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Abstract. Trace metals (total mercury, cadmium and zinc) were studied in several tissues of the edible 
shrimps Pleoticus muelleri and Artemesia longinaris from the Bahfa Blanca estuary, Argentina. The 
digestive gland was shown to be the main organ in which metals accumulate, followed by the 
stomach-alimentary canal and abdominal muscle. 

The metal contents found in the present study largely exceeded those of the same species caught 
from the Argentine Sea. Mercury concentrations increased proportionally to the total length of the 
shrimps studied. Only little variation in metal concentrations among individuals seemed to exist. 

Finally, the usefulness of these species as bioindicators of trace metal pollution in the Bahfa 
Blanca estuary is discussed. 

1. Introduction 

Marine organisms usually have levels of heavy metals higher than the surrounding 
seawater, and the corresponding concentration factors may reach many thousand- 
fold. Those organisms living in contact with the sediments where metals accumulate 
are known tO concentrate trace metals in their body tissues (Anderson et aL, 
1978). Thus, through biological amplification some aquatic organisms may build 
up concentrations of metals present at low amounts in the environment to levels 
which are harmful to the organisms, and which exceed public health standards 
(Phillips, 19%; Ahsanullah et aL, 1981). This ability of various aquatic organisms 
to concentrate trace metals has led to their use as indicators of metal levels in 
coastal and cstuarine environments (Popham et al., 1980; Romeo and Gnassia- 
Barelli, 1988; Fischer, 1989), including several large-scale coastal monitoring 
programmes (e.g., Goldberg et aL, 1978). 

Although a large volume of data on trace metal accumulation in crustaceans 
from different environments has been published (Bryan et aL, 1985; Bagatto and 
Alikhan, 1987(a); 1987(b); White and Rainbow, 1987), information on South West- 
em Atlantic Ocean species is scarce, and only a few papers are available (P6rez et 
al., 1986; Marcovecchio et al., 1988(a)). 

The main purpose of this paper is to supply basic data on the heavy metal levels 
- total mercury, cadmium and zinc - of two peneid species (Pleoticus muelleri and 
Artemesia longinaris) which inhabit the seawater of Bahfa Blanca, Argentina. 
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Fig. 1. Location of sampling stations in the Bahia Blanca estuary. 
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Simultaneously, (1) the variation of metal concentrations among individual and 
species, and (2) the relationship between metal content and size of the shrimp were 
considered. Furthermore, we intended to evaluate the extent to which these shrimp 
species are representative indicators of their environments. 

2. Materials and Methods 

2 . 1 .  S T U D Y  A R E A  

The Bahia Blanca estuary is located between 38045 / and 39°40/S., and 61°451 and 
62°30/W., in the south-eastern Buenos Aires Province, Argentina (Figure 1). Water 
interchange within the bay is influenced by a semi-diurnal tidal regime. The bay 
encompasses an area of 400 km 2, and at high tide the total area is nearly 1300 km 2 
(Villa and Pucci, 1987). The hydrography of the estuary is strongly influenced by 
climatological conditions (Freije et al., 1981). Several streams and canals flow 
into the bay, most of them affected by anthropogenic activities. The freshwater 
contribution is approximately 4000 m 3 day -1. The average tides of 3 m, together 
with an associated tidal excursion of about 80 km, ensure thorough vertical mixing 
of the water column (Villa and Pucci, 1987). 

The northern boundaries of the bay are the sites of various ports, towns and 
industries. Nearly 10 m 3 day -1 of raw sewage is discharged into the study area. 
Furthermore, the bay is extensively used by shallow draft vessels, fishing boats, 
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oil tankers, and cargo vessels throughout the whole year, and requires regular 
maintenance dredging. As an example, during the period 1980-1981, nearly 3 x 
10 m 3 of dredged materials were dumped into the bay. 

All the abovementioned features mean that one can assume that the estuary 
receives a substantial amount of contaminant wastes from different sources, which 
could endanger its natural balance. These circumstances, together with the estuary- 
type dynamics, make the Bahia Blanca estuary an appropriate environment for 
developing pollution studies. 

2.2. SAMPLING AND ANALYSIS 

A programme for sampling marine organisms was carried out monthly at Bahia 
Blanca estuary during 1986-1987. Samples of two shrimp species - Pleoticus 
muelleri and Artemesia longinaris (Crustacea; Decapoda; Penaeidae) - were tak- 
en by fishing nets from seven sampling stations in the estuary (Figure 1). The 
sample included specimens of all the sizes caught by the net, which were main- 
ly adults; in the same way, animals of both sexes were included for the present 
study. After biometric measurements were taken, the specimens were dissected, 
and the abdominal muscle (in the case of Artemesia longinaris), and digestive 
gland, stomach-aliment~y canal and abdominal muscle (in the case of Pleoticus 
muelleri) were removed. All samples were stored in plastic bags and frozen at 
-20°C until analysis. 

Total mercury was determined by tameless atomic absorption spectrophotom- 
etry (AAS), after wet digestion according to a previously reported method (Uthe 
et al., 1970). The concentrations of cadmium and zinc were determined by AAS 
- with an air/acetylene flame - and with deuterium background correction, as 
previously reported by Marcovecchio et al. (1988(b)). A Shimadzu AA-640-13 
instrument was used for the analyses. Analytical grade reagents were used for 
the blanks and calibration curves. Accuracy and precision were checked against 
the standard reference material No. 6 of the National Institute of Environmental 
Studies (NIES), Tsukuba (Japan), and were always within the range of certified 
values. 

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

3. R e s u l t s  a n d  D i s c u s s i o n  

The distribution of total mercury, cadmium and zinc in tissues of the shrimps 
Pleoticus muelleri and Artemesia longinaris show that the digestive gland is the 
most important organ for the accumulation of the three metals, followed by the 
stomach-alimentary canal and muscle (Table I). Analysis of variance showed that 
significant differences (p < 0.01) existed between the metal concentrations of the 
three tissues analyzed. This sequence of metal tissue concentrations found in Bahia 
Blanca shrimps fully coincide with that reported by White and Rainbow (1986(a)) 
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TABLE I 
Metal concentrations (/zg/g, wet wt.) in tissues of the crustacean species analyzed from the Bahfa 
Blanca estuary. S.D. = standard deviation; CV% = coefficient of variation; Min-Max = minimum 
and maximum values; n = number of samples analyzed. 

Pleoticus mueIleri (n = 85) Artemesia (n = 165) 
longinaris 

Muscle Digestive Stomach Muscle 
gland and gut 

Mercury 

Cadmium 

Zinc 

Mean 0.04 5.04 0.74 0.04 
S.D. 0.04 1.03 0.12 0.03 
CV% 103 20.4 16.2 70.0 
Min-Max. 0.0-0.16 0.0-6.18 0.61-0.96 0.0-0.09 

Mean 0.16 0.25 0.21 0.13 
S.D. 0.06 0.05 0.06 0.04 
CV% 34.8 20.2 28.6 30.1 
Min-Max. 0.09-0.34 0.15-0.34 0.14-0.32 0.06-0.23 

Mean 9.35 67.6 22.2 0.71 
S.D. 1.97 15.2 5.21 0.13 
CV% 21.1 22.5 23.4 7.85 
Min-Max. 4.36-14.5 0.0-88.0 14.26-30.05 7.56-10.7 

for Palaemon elegans f rom the United Kingdom coasts. The high accumulation of  
metals in the digestive gland ofPleoticus muelleri might be related to the occurrence 
of  low molecular  weight binding (metallothionein-like) proteins, which have been 
extensively reported for different crustacean species (Olafson et al., 1979; Overnell, 
1982; White and Rainbow, 1986(b)), but additional research is necessary to confirm 

this. 
On the other hand, White and Rainbow (1986(a)) have opportunely reported that 

the hepatopancreas (or digestive gland) of  crustaceans can accumulate metals at a 
rate of  approximately 100-fold that of muscle. Furthermore, this is also sustained 
by the fact that the digestive gland - according to Brown (1982) - is the main 
regulatory organ in crustacean species, and as such would be the major site for 
metal storage and detoxification in these animals. 

The metal concentrations found in s tomach-al imentary canal of  Pleoticus muel- 
leri are likely related to their contents. These shrimps are basically detritivorous 
feeders (Angelescu and Boschi,  1959; Boschi,  1969), and large amounts of sedi- 
ments and particulate matter are usually included in the food. These species have 
partially benthic habits, and they are strongly related to the sediments, which are 
a major  reservoir  of  metals in the aquatic environment (Salomons and F6rstner, 
1984). Many vertical migrating benthic organisms - which alternately inhabit the 
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TABLE II 
Correlation matrix of length vs. metal contents, and metal vs. metal in tissues of 
Pleoticus muelleri. ** = significance level 99% (p < 0.01); * = significance level 
95% (p < 0.05). 

Hg Cd Zn Hg Cd Zn 

length musc. musc. musc, d.gl d.gl d.gl 

length 

Hg in muscle 0.849** - 

Cd in muscle 0.437 0.420 - 

Zn in muscle 0.662 0.679 0.590 

Hg in dig.gland 0.738* 0.667 0.357 

Cd in dig.gland 0.535 0.393 0.389 

Zn in dig.gland 0.560 0.545 0.410 

0.622 - 

0.492 0.587 - 

0.670 0.501 0.866** 

relatively uncontaminated pelagic zone and the contaminated sediments - may 
accumulate metals from the sediments and return them to the pelagic zone during 
their vertical migrations (Van Duyn-Anderson and Lasenby, 1986). Consequently, 
fish that feed on these organisms may be exposed to a significant source of metals. 
Concentrations of mercury in benthic invertebrates living in uncontaminated sedi- 
ments are usually lower than 0.01 ppm (Huckabee et al., 1979). The concentrations 
observed in the present study are therefore higher than what should have been 
expected in uncontaminated ecosystems. In addition, sediments of Bahfa Blanca 
estuary have been recognized to have high levels of heavy metals (Marcovecchio 
et aI., 1986(a); Pucci, 1988). 

The abdominal muscle of the shrimps studied turned out to have the lowest metal 
contents, even though these values largely exceeded the heavy metal levels reported 
by P6rez et al. (1986) for the same species from the Argentine Sea continental shelf. 
When the heavy metal concentrations in muscle of both Artemesia Ionginaris and 
Pleoticus rnuelleri were compared by analysis of variance, no significant differences 
(p < 0.01) were found. This is an important fact, since marine organisms do not 
bioaccumulate metals to the same extent or at the same rate. Differences in metal 
bioaccumulation in marine organisms are usually linked with differences in their 
ecology, in their life cycles, or in their trophic status (Allard and Stokes, 1989). 

Vermeer (1972), and Stinson and Eaton (1983) noted that mercury concentra- 
tions in the abdominal muscle increased in larger individuals in the crustacean 
species they examined. To assess whether a similar relationship exists in Pleoticus 
muelleri, metal concentrations were regressed with the corresponding total length 
(Figure 2). The dependence of muscular mercury on shrimp size correlated signif- 
icantly (p < 0.01), while mercury contents in the digestive gland did so at a low 
significance level (p < 0.05) (Table II). This kind of relationship was not observed 
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Fig. 2. Total mercury vs. total length relationship in Pleoticus muelleri. 
(a) Muscle; (b) Digestive gland. 
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for either cadmium or zinc, neither in muscle nor in digestive gland of the species 
studied. Cadmium and zinc could probably be regulated by these organisms - up 
to certain concentrations - and thus these metals would be in equilibrium between 
the shrimp and the environment. This fact was previously suggested by Bryan et 
al. (1986) for the lobster Homarus  gammarus.  On the other hand, mercury would 
not be in equilibrium, presumably because excretion rates could not keep pace with 
uptake rates of this element, and so net uptake would be positive throughout the 
lifetime of the shrimp, as been suggested by Phillips (1980). 

The coefficient of variation (CV%) was calculated for each metal concentration 
in the two shrimp species analyzed, in order to assess the variation among individ- 
uals (Table I). The CV% were in the range 16.2-20.4% for cadmium, 7.85-23.4% 
for zinc, and 20.2-34.8% for mercury. In the particular case of cadmium in muscle 
of Pleoticus muelleri and Artemesia longinaris, high CV% values were obtained 
(103% and 107%, respectively), and this is explained on the basis of the extremely 
low cadmium levels in these tissues, which implies that mean values and standard 
deviations lie very close to each other. 

Finally, the possibility of using these shrimp species as indicators of trace 
metal pollution in the Bahfa Blanca estuary was considered. Crustaceans could 
be a potential source of metals, since they serve as food for fish and wildlife. For 
instance, the peneid species studied in this paper are one of the most important items 
in the diet of sharks (Menni, 1986), and other fish species inhabiting the area, which 
have been shown to concentrate high amounts of trace metals (Marcovecchio et al., 
1986(b); (1988(b)). Furthermore, crustacean species can transfer heavy metals to 
other organisms, not only through the trophic route, but also via other routes. Thus, 
the importance of moulted crustacean exoskeletons (Martin, 1970) and of feacal 
material (Boothe and Knauer, 1972) for the transport and biological amplification 
of trace metals in the marine environment has been underlined. 

If we strictly consider those characteristics required to define an organism as 
a 'bioindicator species' - e.g., that it is abundant and easily collectable, non- 
migratory, that it has an homogeneous distribution throughout the year in the 
studied environment, etc. (Phillips, 1980) - the shrimp species assessed in the 
present study would be appropriate. In addition, if their condition as a potential 
contributor of trace metals to other steps of the trophic web is considered, they 
deserve to be used as bioindicator species, and they would be a very useful tool for 
future monitoring programmes on heavy metal levels in the Bahfa Blanca estuary. 
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