadmiu impact of metal pollution due to fishing weightsdan
concentration averages in the liver of juvenilegeve has focused attention on the quantities of metiisgh
significantly lower than those in adults (F = 4.99= discarded in the seas. For this reason, therenised
0.03) (Fig. 1A). Copper concentrations werefor monitoring efforts to help conserve these atéma
significantly different between liver and kidney § Green turtles are highly mobile, and the migration
32.36; P < 0.001), and there was a significantlistance between feeding and breeding sites can be
difference in liver concentrations between adufid a from hundreds to thousands of kilometers (PLOTKIN,
juveniles (F = 45.48; P < 0.001) (Fig. 1B). As refgar 2003). It is conceivable that contaminants founthm
manganese, its concentrations in liver and kidnidy dtissues of marine turtles can be attributed to ¢tam
not differ between adults and juveniles (F = 0B5  pollutants present in both their feeding range and
0.75), and the averages in the liver were nobreeding sites (LAM et al., 2004).
significantly different from those in the kidney & In this study the concentration of cadmium
0.025; P = 0.75) (Fig. 1C). On the other hand, dickevas higher in kidneys than in liver. According to
concentrations in the liver of adults were sigrifidy Furness and  Monaghan  (1987), cadmium
higher than in those of juveniles (F = 24.15; P =concentration is always highest in the kidney, wher
0.001), and in the liver they were significantlyis thought that a specific metal-binding protein
different from those in the kidney (F = 23.75; P =(metallothionein) generally renders the metal
0.0001) (Fig. 1D). The results of the leadharmless. Cadmium can cause damage to the
concentrations measurements in the liver and kidnesertebrate kidney but there is little evidenceuggest
were significantly higher in adults than in juvessil(F that the cadmium levels are high enough to causa ha
= 4.76; P = 0.035), and the averages were nab sea turtles. However, Caurant et al. (1999) tegor
significantly different in either organ (F = 0.7B;= that kidneys of green turtles and hawksbills intida
0.45) (Fig. 1E). pathological features. Cadmium levels in other #issu
tend to be much lower, except when a turtle has
Table 2. Values of concentrations of elements (me&D, recently ingested a large amount of the metalhla t
png.g?) in the liver and kidneys of green turtiesind dead in  case the level in the liver may be equal to or edce

ResuLTs

an estuary on the Atlantic coast of Brazil (n =.30) that in the kidney, giving an indication of rececute
exposure (SCHEUHAMMER, 1987; FURNESS,
Organs 1994; AGUIRRE et al., 1994).
- - Cadmium is extremely poisonous and can
Elements Liver Kidney h - - - -
Cadmium ave various deleterious effects on fish, shrimpg a
Adult 0.957 + 0.31 218 + 0.27 wildlife in general (BARB|ER|, 2007; BARBIERI,
Juvenile 0.279 + 0.14 1.00 + 0.32 2009). In this study the concentration of cadmium
Copper was greater in adults than in juveniles and thig fa
Adult 39.9 + 1.94 13.72 + 1.15 may be due to the fact that cadmium is known to
Juvenile 20.7 £ 2.46 12.55 + 1.04 accumulate with increasing age (FURNESS, 1994).
Manganese Anan et al. (2002) observed similar kidney damamge i
Adult 482 £0.71 4.17 £ 0.86 green turtles and hawksbills at cadmium levels
Juvenile 481 + 0.90 3.82 £ 0.73 .
Nickel comparable to those found in loggerhea@srétta
Adult 028 + 0.08 0.19 + 0.02 caretta). The cadmium concentrations reported here
Juvenile 0.13 + 0.04 0.089 + 0.01 are consistent with data on other sea turtle specie

from locations elsewhere.
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In the present study significant differencescadmium. These values represent current levelsdfoun
seem to exist in the levels of the essential trace green turtles in Chinese waters (LAM et 2004).
elements copper and manganese between the liver aBithce both metals can be classified as essential, t
kidney of the Chelonia mydas. Similar levels of concordance with other studies indicates a close
copper and manganese have been detected in other setabolic regulation of copper and manganese.
turtle species from different parts of the world The copper levels found i@helonia mydas
(TOMAS et al.,, 2002). The significance of thein this study are higher than those that were fomnd
differences found between liver and kidney for capp hawksbill turtles Eretmochelys imbricata) by Anan et
are difficult to assess. Exceptionally high levelfs al. (2002). High copper levels in sea turtles, udahg
copper have been found in a few loggerheathe green turtle of the present study, are likeljhave
specimens. However, such high copper levels occur arisen from species-specific bioaccumulation, and
other species of sea turtles without any accompanyi unlikely to reflect pollution or higher natural
signs of toxic effects (LAM et al2004). Levels were backgrounds of copper in their habitats (SAKAI ket a
highest for manganese, followed by copper an@000).
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Exposure of aquatic organisms to nickel-liver of green adult sea turtles were apparentijhér
contaminated sediments may result in a variety ahan those reported in cetaceans and seabirds,
adverse effects, including mortality, reduction insuggesting that turtles may have specific mechanism
growth rate, and avoidance reactions. The toxiefty which lead to higher Cu accumulation in the liveneT
nickel increases in the presence of copper, sysmargi concentrations of Cd, Ni and Pb were relatively bigh
may, therefore, be a factor that modifies the tibxiaf  in adults than in juveniles, the accumulation ptipa
the former substance. Whereas the bioconcentrafion being due to age. Studies of turtles provide thgt be
nickel has been observed in a variety of organismseans of assessing the impact of metal pollutiom du
(particularly in annelids), biomagnification is nat to fishing weights and have focused attention anm th
significant concern in aquatic environments (CCREMjuantities of metals being discarded in the seas.
1987).

Significant differences seem to exist in the ACKNOWLEDGMENTS
levels of nickel between liver and kidney and julesn
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'I_'he S|gn|f!cance of _the qllfferenc_es_, found betweerAGUIRRE’ A. A: BALAZS, G. H.. ZIMMERMAN, B.:
liver and kidney for nickel is also difficult to alate. GALEY, F. D. Organic contaminants and trace meitals
Exceptionally high levels of nickel have been found the tissues of green turtle€helonia mydas) afflicted
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(GORDON; POPLE, 1998; GODLEY et.al1999; Subcellular distribution of trace elements in therd of
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Lead is a multitargeted toxicant, andATSDR. (Agency for Toxic Substances and Disease

inorganic lead is carcinogenic in animals (ATSDR Sggh;ls.try) ATSDR's Toxicological profiles on  CD-

1997). Blood lead levels, haematocrit, and enzymgargieRi, E. Use of oxygen consumption and ammonium
assays can be used to measure the exposure ofil@nima excretion to evaluate the sublethal toxicity of magm

to lead (O'HALLORAN et al., 1989; FURNESS, and zinc onlLitopenaeus schmitti (Burkenroad, 1936,
1994). Comparatively little lead is deposited inate Crustacea)Wat. Environ. Res.,v. 79, n. 5, p. 123-129,
such as the south Atlantic, whereas relatively hégtal 2007. , _

deposition fluxes are encountered in areas of th@ARBIERI E. Effects of zinc and cadmium on oxygen

- : consumption and ammonium excretion in pink shrimp
northern hemisphere close to anthropogenic sources (Fartantepenaeus  paulensis, Pérez-Farfante, 1967,

(BURGER;_ GOCHFELD,  2000). Low lead Crustacea)Ecotoxicology, v. 18, n. 3, p.312-318, 2009.
concentrations have been reported for a range @f SBARBIERI, E.: GARCIA, C. A. B.. PASSOS, E. A.

turtle species sampled from oceanic or remote ARAGAO, K. A. S.; ALVES, J. P. H. A. Heavy metal
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