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ABSTRACT

Crayfish utilize aquatic plants as a food source and may concentrate pollutants,
such as heavy metals. Monitoring the possible heavy metal presence in crayfish edible
tissues is therefore important since crayfish can be part of the human diet. In this study
we have analysed specimens of Cherax destructor of two different sizes coming from
a crayfish farm, with respect to heavy metal (lead, copper, cadmium, chromium, zinc)
concentrations in the muscle, hepatopancreas and exoskeleton. Furthermore, the metal
concentrations were determined in water, sediment and in plants.

Our data show that the contents of lead, copper, cadmium, chromium and zinc, are
higher in the tissues with respect to water, indicating in some cases their bioaccumulation
in Cherax destructor. The content of lead and zinc in sediment and plants the animals
feed on, was higher than in tissues and organs, suggesting that biomagnification does not
occur for these heavy metals. Copper and chromium show biomagnification in all tissues,
while cadmium only in the hepatopancreas.
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DETERMINATION DE METAUX LOURDS DANS
LECREVISSE CHERAX DESTRUCTOR EN ELEVAGE

RESUME

Les écrevisses s’aliment de plantes aquatiques. En conséquence, ils peuvent
accumuler des substances polluantes comme les métaux lourds. Analyser la présence
éventuelle de métaux lourds dans la part comestible des écrevisses est donc important,
car ils sont utilisés pour I'alimentation humaine. Dans ce travail nous avons évalué la
présence de métaux lourds (plomb, cuivre, cadmium, chrome et zinc) dans le muscle,
dans I'’hépatopancréas et dans I'exosquelette de I'espéce d’élevage Cherax destructor.
Les organismes étudiés ont été répartis en deux groupes sur la base de leur taille. De
plus, nous avons évalué la présence de métaux lourds dans I'eau, dans le sédiment et
dans la végétation aquatique. Nos données montrent que la concentration en plomb,
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cuivre, cadmium, chrome et zinc est plus importante dans les tissus que dans I’eau. On
en conclut que se produit une bioaccumulation. La concentration en plomb et en zinc
relevées dans les sédiments et les plantes aquatiques dont les écrevisses se nourrissent,
est plus élevée que celles relevées dans les tissus et dans les organes, et cela fait
supposer que le phénomeéne de bioamplification dans tous les tissus ne se produit pas
pour ces éléments. Cuivre et Chromium sont biomagnifiés, alors que le cadmium ne le fait
que dans I’hépatopancréas.

Mots-clés : Cherax destructor, métaux lourds, bioaccumulation, bioamplification.

INTRODUCTION

Heavy metals include a great variety of chemical elements that typically occur in low
or trace amounts in the environment, all of which have the potential to provoke toxic effects
in organisms. Trace metals occur in nature, (CHAPMAN, 1996) for example dissolved in
water, yet capable of exerting biological effects at very low concentration. The term trace
metal is used to indicate both essential and non-essential metals. All metals are toxic
above a threshold bioavailability (RAINBOW, 1993). Metal uptake usually occurs in aquatic
invertebrates by one or two routes, either from solution — through permeable surfaces,
such as gills or the digestive tract — or from food, or both pathways direct and trophic
(HARE, 1992; ROY and HARE, 1999; SIMON and BOUDOUN, 2001). The importance of
each possible route, food or water, depends on the physiology of the organisms concerned,
prey/predator, the geochemistry of the metal involved and physicochemical parameters of
the environment. Routes of uptake may, therefore, vary between organisms and between
metals for the same organism (LANGSTON and SPENCE, 1995; BLACKMORE and
MORTON, 2002).

Water quality criteria based solely on toxicity studies of dissolved contaminants
may be inappropriate when accumulation from food is important. The tissue distribution
of metals differs with the source of uptake. A metal that is mainly taken up from food
is expected to become concentrated in the body tissues (FISHER and REINFELDER,
1995), or if the metals are taken up from solution they are absorbed onto exoskeleton
(MIRAMAND and BENTLEY, 1992), although metals absorbed by water or trophic can be
accumulated in the same organ. Indeed, water exposure leads to an accumulation in gills
and in hepatopancreas (ANDERSON et al., 1997).

In general, the metal concentrations tend to be higher in the hepatopancreas
than in muscle tissue, although the reverse is sometimes true for zinc (POURANG et al.,
2004). One fact that seems to have a relatively constant effect is the size of the animal,
with the larger (and presumably older) individuals containing greater concentrations of
metals (POURANG et al., 2004). Crustaceans, like all aquatic invertebrates, take up and
accumulate metals from a wide range of sources and the trace metal concentrations
within their tissues and bodies show great variability (TUROCZY et al., 2001). In Daphnia
magna Cd uptake from water and food has been demonstrated to be independent of
exposure source and can lead to an additive effect. In addition, the efficiency with which
Cd was assimilated by Daphnia magna from its algal diet was much higher than from water
(BARATA et al., 2002). In the crab Portunus pelagicus significant Cd accumulation was
detected after 4 weeks of feeding with contaminated food (McPHERSON and BROWN,
2001). The relative importance of dissolved water pathway and food pathway and the
influence of food type in the bioaccumulation and retention of lead has been demonstrated
in the shrimp Palaemonetes varians (BOISSON et al., 2003). In particular, a study carried
out on the crayfish Austropotamobius pallipes and Pacifastacus leniusculus has shown a
positive correlation between the environmental conditions and the heavy metal contents
of these animals (ANTON et al., 2000).
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Despite the importance of the freshwater crayfish industry worldwide, relatively little
information is available on the presence of metals, particularly through dietary exposure on
crayfish (ALMAR et al., 1987; ALLINSON et al., 2000; MANN et al., 2004; PENNUTO et al.,
2005). Crayfish farmed in ponds, utilize aquatic plants as a food source and therefore
represent a high trophic level and a link between the uptake of pollutants by aquatic plants
and their eventual consumption by humans. Aquatic plants are well known for their ability
to accumulate metal ions (DIRILGEN and INEL, 1994; DEVI et al., 1996).

Usually in farmed crayfish the water quality is the main element of concern.
However, metal concentrations, although often present, are under the level of detectability.
Furthermore, water characteristics may change over time. Hence, the importance of
monitoring the possible metal presence in crayfish and especially in the edible tissues
may be of dietary concern with respect to their ability to concentrate metals. Therefore, in
this study we have analysed specimens of Cherax destructor of two different sizes coming
from a crayfish farm, with respect to heavy metal (lead, copper, cadmium, chromium, zinc)
concentrations in the muscle, hepatopancreas and exoskeleton. Furthermore, the metal
concentrations were determined in water, sediment and in plants.

MATERIALS AND METHODS

Crayfish, sediment and plant collection.

10 juveniles (about 10 grams) and 10 adults (about 50 grams) of Cherax destructor
were collected from a commercial farm (Azienda Agricola Antonio Zannini, Marocco di
Mogliano, TV, Italy). The crayfish were sacrificed immediately after capture and samples of
muscle, exoskeleton and hepatopancreas were collected and stored at — 80°C. Samples
of water, sediment and plants (Myriophyllum aquaticum, Elodea Canadensis, Chara spp.)
were also collected for heavy metal content analysis.

Heavy metal content evaluation

Three grams of sample were placed in china cap, weighed and heated in furnace
to 105°C. Then, the sample was cooled in dry atmosphere for 40 minutes and weighed.
The sample was carbonated by small flame, put in muffle to 550°C for some hours
and cooled in dry atmosphere for 40 minutes. The obtained ashes were dissolved in
hydrochloride acid solution and put in hot water bath and finally filtered. Distilled water
was added up to 50 ml and the sample underwent heavy metal content evaluation. A
Spectrophotometer Varian AA-200 was used for this work along with flame burner and
with the Varian GTA-100 graphite furnace atomizer. We used Graphite Furnace AA for
lead (Pb) and cadmium (Cd), and flame burner for chromium (Cr), copper (Cu) and zinc
(Zn) determinations. Nitrogen was used as the inert gas with Graphite Furnace because
it not only offers advantages for most elements in terms of sensitivity, but also it provides
a good protection for the graphite and air and acetylene when we used flame burner for
determinations. The hollow cathode metal lamps were used at opportune wavelength: the
copper lamp at 324.8 nm, the cadmium lamp at 228.8 nm, the chromium lamp at 3579,
the zinc lamp at 213,9 nm, the lead lamp at 217.0 nm. Water was Tracepur (Merck) for
inorganic trace analysis. Metal atomic absorption standard solutions with lead, cadmium,
copper, zinc, chromium as solutes, in the forms of 1,000 ppm solution, (Solution Plus,
INC.) were used to prepare the working standard for the programmable sample dispenser.
The final concentration of nitric acid in all the solutions was 0.5% v/v. A new rational
calibration procedure was selected on the Spectrophotometer AA in order to assess the
amount of metal in the samples. A calibration graph was produced for each metal so
that the maximum absorbance, calibration linearity and working range could be properly
assessed. The detailed procedure is provided by “Analytical Methods for Graphite
Tube Atomizers” (Varian, 1988) and successfully used by one of the authors (AVELLA
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et al., 2005). Experiments were run in triplicates and the following detection limits were
employed: lead (0.1-30 pg/mL), cadmium (0.02-3 pg/mL), copper (0.03-10 pg/mL), zinc
(0.01-2 pg/mL), chromium (0.06-15 pg/mL).

RESULTS

In Table 1 the metal contents (Pb, Cd, Cr, Cu, Zn) are reported in both juvenile and
adult tissues (muscle, exoskeleton and hepatopancreas). The relative amount is the ratio
between burden in organ and total burden accumulated in whole body of lead in different
tissues was similar between juveniles and adults. The lead content was, in both juveniles
and adults, higher in the hepatopancreas than in the muscle and in the exoskeleton.

Table |
Heavy metal concentrations (mg/kg) in Cherax destructor.

Tableau |
Concentration de métaux lourds (mg/kg) chez Cherax destructor.

Pb Pb Pb Cd Cd Cd
Sample Muscle Exoskeleton | Hepatopancreas Muscle Exoskeleton |Hepatopancreas
Average = S.D. | Average + S.D. | Average = S.D. |Average = S.D |Average + S.D.| Average =+ S.D.
Juveniles
n<10 0.26 + 0.13 0.63 +0.95 2.91 +1.01 0.02 + 0.02 0.05 + 0.01 9.2+2.85
Adults
<10 0.38 = 0.31 0.70 £ 0.32 2.11 £0.93 0.45 = 0.26 2.21+1.20 9.80 + 2.56
Cr Cr Cr Cu Cu Cu
Muscle Exoskeleton Hepatopancreas Muscle Exoskeleton | Hepatopancreas
Juveniles
10 6.18 = 1.12 14.42 + 5.47 38.22 + 10.87 12.15+5.74 16.80 = 5.21 18.27 +9.43
n=
Adults
n<10 4.35+0.99 14.41 + 4,53 60.10 = 19.97 7.82 +2.89 15.50 = 4.91 1794 + 798
Zn Zn Zn
Muscle Exoskeleton Hepatopancreas
Juveniles
n<10 38.14 = 16.53 29.61 +9.21 75.70 = 21.96
Adults
n <10 3.60 = 1.77 20.70 = 5.89 50.20 = 14.11

n = number of samples analyzed.

The relative amount of cadmium was higher in the muscle and in the exoskeleton of
the adults, compared to the juveniles. On the other hand, the amount of cadmium in the
hepatopancreas was similar in the juveniles and adults and much higher than the cadmium
content reported in the muscle and in the exoskeleton.

The chromium content was slightly higher (no statistical tests were run at this
stage) in the muscle of the juveniles than in the adults, while was almost as twice as much
in the hepatopancreas of the adults compared to the juveniles. The relative amount of
chromium was similar in the exoskeleton of the juveniles and adults. The metal content in
the hepatopancreas was much higher than in the other tissues.
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The amount of copper was slightly higher in all tissues of the juveniles compared
to the adults and in the hepatopancreas of both juveniles and adults with respect to the
other tissues.

The relative amount of zinc was much higher in all tissues of juveniles compared
to the adults, and higher in the hepatopancreas of both juveniles and adults compared to
the other tissues.

In sediment (Table 2) all the metals were present and the concentrations of lead,
cadmium and zinc were much above the maximum concentration allowed by the law
DM 471\1999 (5 mg/kg, 0.1 mg/kg, and 5 mg/kg, respectively). On the other hand,
the concentrations of chromium and copper were within the levels allowed by the law
DM 471\1999 (5 mg/kg in both cases), although the chromium level in sediment was
slightly higher (5.3 mg/kg). In water and plants all metals were present, except for
chromium which was not detectable in water. The heavy metal concentrations were lower
in water and plants than in the sediment (Table 2).

Table Il
Heavy metal concentrations (mg/kg) in the sediment and plants and heavy metal
concentration (pg/l) in the water.

Tableau Il
Concentrations en métaux lourds (mg/kg) dans les sédiments et les plantes et
concentration en métaux lourds (ug/l) dans I’eau.

Samole Pb cd cr Cu Zn
P Average = S.D. | Average + S.D. | Average = S.D. | Average =+ S.D. | Average + S.D.
:e_d;me”t 1391531 | 3837x175 | 531+152 | 3.03=1.02 | 81.34+957
i'f”;s 728+3.07 | 239+ 065 | 124089 | 270+079 | 55.77+3.65
Water
i 3.80+1.06 | 158032 n.d. 2371543 | 93.20 =8.67

n.d. = not detectable; n = number of samples analyzed.

DISCUSSION

In this study we present data about bioaccumulation and biomagnification of heavy
metals in farmed Cherax destructors. Lead, cadmium, chromium, copper and zinc were
measured in muscle, exoskeleton, and hepatopancreas of juveniles and adults, along
with the metal contents in water, sediment and plants. Bioaccumulation is an increase in
concentration of a toxicant in organs and tissues in excess of what is normally expected.
The toxicant is bioconcentrated if its concentration in organs and tissues exceeds those
of the surrounding air or water. Biomagnification refers to an enhancement of toxicant
concentrations in tissues and organs at each successive level in a food chain (KELLY
et al., 2004). Our data show that the contents of heavy metals, are higher in the tissues
with respect to water, indicating their bioaccumulation in Cherax destructor. Conversely,
their contents in sediment and plants the animals feed on, are in some cases (Pb, Zn)
higher than those detected in tissues and organs, suggesting that biomagnification does
not occur for all metals.
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Copper is an essential micronutrient for most organisms. Plants with less than
5 mg/kg can lead to copper deficiency in sheep and cattle, but with greater than 10 mg/kg
toxicity will occur in sheep (GRACE and WILSON, 2002). Although it is also considered
toxic in many aquatic organisms, this metal is an essential constituent of the crayfish
respiratory pigment. Hence, the relatively high levels of these metals can be attributed to
their essentiality. In our study, the copper concentration in the sediment was below the level
permitted by the law and in the plants it was even lower. However, both juveniles and adults
accumulated copper in their tissues, especially in the hepatopancreas. However, it should
be kept in mind that since copper is an essential metal, its supposed bioaccumulation
should be discussed in comparison with the level of copper in control specimens. Our
results are not in contrast with what reported by ALLINSON et al. (2000) in their study on
the bioaccumulation of dietary copper in Cherax destructor fed with contaminated plants.
Indeed, high copper concentrations were reported in gills, hemolymph and muscle, and in
the hepatopancreas, although the accumulation in this organ is not among the higher level.
We hypothesize that the discrepancy between our results and those reported by ALLISON
et al. (2000) is due to the short experimental period the animals underwent (3 weeks) in
the study carried out by ALLISON et a/ (2000). Although we have no precise indication
about the length of stay in the rearing ponds of the specimens used in our experiment,
the time is undoubtedly longer than three weeks. Indeed, juveniles were born in captivity
and adults were at least five month old. Our hypothesis is also supported by the results
reported by ANTON et al. (2000) on the relationship between metal content in crayfish
and environment conditions (water and sediment), which confirm copper bioaccumulation
in Austropotamobius pallipes and Pacifastacus leniusculus. Strangely, the same authors
report no bioaccumulation for cadmium and chromium in the same species, although the
chromium concentration in the sediment was consistent. Indeed, both metals were under
the level of detectability in the muscle and in the exoskeleton. In our study, chromium
levels in the sediment and in the plants was lower than in the tissues especially in the
hepatopancreas, suggesting both bioaccumulation and biomagnification. Cadmium levels
were three times higher in the hepatopancreas compared to the sediment and four times
higher compared to the plants, suggesting biomagnification for this metal. This result is
in good agreement with that reported for the crab Portumus pelagicus (McPHERSON
and BROWN, 2001). Food has been found to be an important source of cadmium for
crustaceans (VAN HATTUM et al., 1989; REINFELDER and FISHER, 1991; BARATA et al.,
2002) with assimilation efficiencies ranging from 1 to 30%. In Cherax destructor, cadmium
concentration in the muscle of juveniles and adults and in the exoskeleton of juveniles were
definitely lower than in the sediment and in the plants, which indicates that these animals
actively eliminate the metal. The relatively high amount of cadmium in the exoskeleton of
adults could be attributed to the lower frequency of moulting respect to juveniles. Indeed,
the exoskeleton may contain a significant proportion of the total body burden of metals, but
this may be reduced prior to moulting. Thus, the extending of this loss is uncertain (MANCE,
1990). STEENKAMP et al. (1994) found variation in the carapace manganese concentration
of Potamonautes warreni, likely related to the stage in the moult cycle. HILMY et al. (1988)
reported that mature crabs, Portunus pelagicus accumulated higher concentrations of zinc
than immature crabs. This is also true for the shrimp Penaeus vannamei (PAEZ-OSUNA and
TRON-MAYEN, 1996) and can be related to the lower frequency of moulting in the adults.
Differently, we found that juveniles accumulated more zinc than adults. We can hypothesize
that physiological needs can change between juvenile and adults. particularly in the light
that zinc is an essential metal On the contrary, LEE et al. (1998) found that zinc uptake in
bivalves was not significantly related to the body size.

Lead and particularly zinc are both present in the sediment and in the plants,
however, their concentrations in the tissues of Cherax destructor are lower, especially
in the muscle and in the exoskeleton, compared to the hepatopancreas, indicating no
bioaccumulation for these two metals. This is partially sustained by a study carried out



Bull. Fr. Péche Piscic. (2006) 380-381 : 1341-1349  — 1347 —

in the shrimp Palaemonetes varians, by BOISSON et al. (2003) indicating a relatively
low bioavailability of lead from contaminated food. We should indeed consider that the
presence of accumulated lead in the internal tissues is probably due to gut absorption
from contaminated seawater needed for osmotic regulation, and that this physiological
process does not attain the freshwater crayfish.

CONCLUSION

In conclusion, in this study we report data on heavy metal concentrations in farmed
Cherax destructor. Our data show that both bioaccumulation and biomagnification can
occur in edible tissues. This may lead to some dietary concern since crayfish are part of
the human diet, however, their role in human diet is very limited at least in our country.
Therefore we conclude that, although heavy metals are present in crayfish, this should not
represent a source of preoccupation for crayfish consumers.
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