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ABSTRACT

Heavy metal (Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn)aeomrations were studied in Perna perna from thseaches
(Barra do Furado, Buena and Ponta do Retiro) on tlogthern coast of Rio de Janeiro State by ICP-AB®
average concentration was 0£30.04 (Cd); 1.9+ 0.6 (Cr); 6.1+ 0.7 (Cu); 1,130+ 113 (Fe); 22+ 3.2 (Mn); 9.3+

4.6 (Ni); 0.4+ 0.2 (Pb); 44+ 5.8 (Zn) ug.g dry weight. There were no significant difference dbmost all the
studied metals in relation to sex. Although, sigaift spatial variations (p < 0.05) occurred for Pb and Ni with
higher values for Barra do Furado. Temporal varaats were significant (p < 0.05) at the three beachm®wever,
no trends of accumulation were observed. The nmatentrations were similar to areas under low pidin

impact, except for Fe, which was probably due toltital substrates enriched in iron oxides.
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INTRODUCTION Heavy metal toxicity to aquatic organisms in
association with the capacity to entry and to keep
Coastal waters are commonly situated as a@n the trofic chain for long time justifies metal
endpoint of toxic and environmentally harmful determination studies on aquatic organisms.
chemicals by direct and indirect inputs (MoraedHowever, it's hard to work with environmental
and Silva, 1995; Nybakken, 1997). Trace elementgontamination by heavy metals due the complex
are natural components of the hydrospher&giogeochemistry of these elements on aquatic
although anthropogenic activities had alreadgnvironments (Forstner and Witmann, 1983).
altered its geochemical cycles increasing people’§hus, it is necessary to monitor and to preserve the
attention. Since marine organisms accumulate argfjuatic environments against the anthropogenic
concentrate heavy metals in high levels, they argollution by heavy metals through the knowledge
widely used as biomonitor organisms reflectingof the base levels of these trace elements.
the extent of metal pollution in the coastal waterd he aim of this work is to determine Cd, Cr, Cu,
(Lacerda et al. 1985, Szefer et al. 1998). One dfe, Mn, Ni, Pb and Zn concentrations in the
the most successful efforts is popularly known abivalve Perna perna (LINNAEUS, 1758)
the Mussel Watch Program (Cantillo, 1998). collected on the northern coast of Rio de Janeiro
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State at three beaches: Barra do Furado (BF) 2RESULTS AND DISCUSSION
S; 4P W), Buena (B) (2129’ S; 42 W) and Ponta
do Retiro (PR) (2129’ S; 46 59' W), in orderto In general, Cd, Cu, Mn, Ni, Pb and Zn
evaluate the temporal and the spatial variation afoncentrations inP. perna at Ponta do Retiro,
these metals concentrations and to identify thBuena and Barra do Furado beaches could be
critical elements in each sampled area. considered as natural background levels (Table 1).
The following hypotheses were tested: i) there iThese results reflected the usual fluctuations of
no difference irP. pernametal concentrations in these metals and their availability for the biota
relation to sex; ii) heavy metal concentrations aréhcorporation on the northern coast of Rio de
different among the sampled areas in accordancganeiro State. Similar variability were observed at
with local characteristics (different substratethe same beaches by Rezende et al. (1997) and by
surface runoff, running coastal waters); iii) thereMachado (1999) for Cr, Cu, Fe, Mn and Zn
is a seasonal variation on metal concentratiodoncentrations in two macroalgae species.
along the year. Comparing the present work with the data base of
the International Mussel Watch Program (Table 1)
(Cantillo, 1998), our results showed similar
MATERIAL AND METHODS average concentrations for Cr (1v8 1.6 pg.g
d.w.) and Cu (6.¥s7.9 pg.¢f d.w.), higher for Ni
Mussels with similar length (4.0 , 5.0 cm) were(9.3 vs 2.2) and lower for Cd (0.8s 2.0 ug.¢'
collected on the low-middle littoral at three d.w.), Pb (0.3/s5.0 pug.g' d.w.) and Zn (445130
beaches every 45 days approximately (fronug.g" d.w.). High concentrations for Cd and Pb at
July/98 to May/99). The samples were washethe Mussel Watch data came from programs
with local seawater, and transported in plastic bagspecifically designed to sample “hot spots”.
to the laboratory. In the lab, the soft tissues wer8pecifically for Fe, the results showed
removed from their shells and the sex wagoncentration values close to the areas described
determinate. under high impact pollution (Table 1), with
The samples were grouped (n = 15) according taverage values equal or superior to 10§@y-1 of
their sex, oven-dried at 6%C, ground to a fine dry weight (d.w.) at three beaches. These results
powder with a porcelain pestle and mortarcould be related to the presence of this element on
Aliquots (approximately 1.00 g of dried tissue)the local substrate which has been rich in iron
were digested (triplicate) in concentrate HNO oxides (Pedrini, 1984). This hypothesis was
evaporated and redissolved in 0.5 N HN(®P&ez- confirmed by Rezende and Lacerda (1986) who
Osuna et al., 1995; Riget et al., 1997). The extractsudied the capacity of P. perna to accumulate Fe
were analyzed by atomic emissionin accordance with the colonized substrate type.
spectrophotometry with induced coupled plasm&he high capacity for Mytillidae to accumulate Fe
(ICP-AES). were described by Regoli and Orlando (1994).
Standard reference material was analyzed in ord@hey observed a rapid and an elevated Fe
to estimate the accuracy of the digestion methodbsorption as precipitated hydroxides within
(Muscular Tissue oBqualus acanthiasDORM 1)  endocitycs vesicles and in the intertubular spaces.
supplied by the Marine Analytical Chemistry The average of Cu (6.180.5 pg.g' d.w. or 0.9+
Standards Programs (Canada). The heavy metasy ng.gt ww.) and Zn (45 6.8 ug.¢ d.w. or
recovery rates were 84 (Cr), 102 (Cu), 99 (Fe), 86 3+ 0.8 ug.¢' w.w.) concentrations were close to
(Mn), 93 (Ni) e 88 (Zn) %. the values described for areas with low pollution
The Mann-Whitney statistical analyze (p < 0.05§mpact (Carvalho et al1993; Szefer et al., 1998)
were applied in order to compare the metahng |ower than the maximum concentration for
concentrations between the sampled areas and Sgman consumption established by Brazilian

The Kruskal-Wallis (p < 0.05) variance test wereregeral Legislation (1978) (Table 1).
applied to compare the temporal variation of the

metal concentration in each sampled area.
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Table 1 - Average concentrations of Cd, Cr, Cu, Fe, Mn, ®b, e Zn fig.g* dry weight) in mollusks of non-
impacted (a) and impacted (b) areas for heavy s1ielC = Maximum Concentration for human consumption
ug.g* of wet weight (w.w.).

Sample area/Specie | N Pollul. Cd | Cr | Cu | Fe | Reference
B. Guanabar®. perna - (b) - - 145 171.5 Rezende and Lacerda, 1986
YemenP. perna - (b) 0.6 - 27 900 Szefer et al., 1997
MéxicoM. strigata - (a) 0.63 0.7 23 190 Szefer et al., 1998
Japaad¥. edulis - (b) 3.2 5.1 - 314 Szefer et al., 1997
B. Sepetibd. perna - (b) 1.0 - 6.5 - Carvalho et al., 1993
A. dos ReidP. perna - (a) 1.0 - 8.9 - Carvalho et al., 1993
MacaéP. perna - (a) 0.3 1.3 5.1 675 Carvalho et al., 1998
El Salvador®. iridescens - (b) <1.2 15.8 622 - Michel and Zengel, 1998
B. SepetibdZ. brasiliana - (b) 8.5 - 24.5 - Gomes et al., 1991
A. dos ReidL. brasiliana - (@) 1.7 - 227 - Gomes et al., 1991
** World Mussel Watch - - 2.0 1.6 7.9 - Cantilla998
P. RetiroP. perna 30 - 0.3/ 1.7/ 6.0/ 1190/ * Present work, 1999
0.04 0.24 0.86 170
BuenaP. perna 30 - 0.3/ 1.4/ 6.7/ 1000/ * Present work, 1999
0.04 0.20 0.96 143
B. FuradoP. perna 30 - 0.3 25/ 57/ 1200/ * Present work, 1999
/0.04 0.36 0.81 171
MC (w.w.) - - 1 0.1 30 - Brazilian Federal Legistet,
1978
Sample area/Specie | N Polul. Mn | Ni | Pb | Zn | Reference
B. Guanabar®. perna - (b) 20 19 20.9 565.5 Rezende and Lacerda, 1986
YemenP. perna - (b) 60 - 5.2 40 Szefer et al., 1997
MéxicoM. strigata - (@) 24 16 0.8 42 Szefer et al., 1998
Japaad¥l. edulis - (b) - - - 1773 Szefer et al., 1997
B. Sepetibd?. perna - (b) 18.4 7.4 <1.3 205.3 Carvalho et al., 1993
A. dos Reid?. perna - (@) 35.7 9.8 2 153 Carvalho et al., 1993
MacaéP. perna - (a) 9.3 8.6 1.8 79 Carvalho et al., 1998
El Salvador®. iridescens - (b) - 10.6 <1.2 2040 Michel and Zengel, 1998
B. SepetibdZ. brasiliana - (b) 30.1 18.1 13.5 9500 Gomes et al., 1991
A. dos ReidC. brasiliana - (@) 30.5 25 <13 2349 Gomes et al., 1991
** World Mussel Watch - - - 2.2 5.0 130 Cantill)®98
P. RetiroP. perna 30 - 26/ 12/ 0.4/ 40/ * Present work, 1999
3.71 1.71 0.06 5.71
BuenaP. perna 30 - 20/ 4/0.60 0.1/ 42/ * Present work, 1999
2.86 0.01 6.00
B. FuradoP. perna 30 - 21/ 12/ 0.5/ 51/ * Present work, 1999
3.00 1.71 0.07 7.29
MC (w.w.) - - - - 20 50 Brazilian Federal Legistati
1978

* The present work concentrations are expresseg.ig' of dry weight and iug.g* of wet weight ig.g* d.w../pg.g* w.w.)
** World Mussel Watch data base , median concentration.

Moreover, comparing with oyster results described’he Cr concentrations . perna(1.89 + 0.6

by Gomes et al. (1991) and Michel and Zengelig.g' d.w. or 0.3+ 0.1 pg.g- w.w.) were higher
(1998), the Cu and Zn concentrationsPinperna  than the maximum consumption limit established
were especially lower. This trend was observed blgy the Brazilian Legislation (1978) (Table 1).
Chapman et al. (1996) evidencing the high oystadowever, Lima (1997) studying the Cr distribution
capacity to accumulate this metals comparing withh different areas on the Rio de Janeiro coast
Mytilidae family members. observed that the maximum concentration
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permissible for human consumption have beebivalve mollusks. Coimbra and Carraca (1990)
overpassed, even in natural waters. Similar resul®iggested the use of immature bivalves in
were observed by Carvalho et al. (1998) studyingnvironmental monitoring programs for heavy
the metal concentrations iR. pernaat Macaé metals since the youngest mollusks showed
coast, close to the present studied area. Our resultsduced gonadal growth.

in accordance with these authors might béignificant differences (p < 0.05) for Cd and Ni
indicating the natural capacity d?. pernato among males and females®f pernaoccurred in
concentrate elevated amounts of this metal in thBuena beach with highest values always for
environment. females. These results suggested the need of
Cd (0.3+ 0.03 pg.g d.w.), Mn (23+ 3.1 pg.g¢  additional studies in order to evaluate the natural
d.w.), Ni (8+ 4.8 ug_g1 d.w.) and Pb (0.4 0.2 fluctuations of this metals between both sexes at

ng.gt d.w.) presented concentrations near to lowhese site.
pollution impact areas for heavy metals as
described by the literature (Table 1). Spatial variation for heavy metal
Nevertheless, comparing the Mn results with thoseoncentrations inPerna perna
of Carvalho et al. (1998) working near Barra doNo significant differences for Cd, Cu, Fe, Mn and
Furado beach (9.89.g" d.w.) high concentrations Zn among the three studied areas were observed
were observed in the present study. The sam&ig. 1). These results might be associated to a
condition was observed for Fe. These findingsimilar bioavailability of these metals B perna
showed different sources of this two metals in th&esides, all these elements (Cd in exception) are
northern coast of Rio de Janeiro State and it coulessential metals, which probably have intracellular
be related to a singular terrestrial input inregulatory = mechanisms to  keep their
association with suspension particulate matter.  concentrations in equilibrium in the organism.
There were significant differences (p < 0.05) on Cr
Metal concentrations and Sex concentrations between Barra do Furado and the
Many authors have highlighted the importance opther beaches (Fig. 1). The highest values
sex concerning the variation on metalobserved at the first could be related to a high
concentrations during the reproductive seasor@vailability of this metal in the area. Similar results
During this stage, proteins and carbohydrategt the same area were described by Machado
contents, which have high affinity for heavy(1999) for marine benthic algae. The author
metals, are very recruited for gonad tissueuggests that the dissolved fraction could be the
production, energetic storage and consumptiomajor metal incorporation way for marine
(Latouxe and Mix, 1982; Paez-Osuna et al. 1993nacroalgae and an additional source for Cr
Lima, 1997). incorporation by mollusks.
The results showed no significant differences foSignificant differences (p < 0.05) in Pb
Cr, Cu, Fe, Mn, Pb and Zn concentrations betweegoncentrations among Barra do Furado and the
P. perna male and female. This could beother beaches were observed (Fig. 1) with higher
associated to restricted and short length of thes@lues at the former, although the concentrations
organisms (4.0 , 5.0 cm), in accordance wittwere lower than the described for non-impacted
Rezende and Lacerda (1986). The authors did nateas (Phillips et al., 1982; Riget et aB97). The
find differences on heavy metal concentratiorhighest Pb concentrations observed at Barra do
between males and females of Mytillidae withinFurado could be associated with the presence of a
the same class length (5.5 , 6.0 cm). Howevesghipyard neared the sampled area. Chiu et al.
Lima (1997) showed significant differences (p <(2000) suggested that an increasing in shipping
0.05) on Cd, Cu, and Zn values among males argpuld lead to increase in Pb bioavailability for
females ofP. pernaon Rio de Janeiro State coastmariculture zones on coastal waters.
with the highest one on males. Latouche and Mix
(1982) reported that the gonadal stage could
influence the heavy metal bioconcentration in
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Figure 1 - Average and standard deviation of Cd, Cr, Cu,Nfe, Ni, Pb and Zn concentrations ug.dry
weight) in each sampled area (PR = Ponta do R&Ros Barra do Furado; B = Buena) (N = 30).

Brazilian Archives of Biology and Technology



324

Cd (ug.g ™)

Cu (ug.g™)

Mn (ug.g?)

Pb (ug.g ™)

Ferreira, A. G. et al.

0,6 - 4 -
3 |
0,4 | =
o
o 2
2
0,2 - o 1]
0,0 0
jul aug oct dec feb mar  may jul aug oct dec feb mar may
10 - 2000 -
8 J
—~ 1500 -
6 >
g 1000 |
4 ()
* 500 |
24
0 0
jul aug oct dec feb mar  may jul aug oct dec feb mar may

40 - 30 -

30 |
= 20 St
> \

20 =
= 10 -

10 -

0 0
jul aug oct dec feb mar may

12, 120 4

09 1 904
o

0,6 - g 60 -

c
0,3 | N30
0,0 0
jul aug oct dec feb mar may
P. Retiro ———-Buena  ....... B. Furado

Figure 2 - Temporal variation of Cd, Cr, Cu, Fe, Mn, Ni, PidaZn concentrations pg‘gaverage in dry

weight) in each sampled area (Ponta do Retiro;aBdorFurado; Buena).

Brazilian Archives of Biology and Technology



Temporal and Spatial Variation on Heavy Metal Coniadions 325

Temporal variation for heavy metal suspended matter which probably influence the

concentration in Perna perna metal accumulation iR. perna
The Cd, Ni and Pb elements didn't show high
Barra do Furado concentration peaks during the same months in

Significative temporal variations (p < 0.05) werePonta do Retiro. This high variability could be
registered in Barra do Furado (Fig. 2) for all thdndicating that the bioavailability and the dynamic

metallic elements, except for Cu, an important an f these elements have a complex regulation level
at makes difficult an identification of the origin

essential microelement acting as a respirator ) . )
f these elements, mainly if we considered the

pigment of marine invertebrates and which coul

be metabolically regulated by mollusks (Forstnefeduced natural abundance of these metals.

and Wittmann, 1983). Similar findings were

observed by Wong et al. (2000) studying the heavguena e

metal concentrations iRerna viridis from Hong ©verall, there weren't significative temporal
Kong. variation in Mn and Cu concentrations in Buena

Cr, Fe, Mn, Pb and Zn concentrations presentefach (Fig. 2), suggesting a good metabolic
higher concentrations on December/98 andegulation of these metallic elements Rorperna

February/99. This behavior is probably indicating=9: €I+ Fé, Ni, Pb-and Zn showed a tendency to
cumulate during July and August/98. These

that these elements, that are reaching the coastdi

environment, are from the same source, and follofSults; as in Ponta do Retiro, were supposed to be
a similar distribution pattern. C.I.D.E. (1997) related to an elevated filtration rate, which was

explained that the north of Rio de Janeiro statgenerally accompanied by a rise in the assimilation

have humid floodplain areas enriched with organi@f héavy metals from food sources. Fe showed

and vegetable material in different degradatiop'9nificant temporal variation, with different
stages with concomitant heavy metal liberationincorporation periods. These results might reflect

mainly Fe and Mn (Salom&o, 1997). During the’€ Singular capacity oP. pernato concentrate
rainy season (December , March), this inundate@nd to regulgte this m_etalllc element. It did not
areas might be releasing these metallic elemenf{oW @ similar behavior at the three beaches,
linked to the suspended particulate mattef though the close proximity of B'uena and Ponta
(Kremiling, 1988) by superficial runoff until the d0 Retiro beaches (12 Km approximately).

local rivers and lakes, as the Flechas creek, ajgnations on metal concentrations in mussels
important communication way between theduring the year ware possibly influenced by
continental inundate areas and the coast&leveral factors (i.e. metal bioavailability, season
environment of Barra do Furado. Consequenthind the physiology of the mussels (Lacerda et al.

these compounds would be ready for the marin£983; Wong et al. 2000). Suspended particulate
organisms uptake. matter, a heavy metal source for marine

environment (Pfeiffer, 1980; Paez-Osuna et al.
1995; De Gregori et al. 1996) could also provide

g% rr]mEgcggtlt?eer:L%ral variations (p < 0.05) occurre OIvaluable information to understanding the metal
for all metals in Ponta do Retiro (Fig. 2). Cr, Cu dynamic on the northern coast of Rio de Janeiro

. . State, especially if we considered the local
Fe, Mn and Zn concentrations were higher du”ngnfluence pof flalvial inputs and the distinct

Jqu/98 and October/98, possibly due to a commog, \iometric fate between the sampled areas.
origin for these metals. At the same time IoweFinaIIy we recommend the use of younger
rain levels were registered (average of 34.2 mmgpecim’ens oPerna pernato monitor the heavy

comparing with December/98 to May/99 (averag . : ,
of 77.1mm). These results indicated that the rainemgrt]?; C(;) ; ngttrifglOrésde?]zrt';ﬁ:ja”éaﬁ; adn(;j IEL?r’a:jno

season in Ponta do Retiro beach, in contrast wi aches since this organism showed high capacity

Barra do Furaqlo, was not related to an elevation % accumulate these metals: satisfactory length,
heavy metal bioavailability t®. perna However, wide distribution and great abundance

in accordance to Kavun et §2002), an increasing
filtration rate could be produced in response to
regionally low levels of chlorophyll-a, seston and
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