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Abstract. A survey of the concentrations of heavy metals - cadmium, zinc and total mercury - in 
the tissues of fifteen fish species from Samboromb6n Bay, La Plata river estuary, in Argentina, has 
been carried out. Liver appeared to be the main organ accumulating cadmium and zinc, while both 
liver and muscle showed a similar ability for accumulating mercury. The bioaccumulation process 
was verified for the three metals analyzed, even though low concentrations have been determined. 
The biomagnification process of the metals studied was not verified in this environment. The highest 
metal concentrations were recorded in Mugil Iiza, and particulate matter and sediments - which are 
closely related to its trophic and ecological habits - seemed to be the main source of metals for this 
species. Both Micropogonias furnieri and Mugil liza were recognized as possible indicator species 
for future monitoring programmes for heavy metals in Samboromb6n Bay. Considering the present 
results, this area of La Plata river estuary is characterized as a non-polluted environment. 

1. Introduction 

Among studies relating to environmental quality, those concerning the heavy metal 
pollution of ecosystems are of the utmost importance. This is so because of the 
potential transference of hazardous substances to man through food, mainly in view 
of the tragic events of the '50s and '60s involving mercury and cadmium poisoning 
(Wittmann, 1983). Thus, a number of studies has been carried out to assess the 
level of metals in organisms, sediments and water from different environments. 
Each of these compartments provides a partial image of the occurrence of metals 
within the system. However, the advantage of studying organisms is that the results 
reflect the bioavailability of the pollutants, and consequently mark the real degree 
of pollution in the environment assessed (Pertilla et al., 1982). 

The concentration of heavy metals in fish species from the Southwestern Atlantic 
Ocean may have not been extensively studied yet, and only a few papers are 
available (Perfz et al., 1986; Marcovecchio et al., 1988(a)); moreover, information 
on fish from La Plata river estuary has still not been reported. 

The main purpose of this paper is to supply basic data on the heavy metal levels - 
cadmium, zinc and total mercury - of several fish species from Samboromb6n Bay, 
in La Plata river estuary (Argentina). Simultaneously, some ecological processes 
- such as bioaccumulation or biomagnification - were considered. Furthermore, 
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Fig. 1. Location of sampling station in Samboromb6n Bay, La Plate river estuary. 

the data of all species were compared, to identify suitable bioindicators for the 
environment studied. 

2. Materials and Methods 

Samboromb6n Bay is a particular area of the very large La Plata river estuary, 
in Argentina. This bay is located between 32°5T and 36°18~S, and 56°48 ~ and 
57°081W, at the Southeastern La Plata river outlet (Figure 1). On this side of the 
river, the most important industrial concentration of the country exists, including 
petrochemical plants, smelters, and all kind of industrial factories. Furthermore, 
there are large harbours upstream, with the attendant necessity for harbour opera- 
tion, dredging and filling, etc. A fraction of the freshwater volume as discharged 
by La Plata river goes into Samborombdn Bay, and in this way sediments and 
particulate matter transporting pollutants can enter this ecosystem. 

During 1987 and 1988 samples of fifteen fish species were periodically (every 
30-40 days) obtained from ten sampling stations in Samborombdn Bay (Figure 1). 
The location of these stations was selected statistically, and sampling operations 
were carried out with commercial fishing vessels from this area. After appropriate 
morphometric measurements, dorsal muscle (anterior to dorsal fin) and liver were 
removed. They were kept in plastic bags, and maintained in a freezer at - 2 0 ° C  
until treatment in the laboratory. Cadmium and zinc were determined in acid digests 
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TABLE I 
Percentages of recovery in the analysis of ref- 
erence material to assess analytical quality. 

Metal Percentage of recovery 

analyzed (range) 

Cd 9 1 . 4 -  99.3 % 

Zn 96.5 - 102.3 % 

Hg 93.2 - 99.6 % 

through atomic absorption spectrophotometry (AAS), with air-acetylene flame, 
and deuterium lamp background correction (Marcovecchio et al., 1988(a)). For 
total mercury determination flameless atomic absorption spectrophotometry was 
utilized, after acid mineralization, according to the method described by Moreno 
et al. (1984). A Shimadzu AA-640-13 with potentiometric recorder was utilized to 
carry out the corresponding analysis. Analytical reagents were used for blanks and 
calibration curves, and a certified reference material ('mussel standard') - provided 
by the National Institute for Environmental Studies, NIES, Tsukuba, Japan - was 
utilized in order to assure the accuracy of the data. Recovery percentages obtained 
in the analysis of this reference material are shown in Table I. Detection limits of 
the utilized methods were 0.05 #g/g for mercury (Perrz and Moreno, 1984), and 
0.04 #g/g for cadmium and zinc (Marcovecchio, 1988(b)). 

Comparisons between metal concentrations in species were performed by one- 
way analysis of variance (ANOVA). 

3. Results and Discussion 

Cadmium, zinc and total mercury levels and their distribution in muscle and liver 
of fifteen fish species from Samboromb6n Bay, in Argentina, were determine 
(Table II). Cadmium and zinc exhibited a similar pattern of distribution, and their 
concentrations were significantly higher in liver than in muscle of all the analyzed 
species (p < 0.01). This cadmium and zinc distribution trend as found in fish 
species from Samborombrn Bay agreed well with previous reports on 'arctic cod', 
Boreogadus saida from Strathcona Sound, in Canada (Bohn and McElroy, 1976); 
on Pagothenia borchgreviki from Antarctic (Honda et al., 1983); and on 'eperlan', 
Osmerus mordax, from St. Lawrence estuary, in Canada (Arnac and Lessus, 1985) 
(Table II). On the other hand, mercury showed a different distribution pattern in 
the considered fish species, and similar levels were found in both muscle and liver, 
corresponding analysis of variance showing no significant differences (p < 0.01). 
This trend is consistent with those reported by Buggiani and Vanucchi (1980) on 
fish from La Spezia and Livorno, in Italy; and by Hilge et al. (1984) in the 'cod' 
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TABLE II 
Metal concentrations (/zg/g wet weight) in tissues of each fish species. Mean value ~ Standard 
deviation. N.D.: non-detectable. N: number of  samples. 

Species N Length muscle liver muscle liver muscle liver 
(mm) 

1. Brevortia 

aurea 
2. Mugil 

liza 

3. Cyprinus 

carpio 

4. Parona 

signata 
5. Stromateus 

brasiliensis 

6. Rhamdia 
sapo 

7. Netuma 
barbus 

8. Basilichthys 

sp. 

9. Micropogonias 

furnieri 
10. Pogonias 

cromis 

11. Cynoscion 

striatus 

12. Macrodon 
ancylodon 

13. Conger 

orbignyanus 

14. Myliobatis 

goodei 

15. Paralichthys 

sp. 

65 175-390 0.214-0.05 0.204-0.05 0.074-0.05 

56 290-435 0.404-0.06 0.534-0.11 0.344-0.05 

47 320-465 0.194-0.07 0.154-0.05 0.09-4-0.04 

29 235-435 0.214-0.09 0.244-0.15 0.024-0.03 

27 100-175 0.095z0.07 0.064-0.05 N.D. 

26 245-375 0.13±0.04 0.114-0.03 N.D. 

29 200-370 0.114-0.04 0.104-0.03 N.D. 

46 150-350 0.134-0.05 0.094-0.06 0.044-0.04 

98 180~70 0.114-0.04 0.134-0.04 N.D. 

61 320-700 0.224-0.15 0.19±0.12 0.114-0.12 

90 185-460 0.144-0.08 0.164-0.07 N.D. 

83 175-410 0.124-0.05 0.114-0.05 N.D. 

3.884-0.91 14.94-4-4.89 172.824- 44.8 

9.15il.27 48.834-4.05 52.23± 4.10 

7.994-1.32 30.365:5.97 47.644- 7.64 

7.594-1.09 4.984-1.09 49.664- 9.20 

1.324-0.49 7.224-1.88 59.524- 2.53 

2.674-0.57 21.154-4.29 32.314- 3.95 

2.264-0.53 17.384-4.43 30.004- 5.63 

1.144-0.74 14.534-5.14 55.53±11.59 

3.034-1.08 20.544-5.26 44.304- 6.21 

3.084-1.71 19.994-9.69 31.794- 9.93 

3.694-1.08 11.754-2.93 127.42±47.52 

3.594-0.85 12.934-4.57 43.034- 9.67 

46 390-685 0.29-4-0.07 0.34+0.11 0.22~0.07 2.16i0.66 24.894-7.11 40.484- 7.75 

35 350-630 0.31-4-0.06 0.264-0.06 0.04~0.05 5.87-4-1.30 7.144-1.37 33.664- 4.78 

74 180-370 0.304-0.09 0.404-0.11 0.094-0.07 5.53g4-1.19 19.034-6.24 179.274-17.06 

Gadus morhua from the Southern Baltic Sea (Table III). 
Even though the abovementioned trends were observed in all the fish analyzed, 

species-to-species differences in heavy metal concentrations were highly variable. 
Thus, in the case of  cadmium, the liver contents showed a general mean value 
- for the fifteen assessed species - of 4.14 ppm, with individual values ranging 
between 0.17 and 12.4 ppm (Table IV). Simultaneously, mean values of hepatic 
cadmium among species varied between 1.14 ppm in Basilichthys sp., and 9.15 ppm 
in Mugil liza (Table IV). When the mean contents of muscular cadmium in each 



HEAVY METALS IN ARGENTINIAN FISH 123 

T A B L E  III 
Metal  concent ra t ions  (/zg/g wet  weight)  reported by different  authors  for fishes f rom 
different  envi ronments .  

Metal  concentrat ion (#g/g)  

Ana lyzed  Species  Hg  Cd Zn  Reference  

Boreogadus saida - 0.620 90.00 Bohn  & McElroy,  1976 

Pagothenia borchgrevinki 0.052 0.020 5.65 Honda  et al., 1983 

Osmerus mordax - 0 .02-0 .19  19-38 A m a c  & Lassus ,  1985 

Gadus morhua 0.008 0.050 4.70 Brzez inska  et aI., 1984 

Mugil cephalus 1.100 1.000 17.00 W i n d o m  et al., 1973 

Pleuronectes platessa - 0.180 29.70 Wright ,  1976 

Pleuronectes limanda - 0.150 30.30 Wright ,  1976 

Micropogonias sp. - 0.150 10.30 Pfeiffer  et al., 1985 

Cynoscion sp. - 0.030 5.34 Pfeiffer  et al., 1985 

Cyprinus carpio 0.320 0.170 61.81 Fernandez  Acey tuno  

et al., 1984 

Mugil sp. 0.270 0.120 31.90 Fernandez  Acey tuno  

et aI., 1984 

Cyprinus carpio 0.710 - - Cooper,  1983 

Solea solea 0.170 - - Vos et al., 1986 

Pleuronectes platessa 0.240 - - Vos et al., 1986 

Perca pluviatilis 0.400 - - Luten  et al., 1987 

species were considered, variation between non-detectable values (i.e. Stromateus 
brasiliensis, Rhamdia sapo, Netuma barbus, Micropogonias furnieri, Cynoscion 
striatus and Macrodon ancylodon), and 0.34 ppm (Mugil liza) were found (Table 
II). These values can be compared with those previously reported by Windom et al. 
(1973) for Mugil cephalus from the Northern Atlantic Ocean; by Wright (1976) for 
Pleuronectes platessa and P. limanda from north-eastern coast of England; and by 
Pfeiffer et al. (1985) for Micropogonias sp. and Cynoscion sp. from the Sepetiba 
Bay, in Brasil (Table III). 

In the case of zinc, the mean hepatic content for the fifteen species analyzed 
was 68.7 ppm, with individual concentrations varying between 6.15 ppm and 254 
ppm (Table IV). Considering the hepatic mean values of each analyzed species, 
variations ranged between 30.0 ppm - in Netuma barbus - and 179 ppm - in 
Paralichthys sp. - (Table II). Furthermore, the average muscular zinc content for 
all the species analyzed was 19.2 ppm, with individual variations from 0.26 to 
59.8 ppm (Table IV). The mean zinc levels of each fish species showed to be 
ranged between 4.98 ppm (Parona signata) and 48.83 ppm (Mugil liza) (Table 
II). These zinc concentrations as found in fishes from Samboromb6n Bay can be 
compared with earlier reports on Boreogadus saida from Northern Canada (Bohn 
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TABLE IV 
Metal concentrations (#g/g wet weight) in tissues of Sam- 
boromb6n Bay fishes (data of all species together). S.D.: 
standard deviation. CV%: coefficient of variation, min-max: 
minimum and maximum values. 

Liver Muscle 

mean 0.20 0.20 
S.D. 0.14 0.14 

Mercury CV% 71% 71.6% 

rain-max 0.00-0.79 0.00-2.00 

mean 4.14 0.17 
S.D. 2.49 0.11 

Cadmium CV% 60.1% 155.0% 

min-max 0.17-12.4 0.00-0.44 

mean 68.7 19.2 
S.D. 54.4 11.4 

Zinc CV% 79.1% 59.5% 

min-max 6.15-254.0 0.26-59.8 

and McElroy, 1976); on Cyprinus carpio and Mugil liza sp. from Dofiana, in Spain 
(Fernandez Aceytuno et al., 1984); and on Micropogonias sp. and Cynoscion sp. 
from the Sepetiba Bay, in Brasil (Pfeiffer et al., 1985) (Table III). 

Concurrent  analysis of  mercury showed a mean concentration in the liver of  the 
fifteen species analyzed of  0.20 ppm, with individual values oscillating between 
non-detectable levels and 0.79 ppm (Table IV). When the hepatic mean concen- 
trations of  each analyzed species were assessed, variations between 0.06 ppm - 
in Stromateus brasiliensis - and 0.53 ppm - in Mugil liza - were found (Table 
II). Furthermore,  the mean content of  muscular mercury for all the species ana- 
lyzed was 0.20 ppm, with individual variations between non-detectable levels and 
2.0 ppm (Table IV). Simultaneously, the mean mercury concentrations in muscle 
among the species considered varied between 0.09 ppm (Stromateus brasiliensis) 
and 0.40 ppm (Migil liza) (Table II). These mercury concentrations as obtained 
in the fish species from Samboromb6n Bay can be compared with previous re- 
ports on Cyprinus carpio from Nevada, U.S.A. (Cooper, 1983); on Solea solea and 
Pleuronectes platessa from the coast of  Holland (Vos et al., 1986); and on Perca 
fluviatilis (Luten et al., 1987) (Table III). 

The levels of  all three metals analyzed - cadmium, zinc and total mercury - in 
the tissues of  fish species from Samboromb6n Bay were not very high as compared 
with the international literature for similar environments. In fact, the values were 
similar to or even lower than those reported for the same species caught in the 
Argentine Sea (Per6z et al., 1986), and showed to be significantly lower (io < 0.01) 
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than those of the same species caught in Bahia Blanca estuary (Marcovecchio et 
al., 1988(c); 1988(d)), which has been recognized as a heavy metal hot-spot in 
Argentina. 

Heavy metal concentrations were studied in relation to the total length of the 
organisms analyzed. A direct relationship between the size of the fish and the 
total mercury concentration was found in both muscle and liver, despite the low 
level of metals observed. This trend was true for most of the species studied (i.e. 
Micropogoniasfurnieri, Figure 2). On the other hand, cadmium and zinc did not 
show so clear a trend as mercury did. Thus, while zinc accumulated in both muscle 
and liver, cadmium did so only in liver, and its muscular concentrations were 
non-detectable or close to the detection limit of the method for most of the species 
analyzed. Furthermore, both metals seemed to accumulate up to certain levels; then, 
the concentration appeared to remain closely constant (i.e. Cd and Zn accumulation 
in Parona signata, Figure 3). This would suggest that several mechanisms may 
regulate the content of these metals in fish, and it probably happened because of 
the low metal levels as they are incorporated in Samboromb6n Bay. The trends 
observed for the three metals analyzed (Cd, Zn and total Hg) allow us to suggest 
that a bioaccumulation process occurs in the organisms of the environment studied, 
even though the metal concentrations of the fish species were found to be low. This 
result, which indicates that the heavy metals accumulation process can occur even 
at a very low pollutant level, fully coincides with the reports of Amiard etal. (1987) 
and Amiard-Triquet et al. (1987(a); 1987(b)). 

None of the metals analyzed showed an increase in their levels through the 
corresponding trophic web (Figure 4), contrary to earlier papers - mainly on 
mercury - which report the occurrence of a biomagnification process (Ratkowsky et 
al., 1975; Bryan, 1979; Surma-Aho etal., 1986; Marcovecchio etal., 1986). Metal 
concentrations higher than those observed in fish species from Samboromb6n Bay 
are probably required to develop the biomagnification process, but more research 
is necessary to clarify this topic. 

The highest contents of the three metals analyzed were found in both muscle 
and liver of MugiI liza. This result was unexpected because of the low trophic level 
it occupies in Samboromb6n Bay food than, considering that the top predators 
are usually known to be most important heavy metal accumulators. It has been 
reported that Mugil liza is a detritivorous feeder (Oliver et al., 1972). This is a very 
important fact because suspended particulate matter was recognized to be the main 
carrier of heavy metals from La Plata river to Samboromb6n Bay (Marcovecchio, 
unpublished data). In earlier papers Salomons and Forstner (1984) and Pfeiffer et al. 
(1986) have underlined the fact that particulate matter coming from polluted rivers 
is the main input of heavy metals to the estuarine environment. Consequently, 
in this way heavy metals could be accumulated in the tissues of Mugil liza in 
Samboromb6n Bay. 

Several of the species studied were analyzed in order to identify any possible 
heavy metal bioindicator species. In this respect, the organisms must have certain 
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Fig. 2. Total mercury level vs. total length relationship in tissues of Micropogoniasfurnieri. Muscle 
(above), Liver (below). 

characteristics in order to be suitable for use as bioindicator; i.e., they should be 
abundant and easily collectable; they should be non-migratory; and they should 
have an homogeneous distribution throughout the year in the environment under 
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Fig. 3. Cadmium and zinc levels vs. total length relationship in the liver of Parona signata. 

study (Dix et al., 1975; Essink, 1985). With these requirements in mind, Micro- 
pogonias furnieri, and then Mugil liza and Macrodon ancylodon turned out to be 
the most appropriate species for this goal. 

Finally, considering these results, the very low metal levels of the fish species 
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f rom S a m b o r o m b 6 n  B a y  - in La  Plate r iver  es tuary - deserve  to be underl ined.  This 

fact  a l lows us to conc lude  that  only  a scarce bioavai labi l i ty  o f  h e a v y  metals  exists 

in this env i ronment .  On  the other  hand,  cons ider ing  future moni to r ing  p r o g r a m m e s  
for  h e a v y  metal  pol lut ion in S a m b o r o m b 6 n  Bay,  the use o f  the selected b io ind ica tor  

species  is r e c o m m e n d e d .  

Acknowledgements 

This  paper  was  partially f inanced by The  Nat ional  Counc i l  for  Scientif ic and 

Techno log ica l  Researches  ( C O N I C E T ) ,  o f  Argent ina.  

References 

Amiard, J.C., Amiard-Triquet, C., Berthet, B. and Metayer, C.: 1987, 'Comparative Study of the 
Patterns of Bioaccumulation of Essential (Cu, Zn) and Non-Essential (Cd, Pb) Trace Metals in 
Various Estuarine and Coastal Organisms', J. Exp. Mar. Biol. Ecol. 106, 73-89. 

Amiard-Triquet, C., Amiard, J.C., Ballan-Dufrancais, C., Berthet, B., Gouzerh, R, Jeantet, A.Y., 
Martoja, R. and Truchet, M.: 1987(a), 'Study of Bioaccumulation at the Molecular, Cellular 
and Organism Level of Silver Transferred to the Oyster Crassosttea gigas Thunberg Directly 
from Water or via "Food" ', in Lindberg, S.E. and Hutchinson, T.C. (Eds.), Heavy Metals in the 
Environment, CEP Consultants Ltd., New Orleans, pp. 488--490. 

Amiard-Triquet, C., Amiard, J.C., Berthet, B. and Metayer, C.: 1987(b), 'Field and Experimental 
Study of the Bioaccumulation of Some Trace Metals in a Coastal Food Chain: Seston, Oyster 
(Crassostrea gigas), Drill (Ocenebra erinacea)', in Ayawa, Y. and Kusada, T. (Eds.), Coastal 
and Estuarine Pollution, Kyushu Univ./IAWPRC/JSWPR, Fukuoka (Japan), pp. 17-25. 

Arnac, M. and Lassus, C.: 1985, 'Accumulation de quelques metaux lourds (Cd, Cu, Pb et Zn) chez 
l'eperlan (Osmerus mordax) prelev6 sur la rive nord de l'estuaire du Saint-Laurent', Water Res. 
19, 725-734. 

Bohn, A. and McElroy, R.O.: 1976, 'Trace Metals (As, Cd, Cu, Fe and Zn) in Arctic Cod, Boreogadus 
saida, and Selected Zooplankton from Strathcona Sound, Northern Baffin Island', J. Fish. Res. 
Bd. Can. 33, 2836-2840. 

Bryan, G.W.: 1979, 'Bioaccumulation of Marine Pollutants', Phil. Trans. R. Soc. Lond. B-286, 
483-505. 

Brzezinska, A., Trzozinska, A., Zmijewska, W. and Wodkiewicz, L.: 1984, 'Trace Metals in Some 
Organisms from the Southern Baltic', Oceanologia 18, 79-94. 

Buggiani, S.S. and Vanucchi, C.: 1980, 'Mercury and Lead Concentrations in Some Species of Fish 
from the Tuscan Coasts (Italy)', Bull. Environ. Contain. Toxicol. 25, 90-92. 

Cooper, J.J.: 1983, 'Total Mercury in Fish and Selected Biota in Lahontan Reservoir, Nevada: 1981 ', 
Bull. Environ. Contain. Toxicol. 31, 9-17. 

Dix, T.G., Martin, A., Ayling, M., Wilson, K.C. and Ratkowski, D.A.: 1975, 'Sand Flathead (Platy- 
cephalus bassensis) an Indicator Species for mercury Pollution in Tasmanian Waters', Mar. 
Pollut. Bull. 6, 142-144. 

Essink, K.: 1985, 'Monitoring the Mercury Pollution in Dutch Coastal Waters by Means of the 
Teleostean Fish Zoarces viviparus', Netherl. J. Sea Res. 19, 177-182. 

Fernandez-Aceytuno, M.C., Rico, M.C., Gonzalez, M.J., Hernandez, L.M. and Baluja, G.: 1984, 
'Contaminaci6n organoclorada y met~ilica en organismos acu~iticos del Parque Nacional de 
Dofiana', Rev. Agroqufm. TecnoI. Alim. 24, 222-232. 

Hilge, V., Huschenbeth, E. and Harms, U.: 1984, 'Trace Contaminants in Catfish Raised under 
Intensive Culture Conditions', I.C.E.S., C.M.1984/E:30, 13 pp. 

Honda, K., Sahrul, M., Hidaka, H. and Tatsukawa, R.: 1983, 'Organ and Tissue Distribution of Heavy 
Metals, and Their Growth-Related Changes in Antarctic Fish', Pagothenia borchgrevinki', Agric. 
Biol. Chem. 47, 2521-2532. 



130 JORGE EDUARDO MARCOVECCHIO AND VICTOR JORGE MORENO 

Luten, J.B., Bouquet, Riekwel-Booy, G., Rauchbaar, A.B. and Scolte, M.W.M.: 1987, 'Mercury in 
Flounder, Platichthysflessus, Cod, Gadus morhua, Perch, Percafluviatilis, in Relation to Their 
Length and Environment', Bull. Environ. Contam. Toxicol. 38, 318-323. 

Marcovecchio, J.E., Moreno, V.J. and Per6z, A.: 1986, 'Biomagnification of Total Mercury in Bahia 
Blance Estuary Shark', Mar. Pollut. Bull 17, 276-278. 

Marcovecchio, J.E., Moreno, V.J. and Per6z, A.: 1988(a), 'Determination of Heavy Metal Concen- 
trations in the Biota of Bahia Blanca, Argentina', Sci. Tot. Environ. 75, 181-190. 

Marcovecchio, J.E.: 1988(b), 'Estudio comparativo de la distribuci6n de los metales traza mercurio, 
cadmio y zinc en organismos de los zonas estuariales de Argentina: Bahia Blanca y desembo- 
cadura del Rio de La Plata', Ph.D. Thesis, Universidad Nacional de Mar del Plata (Argentina), 
212 pp. 

Marcovecchio, J.E., Moreno, V.J. and Per6z, A.: 1988(c), 'Total Mercury Levels in Marine Organisms 
of the Bahia Blanca Estuarine Web', in Seelinger, U., Lacerda, L.D. and Patchineelam, S.E. (Eds.), 
Metals in Coastal Environments of Latin America, Springer-Verlag, Heidelberg, pp. 122-129. 

Marcoveechio, J.E., Moreno, V.J. and Per6z, A.: 1988(d), 'The Sole, Paralichthys sp., as an Indicator 
Species of Heavy Metal Pollution in the Bahia Blanca Estuary, Argentina', Sci. Tot. Environ. 75, 
191-200. 

Moreno, V.J., Per6z, A., Bastida, R.O., Moreno, J.E.A. de and Malaspina, A.: 1984, 'Distribuci6n de 
mercurio total en los tejidos de un delfin nariz de botella (Tursiops gephyreus Lahille, 1908) de 
la Provincia de Buenos Aires (Argentina)', Rev. Invest. Desarr. Pesq. 4, 93-102. 

Oliver, S.R., Escofet, A., Penchaszadeh, E and Orensanz, J.M.: 1972, 'Estudios ecol6gicos de la 
regi6n estuarial de Mar Chiquita (Bs.As., Argentina). Relaciones tr6ficas interespecfficas', An. 
Soc. Cient. Arg. CXCIV (I-II), 89-104. 

Per6z, A. and Moreno, V.J.: 1984, 'Distribuci6n experimental del lfmite de detecci6n, en el analisis 
de metales pesados en organismos marinos, por espectrofotometrfa de absorci6n at6mica', Rev. 
Invest. Desar. Pesq. 4, 103-112. 

Per6z, A., Moreno, V.J., Moreno, J.E.A. de and Malaspina, A.: 1986, 'Distribuci6n de mercurio total 
en pescados y mariscos del Mar Argentino', Rev. Invest. Desar. Pesq. 6, 103-115. 

Pertilla, M., Tervo, V. and Parmanne, R.: 1982, 'Heavy Metals in Baltic Herring and Cod', Mar. 
Pollut. Bull. 13, 391-393. 

Pfeiffer, W.C., Lacerda, L.D., Fiszman, M. and Lima, N.R.W.: 1985, 'Metais pesados no pescado do 
Bafa de Septiba, Estado do Rio de Janeiro. Brasil', Ciencia e Cult. 37, 297-302. 

Pfeiffer, W.C., Fiszman, M., Maim, O. and Ascue, J.M.: 1986, 'Heavy Metal Pollution in the Paraiba 
do Sul River, Brazil', Sci. Tot. Environ. 58, 73-79. 

Ratkowski, D.A., Dix, T.G. and Wilson, K.C.: 1975, 'Mercury in Fish in the Derwent Estuary, 
Tasmania, and its Relation to the Position of the Fish in the Food Chain', Austr. J. Mar. Freshw. 
Res. 26, 223-231. 

Salomons, W. and F0rstner, U.: 1984, Metals in the Hydrocycle, Springer-Verlag, Heidelberg, 349 
PP. 

Surma-Aho, K., Paasivirta, J., Rekolainen, S. and Verta, M.: 1986, 'Organic and Inorganic Mercury 
in the Food Chain of Some Lakes and Reservoirs in Finland', Chemosphere 15, 353-372. 

Vos, G., Hovens, J.EC. and Hagel, E: 1986, 'Chromium, Nickel, Copper, Zinc, Arsenic, Selenium, 
Cadmium, Mercury and Lead in Dutch Fishery Products 1977-1984', Sci. Tot. Environ. 52, 
25-40. 

Window, H., Stickney, R., Smith, R., White, D. and Taylor, E: 1973, 'Arsenic, Cadmium, Mercury 
and Zinc in Some Species of North Atlantic Finfish', J. Fish. Res. Bd. Can. 30, 293-295. 

Wittmann, G.T.W.: 'Toxic Metals', in FOrstner, U. and Wittmann, G.T.W. (Eds.), Metal Pollution in 
the Aquatic Environment, 2nd edition, Springer-Verlag, Heidelberg, pp. 3-69. 

Wright, D.A.: 1976, 'Heavy Metals in Animals from the North-East Coast', Mar. Pollut. Bull. 7, 
36-38. 


