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Differential accumulation of trace elements in ventral and dorsal muscle tissues in tilapia and milkfish with different feeding habits from the same cultured fishery pond
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Abstract
There were many studies that reported the concentrations of trace elements in fish and assessed the human health risk through consumption of contaminated fish. However, fish species with different feeding habits may accumulate toxic elements differentially in their muscle. In this study, we conducted a field survey to analyze concentrations of ten trace elements in water, sediment, artificial feed, and different part of muscles either with or without skin of two species of fish, tilapia and milkfish. The results of this study showed that the ventral and dorsal muscles with skin contained higher concentrations of metals than those without skin for both species of fish. Tilapia lives in the bottom layer, the ventral part therefore contacts closely with sediment. A higher metal concentration in ventral muscle was obtained in this study when compared to dorsal muscle for tilapia. The estimated Metal Pollution Index (MPI) of tilapia is higher than that of milkfish. Our results indicated that metal concentrations in muscle of tilapia are mainly originated from sediment. However, sources of metal concentrations in muscle of milkfish can be from sediment and artificial feed. 
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INTRODUCTION
Taiwan is a densely populated island nation with a surface area of 36,000 km2, of which 2/3 is mountainous terrain. Land suitable for human use is limited. Taiwan's southwest coast area is basically plain, and has thus been diversely developed with urban cities, industrial zones, agricultural farms, and fisheries farms. Due to the geographical characteristics, aquaculture is commonly located in the southwest coastal area of Taiwan. However, the intensive use of land means that many fish farms are situated near industrial zones, which are areas where most environmental toxic element pollutants are derived from. When the toxic elements accumulate to certain levels in the environments or human body, they cause both ecological damage and human health problems. Research showed that consumption of contaminated food is the most likely route of exposure to toxic elements for humans (Wang et al., 2005). These contaminated substances accumulate in the higher ranking consumers in the food chain through bioaccumulation. When humans consume food with high concentrations of toxic elements, human health would be at risk (Adeniyi et al., 2008; Chi et al., 2007). Studies showed that people consume contaminated fish can cause damage to the nervous, digestive system, liver and kidneys. (Bervoets and Blust, 2003; Farombi et al., 2007; Oyewale and Musa, 2006).
Tilapia (Oreochromis mossambicus) and milkfish (Chanous chanous) are two main cultured fish in Taiwan’s aquaculture and are also commonly consumed by Taiwanese. According to statistics between years 1999 to 2008 from the Fisheries Agency, Council of Agriculture, Taiwan, tilapia and milkfish contributed most to national aquaculture production in Taiwan (Taiwan Fisheries Agency, 2008). Many fishery ponds culture both tilapia and milkfish in the same pond. Interestingly, these two types of fish have different feeding habits. Tilapia is classified as a bottom-feeding fish (Kong et al., 2005; Wong et al., 1996), whereas milkfish is a planktotrophic feeding pattern fish (Kong et al., 2005; Leung et al., 2010). Tilapia is an omnivorous fish whose habitat is in the bottom layers of water column. It feeds by digging through sediment in search of food (dead plankton, algae, etc). In contrast, milkfish lives in a higher layer in water column, preferring artificial feed and plankton (Kong et al., 2005; Leung et al., 2010). Many studies showed that metal accumulation varies for different types of fish with different feeding habits (Adhikari et al., 2009a; Chi et al., 2007; Turan et al., 2009). The bottom-feeding fish have prolonged contact with sediment with high metal contamination and accidentally consume sediment when digging through it in search of food. Consequently, it is suggested that the bottom-feeding fishes may have higher metal concentrations in their muscle tissues than those of planktotrophic feeding pattern fishes. However, studies of the impact of different feeding habits on metal concentrations in fish from the same fishery pond are limited.
In Taiwan as well as in many Asian countries, people generally consume fish by eating the dorsal and ventral muscles without removing skin. Adhikari et al. (2009b), Chi et al. (2007), Salami et al. (2008), and Uysal et al. (2009) have shown that some of the metal concentrations in fish skin were higher in fish muscle. For instance, Chi et al. (2007) determined Cr, Zn, Cu, Cd, and Pb contents in four types of fish in Taihu Lake, China. They found that Cr contents mainly enriched in the skin and gonads. For this reason, it is suggested that determination of level of toxic elements in both edible portion (muscle and skin) is extremely important for human health.
In this study, it order to determine if different feeding habits can be associated with differential metal concentrations in muscle tissue of cultured fish, we focused on two major species of cultured fish in Taiwan, tilapia and milkfish. These two types of fishes have been exposed to the same aquaculture environments in the same fish farm. Due to the differences in feeding habits of these two species, the main purpose of this study was to determine if the bottom-feeding tilapia have higher metal concentrations in ventral muscle than those of planktotrophic-feeding milkfish. The association of the metal contents inside the aquaculture environments (water and sediment), in the artificial feed, and in the dorsal and ventral muscles with and without skin of tilapia and milkfish were investigated in this study. In addition, the sources of metal in muscle of fish were determined.
MATERIALS AND METHODS
Sample site

Fangyuan Township (FT) in the Changhua County in the middle west coast of Taiwan was selected as the sample site for this study (Fig. 1). Changhua County is a mixed agricultural and industrial area, with eight developed and scheduled industrial parks: Changhua Coastal, Chuansing, Fusing, Tianjhong, Dashin, Beidou, Bitou, and Fangyuan. Fangyuan Township is located in the southwest area of Changhua County. Aquaculture is highly developed in Changhua County. Approximately 27% of the 5100 aquaculture workers in Changhua County are in Fangyuan Township. Most fish farmers used mixing groundwater and seawater to cultivate fishes. The largest industrial emission source, Changhua Coastal Industrial Park, is about 10 km from the sampling site. The location of the sample site and related industrials parks is shown in Fig. 1. The size of the pond in this study is approximately 900 m2 (30 m(30 m). The depth of water is approximately 1.2 m for this fishery pond.
Sample collection, processing, and preservation

Samples were taken on September 7, 2009. Three water sampling spots were selected at the fish farm, and a clean sampling bottle made of PE material was used to take water samples. Three 500 mL water samples per sampling spot at depth of 50 cm below water surface were collected. It is assumed that there was a good horizontal mixing for the fishery pond. Therefore, it is suggested that the depth of sampling can be selected to be near the centre part of the fishery pond (Bartram and Balance, 1996). After the water sample was acquired, 0.01 M nitric acid was added immediately to acidify the water sample. After sealing, each bottle was numbered and labeled with the collection location, date, and time.
A sampling scoop was used to dig up sediment from underwater (about 0-10cm deep from the surface of the sediment). The sediment sampled was poured into a stainless steel shallow dish. The mixed-sample method was then applied (USEPA, 2002). The sampling scoop was used to obtain sediment three times at the same water sampling site, and each time the sediment obtained was scrutinized with the naked eye for appearance and color. If there was significant difference in appearance or color, the sampled sediment would be discarded and another one would be obtained. The three sediment samples taken at the same place were then mixed thoroughly and put into a sealed bag as one composite sample. In this study, three composite samples were collected from the fishery pond.  
Feed was taken from the fish farm's artificial feed supply and stored in sealed bags with every sample numbered. All samples were sent to the laboratory immediately after collection. The water, sediment, and artificial feed samples were kept at 4(C until processing.
At the laboratory, sediment samples were spread on the plastic trays in fume hood and allowed to dry at room temperature. After drying for 8 days, sediment samples were ground in a centrifugal ball mill in order to homogenize them and passed through a 500 (m sieve and were kept in polypropylene containers at room temperature before analysis.
In this study, fishing nets were used to catch fish samples. Twenty specimens of both tilapia and milkfish were caught. All the fish samples were caught at the same area. After length was measured, fish samples were sealed in polythene bags and transported to the laboratory in ice on the same day.
In order to determine whether there were differences in metal concentrations between fishes with different feeding habits or fish parts, the dorsal and ventral muscles of the fish were dissected. To investigate the differences in metal concentrations of fish tissue before and after skin removal, the dorsal and ventral muscle samples were then further divided into two groups: with and without skin. After dissection, the samples were dehydrated in a dryer (100(C) for 96 hours, and then uniformly ground into powder and stored at (20(C until the metal content was measured.
Analyses of metal

This study analyzed ten elements: arsenic (As), cadmium (Cd), cobalt (Co), chromium (Cr), copper, (Cu), manganese (Mn), nickel (Ni), lead (Pb), selenium (Se), and zinc (Zn). After the water sample was centrifuged, inductively coupled plasma-mass spectrometry (ICP-MS) (PerkinElmer ELAN DRC II ICP-MS) was applied to measure the concentrations of the various metals.
Digestion of the sediment samples was carried out using the microwave assisted acid digestion (MAAD) method. This was done by adding 9 mL HNO3, 3 mL HCl, and 3 mL HF to approximately 0.5 g dried sediment placed in digestion vessels. The sediment was then predigested in a fume hood for 15 minutes. MAAD was then applied to heat the sample up to 180(C for 15 minutes. After cooling, samples were diluted to a volume of 100 mL with deionized water. Inductively coupled plasma-mass spectrometry (ICP-MS) (PerkinElmer ELAN DRC II ICP-MS) was then used to determine the metal concentrations.
Digestion of the artificial feed was performed using the MAAD method. Uniformly ground feed samples of 0.5 g were weighed. Then 10 mL of HNO3 was added and waited for 15 minutes for decomposition. Then, the samples were heated by microwave to 180(C for 15 minutes, ensuring the predigestion was complete and were diluted to 25 mL. ICP-MS was then applied to determine the metal concentrations.
Fish samples were digested by using MAAD. That is, 10 mL of HNO3 was added for every sample of 0.5 g (dry weight). After 15 minutes of predigestion, samples were heated to 180(C for 10 minutes. After the decomposition, the samples were diluted to 25 mL and preserved at 5(C until analyzed. The concentrations of metals were measured with ICP-MS to determine metal concentrations for the dorsal and ventral muscles both with and without skin.
In addition to the field samples, quality control samples were collected and analyzed during laboratory analysis. The digestion and analytical procedures were checked by analysis of certified reference material Dorm-2 (dogfish muscle, National Research Council, Canada) for nine elements (As, Cd, Co, Cr, Cu, Mn, Ni, Pb, and Zn) in every batch digestion. The results of analysis showed that replicate analyses of these reference materials had good accuracy. The recovery rates for metals were between 80% and 120%.
Metal Pollution Index (MPI) Estimation
To compare the total metal contents for the contamination condition at different feeding habits fishes of dorsal and ventral muscles with/without skin, the metal pollution index (MPI) is implemented (Usero et al., 2005). The MPI is expressed symbolically as
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where CFi is the concentration for the metal i in the fish muscle and n is the total number of metals analyzed. In this study, ten metals were analyzed. Hence, n is 10 in this study. The MPI is used to indicate the degree of contamination in fish muscle. It is suggested that the higher the value of calculated MPI, the higher degree of contamination in fish sample is considered (Usero et al., 2005). 
Statistical Analysis

In this study, the data were statistically analyzed using the software package STATSTICA (StatSoft, Inc., Tulsa). Raw data did not show significant (p(0.05) differences from normality (Kolmogorov-Smirnov test for goodness of fit). Student’s t-test was performed to study differences in metal concentrations between dorsal muscle and ventral muscle. Student’s t-test was used to study differences in metal concentrations between muscle with skin and muscle without skin. Pearson’s correlation coefficients were used to examine relationships between the elements in the muscle of the fish species. Significance levels of tests are indicated by asterisks according to the following probability ranges: *p(0.05; **p(0.01; ***p(0.001. 
RESULTS AND DISCUSSION
Metal concentration in pond water, sediment, and artificial feed

Table 1 summarized the metal concentrations in pond water, sediment, and artificial feed collected at the sampling site in this study. The water quality standards for class 2 aqua-cultural water set by the Taiwan Environmental Protection Agency is presented in Table 1 (Taiwan EPA, 1998). We also presented the sediment quality standards for the threshold effect level (TEL) and the probable effect level (PEL) suggested by the USEPA (USEPA, 1995) in Table 1. The results of the field survey indicated that the metal concentrations in water from the fish farm met most water quality standards for class 2 aqua-cultural water, except for Cu (32.10 µg L(1), Mn (195.89 µg L(1), and Se (60.14 µg L(1). These levels exceeded the standards, which are 30 µg L(1 for Cu, 50 µg L(1 for Mn, and 50 µg L(1 for Se.
Mn appeared to be the major water pollution problem at this particular fish farm in Fangyuan Township, Taiwan. The ratio of Mn concentration in pond water (195.9 (g L-1) to water quality standard (50 (g L-1) set by the Taiwan Environmental Protection Agency is approximately 3.9 times. It indicated that the level of Mn in pond water were higher than the water quality standards. The concentration of As in water was 32.94 µg L(1. It was lower than the class 2 aqua-culture water standards which was 50 µg L(1. However, when comparing with As concentrations found in other studies, we found that the concentration of As in this study was relatively high. Alma et al. (2001) indicated that As concentration found in Lake Kasumigaura, Japan was 3.10 µg L(1, while Feldlite et al. (2008) showed that As concentration was less than 15 µg L(1 in the reclaimed water and the freshwater of the fishpond in Israel. Although humans do not drink fish farm water directly, many studies (Conroy et al., 1996; Leblanc, 1995; Lin and Liao, 1999) have indicated that pollutants in aquatic environments can not only cause damage to aquatic live, but also indirectly affect humans through bioaccumulation. When an aquatic habitat is contaminated by metals, pollutants can accumulate in fish and shellfish that inhabit the farm water through the processes of bioconcentration and biomagnification. Humans, who consume these fish or shellfish, then absorb the pollutants in a concentrated form and can suffer adverse effects as a result.
The results of analysis of metal concentrations in sediment were summarized in Table 1. Zn had the highest concentration at 246.8 µg g(1, which was higher than the sediment quality standards for the Threshold Effects Level (TEL) at 150 µg g(1 (USEPA, 1995); however, the Zn content was lower than the Probable Effects Level (PEL) at 410 µg g(1. When comparing with other reported data, we found that the Zn content in this study was higher than the concentrations obtained by Adhikari et al. (2009b) and Alma et al. (2001) at 100.30 and 184.02 µg g(1, respectively. Similarly, concentration of Cu in sediment was measured at 56.7 µg g(1 in this study, which was higher than the sediment quality standards for the TEL at 34 µg g(1 and lower than the PEL at 270 µg g(1. Concentrations of other metals, such as Cd, Cr, and Pb, in sediment were all below the TEL values in this study.
The concentrations of the 10 elements in fish feed investigated in this study were summarized in Table 1. The levels of measured Zn (93.2 µg g(1) and Mn (58.5 µg g(1) in artificial feed were distinctly higher than those of other metals (Table 1). Alma et al. (2001) showed similar results with Zn and Mn much higher than other metal concentrations in fish feed in Japan. The Zn and Mn contents in their study were 70.02 and 72.44 ug g-1, respectively. Metal concentrations in the fish feed obtained in our study were of the same order of magnitude as those observed in Japan (Alam et al., 2001).

Fuller et al., (1990) and Juan et al., (1994) suggested that the ratio of metal concentration in sediment to water generally falls between 103 and 105. Fig. 2 is the plot of ratio of measured metal concentrations in sediment to water in this study. The ratio is plotted in Log scale. Generally, the ratios of metal concentrations in sediment to water in this study were within the range mentioned above. The exceptions were As and Se. Their ratios were lower than 103.
Creti (2010) suggested that when artificial feed is introduced into the water, unfinished food and excreta produced by fish are repeatedly deposited into the sediment, resulting in the sediment accumulating metal. It indicated that continuous input of fish feeds containing high concentrations of metals into the fishery pond system may have potential to raise the local concentrations of metallic elements in the sediments.
Metal contents in muscles with/without skin of fish

Table 2 summarized the metal concentrations in dorsal and ventral muscles either with or without skin, for tilapia and milkfish. The results illustrated that both the dorsal and ventral muscles with skin generally had higher metal concentrations than those without skin for both fishes. For tilapia, most of the metal concentrations in ventral muscle with skin were higher than those without skin, except for Co, Ni and Pb. Metals such as Mn, Se, and Zn in ventral muscle with skin of tilapia were significantly higher (p < 0.05) than those of in ventral muscle without skin. In addition, concentrations of Cr, Cu, Pb, Se in ventral muscle with skin of milkfish were significantly higher (p < 0.05) than those of in ventral muscle without skin. 

The results of our analysis were similar to those obtained by Jabeen and Chaudhry (2010). Their analysis showed that concentration of Pb in skin was lower than that of in muscle of tilapia from two sites of Indus River. In our study, the mean concentration of Pb in ventral muscle of tilapia with skin is 0.43 (g g-1. It is lower than the concentration of Pb in ventral muscle without skin (0.53 (g g-1). However, the margin of the difference was not statistically significant. Yilmaz et al., (2010) suggested that higher concentration of metals in skin is because of its direct contact with surrounding water. Their analysis showed that the highest concentrations of element, such as Fe, Cu, Mn, Sr, Cr, Cd, Co, and Pb, were found in the liver and skin. 
In Table 2, we presented the criteria of metal concentrations in fish to protect human health set by China National Standards Management Department (2001). The measured As, Cr, Se, and Zn concentrations in tilapia and As, Cr, Pb, Se, and Zn concentrations in milkfish in this study were higher than the standards to protect human health, indicating that fish ponds located in the vicinity of industrial areas can result in higher concentrations of metal in edible parts of fish tissue. We strongly suggest that attention should be paid to protect human health for not to over-exposed to metal contaminated fish.
Table 3 summarized the reported metal concentrations in muscle of tilapia found in the literatures (Ling et al., 2009; Cheung et al., 2008; Lin et al., 2005). Comparing with other studies, most of the metal concentrations measured in ventral muscle with skin in this study were considered to be relatively high. This may be due to the fact that the purpose of other studies (Cheung et al., 2008; Lin et al., 2005) was not to identify the difference of metal concentrations between dorsal and ventral muscles. In addition, as mentioned previously, the fish farm selected in this study is located in the vicinity of an industrial complex. It indicated that fish ponds located in polluted areas can result in higher concentrations of metals in fish tissue.
Due to higher metals concentrations in muscle with skin found in this study, it is suggested that in performing health risk assessment of consuming contaminated fish, it is necessary to clearly specify in the analytical procedure as to whether the skin is removed or not. Otherwise, it might underestimate the exposure and the impact of human health.
The difference in metal concentrations in different parts of muscles
The differences of metal concentrations in different parts of muscles were compared in this study.  Fig. 2(a) and 2(b) showed the differences of metal concentrations in different parts of muscles (dorsal and ventral) for tilapia and milkfish, respectively. For tilapia, the ventral muscle had significantly higher (p < 0.05) Co, Pb, and Se concentrations compared to the dorsal muscle. In contrast, the concentrations of Cd and Cr were significantly higher (p < 0.05) in ventral muscle than in dorsal muscles of milkfish.
It is suggested that higher concentrations of metal in ventral muscle tissue of tilapia were associated with the tilapia ventral muscles having long contact with sediments with high metal concentrations. In addition, tilapia is always direct consumption of sediment or filtering sediment particles for microorganisms and organic matter as food (Magnusson et al. 2006; Ozkoc et al. 2007). This would lead to ventral muscles accumulating higher metal concentrations when compared to dorsal muscles.
Since the metal concentrations in dorsal and ventral muscles are generally different, it is, therefore, suggested that when conducting a human health risk assessment of consumption of contamination fish, it is important to distinguish whether or not ventral or dorsal muscles are consumed.
The difference in metal concentrations in fishes with different feeding habits

In this section, the metal concentrations in two different feeding habits of fish were compared. In Table 2, it was noticed that the concentrations of As, Cd, Cr, Cu, Mn, Ni, Se, and Zn in ventral muscle with skin of tilapia were higher than those of in the ventral muscle with skin of milkfish. The result of this study is in consistence with the results obtained by Chi et al. (2007). They found that the concentrations of Cd, Cu, and Zn in edible part of muscles of pelagic fish species were lower than those of in benthic fish species.

We used the metal pollution index (MPI) to indicate the contamination condition for these two types of fish. Fig. 4 clearly showed the mean MPI in fish muscle with skin were higher than those without skin for both species of fish. In addition, both species had higher mean MPI values for the ventral muscles than for the dorsal muscles. The mean MPI for the ventral muscle in tilapia showed the highest value among the eight calculated MPI values in this study. It indicated that the ventral muscle of tilapia had the highest level of metal contamination in comparison with the dorsal muscle of tilapia, and the ventral and dorsal muscle of milkfish. Many studies also showed that bottom-feeding fish have inherently higher metal concentrations than planktotrophic-feeding fish (Canli and Atli, 2003; Piraino and Taylor, 2009; Rejomon et al., 2009; Yamazaki et al., 1996). The results of this study were consistent with these finding.
Profile of metals in water, artificial feed, sediment, and muscles of fish species from this study
In this study, we analyzed concentration of ten metals in water, sediment, and artificial feed. We also analyzed the same ten metals concentration in muscle tissue of two species of fish, tilapia and milkfish. In order to identify the sources of contamination in the muscle tissue of tilapia and milkfish, the relative abundance of metals in sample is estimated. This method is widely used to find groups of samples with similar composition which could be originated by a known source of dioxins or assigned to a generic one (Carballeira et al., 2006; Jin et al., 2009; Yu et al., 2010). The relative abundance of metals in sample is calculated using following equation:
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is the summation of ten metal concentrations in medium j; n is the number of metals analyzed. In this study, n is ten. The medium j in this study includes water, sediment, artificial feed, and muscle tissue of tilapia and milkfish.

Bar graphs were plotted as shown in Fig. 5(a), 5(b), and 5(c) to present the profile data of metal compositions in pond water, sediment, and artificial feed. In addition, metal compositions in muscle tissues of two species of fish were also presented in Fig. 5(d) and 5(e) for tilapia and milkfish, respectively. By using this graphic approach, it is easier to observe the similarity of metal compositions in muscle tissue and sources of contamination (water, sediment, and artificial feed).

The profile of metal composition in water showed that the top three abundant metals in water were Mn, Ni, and Se. We found that the metal composition in water in this study is similar to that of water sample taken at Lake Kasumigaura, Japan (Alam et al., 2001). In that study, the top three abundant metals in water were Mn, Se, and Ni. Moreover, Mn was significantly enriched in the water sample at Lake Kasumigaura. It contributed approximately 80% of the total measured metal concentrations in water.
The profile of metal composition in water samples was significantly different from the profile of metal compositions in sediment and artificial feed in this study. The most abundant metals in sediment and artificial feed were Zn, followed by Mn. These two metals comprised about 90% and 70% of the ten measured metals in artificial feed and sediment, respectively. Oyewale and Musa (2006) suggested that when artificial feed is fed into the water environments, unfinished food and excreta produced by fish are deposited into the sediment, resulting in the sediments accumulating metal repeatedly in the ponds. Therefore, we found that the profile of metal composition in sediment is very similar to that of in artificial feed in this study.
As shown in Fig. 5, the profile of ten measured metals in both muscle tissues of tilapia and milkfish were very similar to those of in sediment and artificial feed. We found that the predominant metals in muscle tissue of both species of fish were Zn and Mn. Together they accounted for 82% and 84% of the summation of ten measured metal concentrations in muscles for tilapia and milkfish, respectively.
Studies have indicated that the inter-elemental relationships for essential and non-essential elements in the muscle tissue has been regarded as indicative of similar biogeochemical pathway for metal accumulation in fishes. Elements such as Co, Cd, and Pb are considered to be non-essential elements (Rejomon et al., 2009; Pourang et al., 2005). The sources of these non-essential elements in muscle tissue of fish were determined. Fig. 6(a) is the plot of the mean concentrations of metals in muscle tissue of tilapia versus mean concentrations of metals in sediment/feed. Fig. 6(b) is the plot of the mean concentrations of metals in muscle tissue of milkfish versus mean concentrations of metals in sediment/feed. We found that the mean concentrations of metals in muscle of tilapia had relatively good correlation with those of in sediment (r2 = 0.839), while with artificial feed, the r2 reduced to 0.413. However, this good linear correlation of metal concentration in muscle with sediment (r2 = 0.497) compared to with feed (r2 = 0.412) was not obvious in milkfish.
The results of this study indicated that differences in feeding habits contribute to the difference of metal accumulations in fish. Metal concentrations in bottom-feeding fish such as tilapia in this study are highly associated with metals in sediment. This finding is in consistent with the suggestion that the feeding habit of bottom-feeding fish is mainly through ingestion of sediment that contains high level of metal concentration of dead plankton, algae, and fish excrement (Adhikari et al. 2009a; Chi et al. 2007; Zhou et al. 2000). In contrast, planktotrophic-feeding fish commonly feed on plankton and artificial feed, and therefore have less contact with sediment when compared to bottom-feeding fish. The results of this study also showed that the sources of metal concentrations in muscle of milkfish (planktotrophic feeding fish) are not completely from sediment. Artificial feed can also be an important source of contamination for planktotrophic feeding fish.
We suggested that when evaluating the effects of water pollution on aquatic ecology, solely examine the metal concentrations in water is not sufficient. Metal concentrations in sediment and artificial feed should also be measured so that the effects of environmental pollution on aquatic ecosystem can be systematic investigated.
In the European Union, there is already a proposed slogan to describe the importance of consideration of contamination in animal feed: Feed as Food. This study has shown that feed is an important factor in influencing the metal content in cultured fish. However, the metal content in artificial feed is often neglected.

CONCLUSIONS
In this study, we investigated the metal concentrations in water, sediment, artificial feed and the ventral and dorsal muscles with and without skin of two species of fish cultured in the same fishery pond. Data surveyed from this study shows that Cu, Zn in sediment, and Cu, Mn, and Se in pond water were higher than sediment quality standards for the TEL suggested by USEPA and the water quality standards for class 2 aqua-cultural water set by the Taiwan EPA, respectively. Measurement of metal concentrations in muscle indicated that As, Cr, Se, and Zn in tilapia and As, Cr, Pb, Se, Zn in milkfish were exceed the limits adopted by the China National Standards Management Department. The present work suggests that muscle with skin generally have higher metal concentrations than that of without skin. Ventral muscle has higher metal concentrations than dorsal muscle. The largest MPI value estimated in this study is result from using the metal concentration in ventral muscle with skin in tilapia (bottom-feeding fish), indicating bottom-feeding fish have inherently higher metal concentrations than planktotrophic-feeding fish. Analysis of the profile of metal compositions in muscle suggested that the metal concentrations in bottom-feeding fish can be significantly related to metal concentrations in the sediment.  Therefore, it is suggested that when performing health risk assessment of human consumption of cultured fish, several factors associated with fish should be considered. These include feeding habits of fish species, muscle type (e.g. dorsal, or ventral muscles, or a combination of both), and the presence or absence of the skin. All these factors should be taken into consideration in order to understand the metal concentrations in fish.
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Fig. 1.
Map of fishery pond sampled for this study and industrial parks in the Changhua County in Taiwan.
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Fig. 2.

The ratios of metal concentrations in sediment to pond water in this study. The ratio is expressed in Log scale. 
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Fig. 3.

Comparison of metal concentrations in dorsal and ventral muscles of (a) tilapia, and (b) milkfish.

(* p < 0.05; ** p < 0.01; *** p < 0.001)
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Fig 4.

Mean metal pollution index (MPI) of tilapia and milkfish for dorsal muscle without skin (DN), dorsal muscle with skin (DS), ventral muscle without skin (VN), and ventral muscle with skin (VS).
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(d) Tilapia 

[image: image11.wmf]As

Cd

Co

Cr

Cu

Mn

Ni

Pb

Se

Zn

Fraction (%)

0

10

20

30

40

50

60

70

(e) Milkfish 


[image: image12.wmf]Concentration of  metals in muscle of tilapia (

m

g/g)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Concentration of matals in feed/sediment (

m

g/g)

0

20

40

60

80

Tilapia vs Feed 

Tilapia vs Sediment 

Pb

Pb

Co

As

Co

As

Ni

Ni

Cr

Cr

Cu

Cu

r

2

 = 0.839

r

2

 = 0.413

(a)


Fig. 5.

Concentration profiles of ten metals in (a) pond water, (b) sediment, (c) artificial feed, (d) muscle tissue of tilapia, and (e) muscle tissue of milkfish.
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Fig. 6.

Correlation of selected metals in (a) muscle of tilapia and sediment/artificial feed, and (b) muscle of milkfish and sediment/artificial feed. 
Table 1.

Mean concentration of metals in water, sediment (dry weight), and artificial feed from the sampling site of Fangyuan Township, Changhua County, Taiwan. Samples were taken in September, 2009.

	Metal
	Water 
((g L-1)

(n = 3)
	Sediment 
((g g-1 d.w.)

(n = 3)
	Artificial feed 
((g g-1)

(n = 3)
	Water quality standards for aquaculture pond water
((g L-1)a
	Sediment quality standards ((g g-1)b

	
	
	
	
	
	Threshold Effects Level
	Probable Effects Level 

	As
	32.9(10.3
	4.0(0.9
	0.6(0.08
	50
	-
	-

	Cd
	0.03(0.01
	0.1(0.07
	0.2(0.01
	10
	1.2
	9.6

	Co
	23.1(0.3
	24.8(2.7
	2.2(0.2
	-
	-
	-

	Cr
	0.8(0.3
	51.2(16.6
	3.6(0.4
	-
	81
	370

	Cu
	32.1(14.3
	56.7(3.2
	2.7(0.4
	30
	34
	270

	Mn
	195.9(36.0
	176.8(13.0
	58.5(2.0
	50
	-
	-

	Ni
	61.4(1.8
	44.2(4.7
	4.9(0.2
	-
	-
	-

	Pb
	0.8(0.4
	6.6(0.5
	0.9(0.05
	100
	46.7
	218

	Se
	60.1(2.2
	0.9(0.07
	1.0(0.09
	50
	-
	-

	Zn
	8.8(2.1
	246.8(11.2
	93.2(3.2
	500
	150
	410


a Adopted from Taiwan EPA (1998)
b Adopted from USEPA (1995)

Table 2.
Comparison of metal concentrations (mean(sd) in different muscle tissues ((g g-1 wet weight) for both with/without skin in two species of fish from the sampling site of Fangyuan Township, Changhua County, Taiwan. Samples were taken in September, 2009.
	Metal
	Tilapia ((g g-1 wet weight)
	
	Milkfish ((g g-1 wet weight)
	
	Criteriaa
((g g-1)

	
	Dorsal muscle
	
	Ventral muscle
	
	Dorsal muscle
	
	Ventral muscle
	
	

	
	With 
skin
	Without 
skin
	p-value
	
	With 
skin
	Without 
skin
	p-value
	
	With 
skin
	Without 
skin
	p-value
	
	With 
skin
	Without 
skin
	p-value
	
	

	As
	1.27(0.83
	1.18(0.76
	0.644
	
	1.44(0.67
	1.20(0.76
	0.303
	
	1.26(0.84
	1.10(0.74
	0.375
	
	1.33(0.99
	1.21(0.70
	0.676
	
	0.5

	Cd
	0.01(0.00
	0.01(0.00
	0.083
	
	0.09(0.28
	0.03(0.03
	0.368
	
	0.01(0.01
	0.01(0.01
	0.096
	
	0.02(0.01
	0.02(0.01
	1.000
	
	0.1

	Co
	1.59(0.65
	0.77(0.71
	0.000***
	
	1.09(0.71
	1.60(1.60
	0.214
	
	2.19(1.36
	1.78(1.32
	0.238
	
	1.83(0.88
	1.56(0.87
	0.384
	
	-

	Cr
	2.46(3.43
	2.27(1.40
	0.817
	
	3.45(2.03
	3.17(1.50
	0.589
	
	1.76(0.74
	1.81(0.90
	0.808
	
	2.92(1.60
	1.92(0.73
	0.005**
	
	2.0

	Cu
	3.17(1.95
	2.37(1.23
	0.036*
	
	3.87(2.30
	3.48(1.34
	0.414
	
	2.97(2.10
	0.88(1.30
	0.000***
	
	2.21(2.66
	0.18(0.35
	0.004**
	
	50

	Mn
	13.3(24.0
	9.40(5.40
	0.430
	
	20.0(14.8
	12.4(8.46
	0.010**
	
	14.5(7.72
	11.9(7.53
	0.054
	
	16.8(13.6
	14.6(11.5
	0.490
	
	-

	Ni
	2.27(2.20
	2.32(1.82
	0.934
	
	2.88(1.35
	3.12(1.97
	0.655
	
	2.80(1.49
	2.26(2.02
	0.270
	
	2.84(2.73
	1.78(1.82
	0.108
	
	-

	Pb
	0.14(0.09
	0.49(0.33
	0.053
	
	0.43(0.30
	0.53(0.38
	0.256
	
	0.68(0.33
	0.26(0.25
	0.067
	
	1.10(1.06
	0.33(0.27
	0.046*
	
	0.5

	Se
	2.70(0.49
	2.48(0.63
	0.011*
	
	3.95(0.78
	3.30(0.88
	0.004**
	
	2.89(0.94
	3.02(0.80
	0.338
	
	3.49(1.13
	2.83(0.89
	0.004**
	
	1.0

	Zn
	61.4(22.4
	39.7(17.8
	0.000***
	
	62.5(19.0
	40.7(26.3
	0.001***
	
	57.7(13.7
	41.7(25.0
	0.003**
	
	51.0(14.4
	45.7(16.2
	0.200
	
	50


a Adopted from China National Standards Management Department (2001)

Table 3.

Comparison of metal concentrations (mean(sd) measured in ventral muscle with skin ((g g-1 wet weight) of tilapia in this study with those found in the literatures.

	
	Ling et al., 2009
	Cheung et al., 2008
	Lin et al., 2005
	This study

	Tissue
	VS*
	Muscle
	Muscle
	VS

	As
	0.64(0.14
	0.65(0.84
	0.32(0.22
	1.44(0.67

	Cd
	--
	0.09(0.04
	--
	0.09(0.28

	Cr
	0.24(0.03
	0.15(0.06
	0.60(0.38
	3.45(2.03

	Cu
	1.48(0.32
	0.19(0.07
	1.34(1.34
	3.87(2.30

	Mn
	23.14(1.03
	--
	0.45(0.47
	20.0(14.8

	Ni
	1.18(0.28
	0.13(0.11
	0.14(0.08
	2.88(1.35

	Pb
	0.75(0.35
	0.29(0.10
	0.18(0.19
	0.43(0.30

	Se
	0.86(0.50
	--
	0.42(0.06
	3.95(0.78

	Zn
	33.76(5.55
	8.61(1.14
	10.79(3.35
	62.5(19.0


* VS = Ventral muscle with skin
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