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This paper studies the anatomical distribution of Hg, Cd, Pb, Cr, Ni, As, Ag, Cu and Zn in the scallop Pecten maximus and the possible implications in terms of shellfish management. Six organs were analysed: the mantle, gills, foot, digestive gland, kidney and gonad. On the basis of their anatomical distribution, two groups of metals were able to be distinguished: the first included Pb, Hg , Ni, Zn and Ag; and the second comprised the four other metals studied. The metals in the first group preferentially accumulated in the kidney (except for Pb), with generally much lower concentrations in the other organs. The metals in the second group accumulated mainly in the digestive gland. As and Cu were included in the second group, but they also had particular inter-organ distribution characteristics. Among the edible organs of the scallop, only the adductor muscle contained important proportions of one metal, arsenic (which is very likely accumulated as a non-toxic derivative). A selective evisceration of the metal rich non-edible organs may therefore be considered a reliable measure to be taken with a view to reduce the metal content of scallops used for human consumption. This could be especially relevant for Cd which is accumulated in high concentrations in the digestive gland.

Introduction

The king scallop Pecten maximus is an important resource in Galicia as well as in other areas of EU and Canada and therefore requires close monitoring of its content of substances that could have a harmful effect on human health, such as heavy metals. Other pectinids are known to accumulate large amounts of cadmium, even from unpolluted areas [START_REF] Stewart | Environmental Requirements of the sea scallop (Placopecten Magellanicus) in Eastern Canada and its response to human impacts[END_REF][START_REF] Uthe | Cadmium in sea scallop (Placopecten magellanicus) tissues from clean and contaminated areas[END_REF][START_REF] Francesconi | Cadmium in the saucer scallop, Amusium balloti, from western Australian waters: concentrations in adductor muscle and redistribution following frozen storage[END_REF]. If the ability of the king scallop to accumulate heavy metals is high, then the exploitation strategy of this species should take into account both the accumulated and the environmental metal concentrations.

Moreover, if the metal accumulation capability of this species is very high, as suggested by previous studies, then in some cases, its use as a resource for human consumption would be linked to the ability to eliminate or reduce such contaminants by means of specific treatments.

As the different parts of the soft tissues of this species vary in economic value, one of the possible treatments would be the elimination of the most toxic parts, provided that they are the ones with the lowest economic value. This approach has recently been used by the EU to minimise the effects of the accumulation of domoic acid, the main biotoxin responsible for Amnesic Shellfish Poisoning [START_REF] Fernández | Management of shellfish resources[END_REF].

Previous studies have dealt with metal distribution in various groups of scallop organs, but they did not separate all the possible fractions, taking into account only a reduced sub-set of the dangerous metals [START_REF] Topping | Heavy metals in shellfish from Scottish waters[END_REF][START_REF] Segar | The distribution of the major and some minor elements in marine animals[END_REF]. Only a few studies on metal distribution in scallop soft tissues have separated the kidney to analyse metals [START_REF] Khristoforova | Heavy metals in soft tissues of the scallop chlamys rosealbus[END_REF][START_REF] Segar | The distribution of the major and some minor elements in marine animals[END_REF] even though this organ may be considered an important accumulator. The objective of this study was to check whether the organs in scallops differ in their ability to accumulate metals and, as a consequence of this, to find the target organs to monitor metals in this species.

Material and Methods

Sample collection and treatment

One sample of 36 scallops Pecten maximus was collected in June of 2000 from the Ría de Arousa (NW of the Iberian Penindula) (Figure 1) to study metals in different organs. The scallops in the sample were pooled into 3 batches of 12 individuals each. The soft tissues extracted from scallops of each batch were carefully dissected to obtain the mantle, gills, foot, digestive gland, kidney and gonad (Figure 2). The organs were lyophilised and pulverised in a mixer mill of zirconium oxide. A 0.5 g portion of triturated samples was digested with nitric acid by heating in a microwave oven. The analytical determination of copper and zinc concentrations in the digest was performed by flame atomic absorption spectrometry.

Cadmium, lead, chromium, nickel, arsenic and silver were analysed by electrothermal atomic absorption spectrometry with Zeeman background correction and STPF (Stabilised Temperature Platform Furnace) conditions. Mercury was determined by flow injection system-cold vapour atomic absorption spectrometry. More detailed methodology was described elsewhere [START_REF] Saavedra | A simple optimized microwave digestion method for multielement monitoring in mussel samples[END_REF].

Validation of the techniques used was performed by intralaboratory quality control using two certified reference materials (Table 1) The main factors responsible for the variation in metal concentrations as regards the different organs examined were studied by means of Principal Component Analysis. All the statistical analyses were carried out using the Minitab 15 statistical package.

Results and Discussion

Target organs. Metal concentrations in different organs of the scallops

There is a high degree of organ specificity to the different metals studied, with the exception of arsenic (Table 2). The nine metals may be classified into two groups on the basis of their anatomical distribution, using Principal Component Analysis (Fig. 3). The first group includes metals that are closely related to the first principal component (PC1), and is characterised by preferential accumulation in the kidney. The second group includes the metals that are more closely related to PC2, where preferential accumulation takes place in the digestive gland. As neither of the two organs is included in the edible portion of the scallops, comprising the muscle and gonad, it would follow that the edible organs contained very low concentrations of metals, with the highest concentrations of metals being found in either the digestive gland or the kidneys, except for arsenic.

Arsenic

Scallops had similar concentrations in the gills and digestive gland, and showed the lowest dispersion among organs. Arsenic would therefore seem to exhibit a different organ affinity than other metals, as it is more evenly distributed throughout the body. Arsenic distribution in Pecten maximus has not been studied to date, but the concentrations found were similar to those in Patinopecten yessoensis (Shiomi et al. 1988), who also observed no marked differences in arsenic concentration among tissues. In Pecten maximus from Galicia the digestive gland contains by far the highest cadmium concentrations. Other work studying cadmium in organs of this species from different areas also pointed to the digestive gland as a target organ [START_REF] Segar | The distribution of the major and some minor elements in marine animals[END_REF][START_REF] Topping | Heavy metals in shellfish from Scottish waters[END_REF][START_REF] Bryan | The occurrence and seasonal variation of trace metals in the scallops Pecten maximus and Chlamys opercularis[END_REF] in scallops from the Irish Sea, Scottish waters and Plymouth area, respectively.

Most studies with other pectinids suggest that this is a general characteristic of this group of molluscs (Adamussium colbecki and Pecten jacobaeus, [START_REF] Mauri | Heavy metals in the Antartic scallop Adamussium colbecki[END_REF]Placopecten magellanicus, Greig et al., 1978;[START_REF] Uthe | Cadmium in sea scallop (Placopecten magellanicus) tissues from clean and contaminated areas[END_REF]Chlamys rosealbus, Khristoforova et al., 1989), with the possible exception of Mizuhopecten yessoensis in which [START_REF] Chelomin | Cadmium-induced alterations in essential trace element homoeostasis in the tissues of scallop Mizuhopecten yessoensis[END_REF] reported the kidney as being an important organ of cadmium accumulation. Other bivalves would also appear to concentrate cadmium preferentially in the digestive gland, but the difference in concentration as compared to other organs is much lower than in pectinids.

Different levels of this metal in the digestive gland have been found in the studied areas.

Cadmium concentrations in the digestive gland of Galician scallops are similar to those found in scallops from the Irish Sea (Pecten maximus, [START_REF] Segar | The distribution of the major and some minor elements in marine animals[END_REF] and Antarctica (Adamussium colbecki, [START_REF] Viarengo | Cu, Zn and Cd content in different tissues of the Antartic scallop Adamussium colbecki: role of metallothionein in heavy metal homeostasis and detoxication[END_REF]). The highest concentrations recorded to date have been found in scallops from English Channel [START_REF] Bryan | The occurrence and seasonal variation of trace metals in the scallops Pecten maximus and Chlamys opercularis[END_REF], three times above the levels reported here . The lowest values have been reported in Scottish [START_REF] Topping | Heavy metals in shellfish from Scottish waters[END_REF] and Adriatic [START_REF] Mauri | Heavy metals in the Antartic scallop Adamussium colbecki[END_REF]) scallops. It is important to consider that the differences cited in cadmium concentration may be due not only to different environmental levels of this metal, but also to the interspecific variation in the capacity of the scallops examined to concentrate cadmium in the digestive gland. This interspecific variation has been suggested by [START_REF] Bryan | The occurrence and seasonal variation of trace metals in the scallops Pecten maximus and Chlamys opercularis[END_REF] to explain differences in cadmium concentrations between Pecten maximus and Chlamys opercularis collected from the same area; and [START_REF] Mauri | Heavy metals in the Antartic scallop Adamussium colbecki[END_REF], who attributed a greater capability of cadmium accumulation in the digestive gland to Adamussium colbecki rather 

Chromium and copper

In addition to cadmium, the digestive gland is a site of selective chromium and copper deposition, which is in agreement with previous studies [START_REF] Mauri | Heavy metals in the Antartic scallop Adamussium colbecki[END_REF][START_REF] Vashchenko | Assessment of the state of the japanese scallop Mizuhopecten yessoensis in Alekseeva Bight (Peter the Great Bay, Sea of Japan) based on morphological and biochemical parameters[END_REF][START_REF] Zaroogian | Copper accumulation in the Bay Scallop, Argopecten irradians[END_REF]. Notwithstanding, these metals are less selectively deposited than cadmium. The kidney is the second most important organ for chromium accumulation and gonads have copper concentrations similar to those of the kidney.

Zinc

The resulting data would point to the kidney as the target organ for zinc. Zinc concentrations in the kidney have been shown to be higher that those found in other organs of Pecten maximus in other studies with the same species [START_REF] Bryan | The occurrence and seasonal variation of trace metals in the scallops Pecten maximus and Chlamys opercularis[END_REF]. However, the gonad has also been reported as an important organ, -the principal organ, in fact-of zinc concentration [START_REF] Topping | Heavy metals in shellfish from Scottish waters[END_REF]. Notwithstanding, the metal concentrations reported by [START_REF] Topping | Heavy metals in shellfish from Scottish waters[END_REF], as in most of the studies, referred to mixed viscera (including the digestive gland and kidney), and the organ having the highest concentration of metals was unknown. Although the great capability of the kidney to concentrate zinc is also a characteristic of other scallop species [START_REF] Mauri | Heavy metals in the Antartic scallop Adamussium colbecki[END_REF] and bivalves [START_REF] George | Metabolism of zinc in the mussel, Mytilus Edulis (L.): a combined ultrastructural and biochemical study[END_REF]Pirie, 1980, Ahn et al., 1996), few differences between the gonad and kidney were reported by [START_REF] Karaseva | Accumulation of heavy metals in gonads and somatic organs of bivalve mollusks[END_REF] in females of Mizuhopecten yessoensis and most zinc concentrations appeared in the gills of other scallop species [START_REF] Khristoforova | Heavy metals in soft tissues of the scallop chlamys rosealbus[END_REF][START_REF] Khristoforova | Metal concentration in tissues of the scallop Mizuhopecten yessoensis of different age[END_REF].

Zinc renal concentrations in Pecten maximus found in this study were lower than those from the English channel and Scottish waters, but higher than those in other scallops, which would 

Mercury

Our results point to the kidney as a target organ for mercury accumulation. The digestive gland was also found to contain higher concentrations than the rest of the tissues. As far as we know, this is the first study dealing with the anatomical distribution of Hg in Pecten maximus, so there are no other data available to support our findings. In other Pecten species, P. alba, [START_REF] Walker | Effects of length, locality and tissue type on mercury and cadmium content of the commercial scallop, Pecten alba Tate, from Port Phillip Bay, Victoria[END_REF] found the highest levels of mercury in the inedible viscera which contains the digestive gland, among other organs.

Lead

This metal was concentrated preferentially in the kidney followed by the digestive gland. The concentration found in this latter organ was more than half as much as that found in kidney. [START_REF] Bryan | The occurrence and seasonal variation of trace metals in the scallops Pecten maximus and Chlamys opercularis[END_REF], studying scallops from Plymouth, also found a preferential concentration in the kidney, but the concentrations he found in this organ were one hundred times higher that those in digestive gland, instead of less that double, as found in this study, despite the fact that the scallops had similar total lead concentrations. Other forms of Pb or a different physiological status might be involved in this difference.

Silver

In this study the kidney displayed the most important silver concentrations and the digestive gland, foot and gonads had concentrations in the same order of magnitude as the kidney.

Several other studies have pointed to the digestive gland as the main silver accumulator organ for Pecten maximus [START_REF] Bryan | The occurrence and seasonal variation of trace metals in the scallops Pecten maximus and Chlamys opercularis[END_REF][START_REF] Segar | The distribution of the major and some minor elements in marine animals[END_REF] and the foot has been shown as one of the highest silver accumulator organs in Chlamys varia by [START_REF] Martoja | Effects de la contamination expérimentale par l´argent chez Chlamys varia l. (bivalve, pectinidé). Données quantitatives, histologiques et microanalytiques[END_REF].

Notwithstanding, it is important consider that total concentrations in our study are smaller that 

Nickel

Here the results showed that nickel is selectively accumulated in the kidney, supporting the findings of [START_REF] Bryan | The occurrence and seasonal variation of trace metals in the scallops Pecten maximus and Chlamys opercularis[END_REF] who, in the same species, reported higher kidney than digestive gland concentration factors. In other studies, where the kidney was not separated as an individual fraction for nickel analysis, the most important nickel concentrations were found in the digestive gland of Pecten maximus [START_REF] Segar | The distribution of the major and some minor elements in marine animals[END_REF], the digestive gland and gills of Chlamys rosealbus [START_REF] Khristoforova | Heavy metals in soft tissues of the scallop chlamys rosealbus[END_REF], the visceral mass and gonads of Placopecten magellanicus [START_REF] Greig | Trace metals in sea scallops, Placopecten magellanicus, from Eastern United States[END_REF] and the gills of Mizuhopecten yessoensis [START_REF] Khristoforova | Metal concentration in tissues of the scallop Mizuhopecten yessoensis of different age[END_REF].

Organ contributions-relative importance of metals in different tissues.

As cited above, the highest concentrations of metals are found either in the kidneys or digestive gland. The importance of each organ in determining the metal concentration of the whole soft tissues of a bivalve depends not only on the concentration but also on the weight of each specific organ. Taking this into account, the adductor muscle (the largest organ) appears as the principal contributor for mercury (38% of the total metal burden), nickel (38%), arsenic (56%) and zinc (36%) (Table 3). The digestive gland contained by far the greatest amount of cadmium (84% of total cadmium). Similar percentages have been reported in most studies on different scallop species [START_REF] Uthe | Cadmium in sea scallop (Placopecten magellanicus) tissues from clean and contaminated areas[END_REF][START_REF] Francesconi | Cadmium in the saucer scallop, Amusium balloti, from western Australian waters: concentrations in adductor muscle and redistribution following frozen storage[END_REF]. The digestive gland was also the main contributor for chromium, copper, silver and lead; but, in the case of silver and lead, gonad and muscle contributions, respectively, were similar to those of the digestive gland. Thus, the digestive gland and muscle are the organs which may play a key role as being toxic or harmful in terms of human consumption in relation to the total metal body burden, especially for cadmium and arsenic, respectively. Notwithstanding, arsenic in the muscle probably does not pose a real problem for human consumption, since arsenobetaine, a nontoxic form of arsenic, was found to be the major fraction of this metal in scallop speciation studies (Shiomi et al., 1988[START_REF] Lai | Arsenic speciation in scallops[END_REF]. Consequently, in view of the anatomical distribution of the metal contents, especially cadmium, it would seem that the elimination of the non-edible body fractions could substantially reduce the elements harmful to human consumption and this might be a feasible way to reduce the incidence of these metals in pectinid fisheries. Furthermore, if this approach (evisceration of scallops) were taken into account by EU legislation on the established Cd legal limits (Commission Regulation EC No 1881/2006), it might be a solution for scallops marketing.

Conclusions

Two groups of metals were found on the basis of their anatomical distribution: one group was preferentially accumulated in the digestive gland and the other, in the kidney. As is the only metal homogeneously distributed among the different organs.

The adductor muscle and digestive gland were the organs that contributed in the greatest proportion to the total metal burden and therefore to metal concentration. Notwithstanding, the adductor muscle was only of primary importance in the case of arsenic, having, therefore, little repercussion on human health, as this metal appears to be found in scallops in a mostly non-toxic form. From a practical point of view, the presence of the maximum concentrations of metals, especially cadmium, in non-edible organs such as the kidney and digestive gland, together with the fact that the two most valuable organs of the scallop Pecten maximus for human consumption -the adductor muscle and gonad-were found to concentrate the metals at substantially lower levels than other organs, with the sole exception of arsenic, which was accumulated in only slightly lower concentration , opens the possibility of using selective evisceration of scallops to improve their quality for human consumption. Foot 0.7 0,5+0,05 0,3+0,1 0,6+0,1 0,8+0,2 1,0+0,2 0,5+0,01 3,3+0,5 0,7+0,2 0,3+0,0 Kidney 0.4 3,1+0,3 0,05+0,0 2,7+1,2 1,0+0,2 4,8+0,5 0,4+0,01 2,4+0,1 1,1+0,1 18,7+4,2 
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Table 1 .

 1 Metal concentrations (mg Kg -1 ) in certified reference materials CRM 278 R (As, Cd, Cr, Cu, Hg, Pb and Zn) and NIST 1566 b (Ni and Ag).
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Table 2 .

 2 Metal concentrations in the organs of Pecten maximus. Results were expressed as mean and standard deviation of three batches.

	Organ	Hg	Cd	Metal concentration (mg kg -1 , dry weight) Pb Cr Ni As Ag	Cu	Zn
	Mantle 0.082+0.010 3.6+0.3 0.91+0.28 1.4+0.2	1.0+0.2 9.9+0.5 0.31+0.02	4.5+0.2	95+11
	Gills	0.15+0.01 6.1+1.0 1.7+0.6	1.8+0.4	2.1+0.2 16+0.3	0.37+0.03 7.6+0.51	213+37
	Gonad	0.070+0.003 2.6+0.2 1.1+0.1 0.82+0.31 1.1+0.1 8.5+0.9 0.57+0.06	15+1	223+16
	Digestive gland	0.24+0.01	120+8	4.8+0.4	5.2+0.6	3.3+0.3 15+0.9	0.67+0.04	28+2	210+24
	Muscle 0.054+0.001 1.3+0.2 0.45+0.08 0.20+0.13 0.70+0.14 10+0.1 0.055+0.002 1.8+0.4	94+5
	Kidney	0.70+0.05 1.8+0.1 7.5+2.2	2.7+0.8	14+2	11+1	1.5+0.10	18+1	7737+1459
	Foot	0.064+0.003 5.6+1.3 0.95+0.10 1.2+0.1	1.6+0.4 8.3+0.4	1.1+0.1	6.5+1.0	75+8

Table 3 .

 3 Contribution of each organ of scallop to total weight and metal content. Results were expressed as mean and standard deviation.

	Organ	% W	%Hg	%Cd	%Pb	%Cr	%Ni	%As	%Ag	%Cu	%Zn
	Muscle	58	37,6+0,8 6,1+0,2 24,5+1,8 11,0+5,1 38,2+5,2 55,6+1,1 13,8+0,2 16,2+3,6 35,8+2,4
	Mantle	15	15,2+1,2 4,6+0,1 12,9+2,4 21,7+2,2 15,0+1,5 14,3+0,8 20,3+0,5 11,0+0,9 9,6+0,8
	Gonad	11	8,6+1,0 2,3+0,3 11,1+1,7 9,1+4,1	11,0+1,3 8,6+0,8 26,1+0,6 26,1+3,6 15,6+1,1
	Digestive gland	8.6	24,5+1,6 83,9+0,4 39,0+3,1 45,8+3,5 27,4+7,2 11,9+0,9 24,9+0,3 38,2+2,2 11,8+1,8
	Gills	5.8	10,4+0,6 2,9+0,4 9,1+2,5 10,7+0,4 11,8+3,2 8,6+0,2	9,2+0,1	6,9+0,2 8,1+1,7
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