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Introduction

The Yangtze River is the longest and the most impor-
tant navigable river in China. The Three gorges Dam was 
constructed in the upper stream of the river and formed a 
reservoir with the biggest sluice capacity in the world. It 
will bring great economic benefits, whereas it will also 
probably result in some harm to the aquatic ecosystem. 
water quality in the area has worsened with the rapid in-

dustrialization and urban development stimulated by the 
Three gorges Project [1]. The condition of hydrology has 
been changed with construction of the dam. Velocity of 
water flow becomes slow to downstream and the capacity 
of water purification will be weakened. great concern has 
arisen regarding environmental pollution in this region in 
recent years [1, 2].

Banan is a district near the yangtze River of Chongq-
ing city, which is the largest city in the Three Gorge area. 
It produces about 1.2 billion tons/year of wastewater, 
including 900 million tons of industrial and 300 million 
tons of domestic wastewater. Industry plants, such as pa-*Corresponding author; e-mail: wuzb@ihb.ac.cn
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Abstract

The present study was carried out to investigate contamination of heavy metals in 19 fish species from the 
Banan section of Chongqing in the Three gorges, yangtze River. The results showed that the mean concentra-
tions of heavy metals were higher in intestine than muscle, except zinc in upper strata. In the fish inhabiting the 
upper strata, there were significant differences between mean concentrations of as, Cr, Cu and hg in muscle 
and intestine (P <0.05). There were also significant differences between mean concentrations of Cr and Cu 
in muscle and intestine in the fish inhabiting middle strata. however, significant differences between mean 
concentrations of as, Cd, hg, Pb and zn were measured in fish inhabiting bottom strata in both intestine and 
muscle tissues (P <0.05). For the fish inhabiting different strata, the concentrations of as, Cd, Cr, Cu, hg and 
Pb in muscle and intestine of the fish from bottom strata (BS) were higher than those in both upper strata (US) 
and middle strata (MS); whereas a higher concentration of zn was measured in muscle and intestine from fish 
inhabiting upper strata. Mean metal concentrations were found to be higher in age II than those in age I in 
Coreius heterodon (2- and 1-year odl fish respectively). The overall results indicated that fish muscle in the 
Banan section were slightly contaminated by heavy metals, but did not exceed Chinese food standards.
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per, steel, silk, plating and chemical factories are located 
along the river, and effluents often cover the swirling 
waters with white foam. Urban garbage is piled up along 
the riverbanks and washed away during flood season or 
trapped in the Three gorge reservoir [3].

During the past several decades, the increasing usage 
of heavy metals in industry has led to serious environmen-
tal pollution through effluents and emanations [4]. Under 
certain environmental conditions, heavy metals may be 
accumulated to a toxic concentration [5], and cause eco-
logical damage [6]. heavy metals were of particular con-
cern due to their toxicity and ability to be bioaccumulated 
in aquatic ecosystems [7], as well as persistence in the 
natural environment. Among the different metals ana-
lyzed, lead (Pb), cadmium (Cd), mercury (hg), chromium 
(Cr) and arsenic (as) are classified as chemical hazards 
and maximum residual levels have been prescribed for hu-
mans [8, 9, 10]. Essential metals, such as copper (Cu) and 
zinc (zn), have normal physiological regulatory functions 
[11], but may also bioaccumulate and reach toxic levels 
[12]. heavy metals pollution in aquatic environment has 
become a serious problem [13] and also an important fac-
tor in the decline of water sediments and fish quality.

Fish are one of the most important and the largest 
groups of vertebrates in the aquatic system. Trace metals 
can be accumulated via both food chain and water in fish 
[14]. Patrick and loutit [15] reported biomagnification of 
Cr, Cu, manganese (Mn), iron (Fe), Pb and zn from bacte-
ria to tubificid worms in fish through the food chain.

Fish have been considered good indicators for heavy 
metal contamination in aquatic systems because they oc-
cupy different trophic levels with different sizes and ages 
[16]. Meanwhile, fish are widely consumed in many parts 
of the world by humans, and polluted fish may endanger 
human health.

In the present study, we selected fish in Banan section 
of Chongqing city and tried to apply some basis for envi-
ronmental variance and quality of fish and aims:
 1) to determine the levels of heavy metals (as, Cd, Cr, 

Cu, hg, Pb and zn) in the muscle and intestine tissue 
in order to assess fish quality.

 2) to assess the health risk for humans.

Experimental Procedures

Sample Collection

Fish samples were collected in Banan section (Fig.1), 
located in upper reaches of the Three Gorge of China. 
Fish were bought in from fisherman in autumn 1997. 
nineteen species (Table 1) were selected from all the lo-
cations for this study. Three species were from upper and 
middle strata, respectively, thirteen from bottom strata. 
at least three to five samples from each fish species were 
obtained. after capture, fish were immediately frozen at 
-20°C. all samples were cut into pieces and labeled, and 
then all sampling procedures were carried out according 

to internationally recognized guidelines[17]. The ages 
were determined by reading the annual ring structure of 
scales and otoliths. Scale samples for age determination 
of were taken from beneath the anterior portion of the 
dorsal fin, above the lateral line of the left side of the 
fish. age was determined by counting summer and win-
ter growth zones, which appear on calcified structures of 
fish body. Otoliths were also taken from the inner ear. 
Determination was performed under stereo microscope 
(Carl zeiss).

Sample Preparation

Fish samples for heavy metals were put onto a dis-
section tray and thawed at room temperature. They were 
dissected using stainless steel scalpels and Teflon forceps 
using a laminar flow bench. a part of the muscle (dorsal 
muscle without skin) and the intestine (1 g) were removed 
and transferred in polypropylene vials. Subsequently, 
samples were put into an oven to dry at 90°C and reached 
constant weights in the oven. Before acid digestion, a por-
celain mortar was employed to grind and homogenize the 
dry tissue samples. aliquots of approximately 1 g dried 
intestine and muscle were digested in Teflon beakers for 
12 h at room temperature, and then for 4h at 100°C with 5 
ml ultrapure nitric acid (65%, Merck).

Sample analysis

heavy metals analysis: Cd, Cr and Pb were measured 
by graphite furnace atomic absorption spectrophotometry 
(Perkin-Elmer, 4100 zl). Cu and zn concentrations in the 
extracts were determined by flame atomic absorption spec-
trophotometry Perkin–Elmer 2100. as and hg concentra-
tions were determined with a Perkin–Elmer MhS-FIaS 
coupled to a Perkin–Elmer 4100 zl spectrophotometer. 
Results are expressed as microgrammes per gram. The an-
alytical procedure was checked using reference material 
(MESS-1, the national Center of Canada and CRM 277, 
the Community Bureau of Reference, Brussels, Belgium, 

Fig.1. location of sampling sites for fish samples in Banan section.



Analysis of Heavy... 951

and details were in [18] and [19]. For each matrix, analy-
ses of three blank samples were performed along with the 
samples. Quality control was assured by the analysis of 
reagent blank and procedural blanks.

Data Statistics

Statistics were performed using SPSS 11.5 software. 
anOVa with post hoc test analyses based on Turkey was 
used to compare differences between samples. a P-value 
of 0.05 or less was considered statistically significant. For 
One-way ANOVA compared the metals concentration in 
intestine and muscle; for inhabit strata, different metals 

concentration in intestine and muscles were investigated 
by Turkey’s multiple comparisons of means.

Results

Concentrations of heavy Metals in Fish Muscle and 
Intestine

The mean concentrations of Arsenic were found to be 
0.113 and 0.142µg/g in muscle and intestine (Table 3). ar-
senic concentrations ranged from 0- 0.27µg/g in muscle and 
0.05-0.43µg/g in intestine (Fig.2). hemimyzon abbreviata 
had the highest As concentrations in muscle and intestine 

Table 1. The biological background information of fish

Species name (abbreviation) length (cm)  weight (g) Age Main Foods inhabit 
stratum

Hypophthalmichthys molitrix(hM) 20.5-36.7 266-632 II Phytoplankton US

Pseudobagrus fulvidraco(PF) 12.3-14.5 35.2-40.1 II Plankton, inverte-
brate US

Hemiculter nigromarginis(HN) 9.5-12.6 11.3-28.6 II organic-detritus, 
macrophyte, insect US

Ctenopharyngodon idellus(CI) 30.5-45.1 390-1360 II macrophyte MS

Xenocypris argentead(XA) 13.5-16.2 43.2-79.3 II
Plankton, macro-
phyte, organic-de-

tritus
MS

Silurus soldatovi meridionalis(SS) 47-65 615-2750 II fish MS

Varicorhinus simus(VS) 13.2-18.6 81-124 II periphytic algae BS

Cyprinus carpio(CC) 21.5-28.7 255-316 II macrophyte, algae, 
invertebrate BS

Carassius auratus(CA) 12.5-15.7 113-142 II invertebrate, BS

Coreius heterodon(CH) 24.5-27.8 295-349 I & II mollusk, insect, 
organic-detritus BS

Coreius guichenoti(CG) 23.8-31.2 295-386 II
mollusk, insect, 

macrophyte, egg of 
fish

BS

Leiocassis longirostris(LL) 35.8-42.6 754-1150 I fish, shellfish, mol-
lusk, insect BS

Leiocassis crassilabris(LC) 21.5-32.1 282-433 II fish, shellfish, mol-
lusk, insect, shrimp BS

Leptobotia elongata(LE) 17.5-22.6 85-138 II fish, shrimp, insect, 
zooplankton BS

Rhinogobio typus(RT) 15.3-18.7 58.1-71.3 II invertebrate, algae, 
organic-detritus BS

Saurogobio dabryi(SD) 8.5-13.8 35-66 II insect, zooplankton BS

Hemimyzon abbreviata(HA) 9.3-11.6 86-105 III invertebrate, or-
ganic-detritus BS

Rhinogobio cylimdricus(RC) 18.2-22.5 135-169 II Insect, shrimp, fish, 
zooplankton BS

Hemiculter leucisclus(HL) 7.9-11.2 15-29 II insect, organic-detri-
tus, macrophyte, BS

* US: fish collected from upper strata; MS: fish collected from middle strata; BS: fish collected from bottom strata.
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(0.27 and 0.43µg/g, respectively). The lowest as concen-
trations were found in hypophthalmichthys molitrix(not 
detective in muscle and 0.05µg/g in intestine).

The mean levels of cadmium in muscle and intestine 
were 0.0097µg/g and 0.0127µg/g, respectively (Table 3). 
The concentrations ranged from 0.001 to 0.046µg/g in mus-
cle and 0.001 to 0.081µg/g in intestine (Fig. 3). The con-
centrations of cadmium were maximum value found to be 
0.046 and 0.081µg/g in hemibarbus labeo muscle and intes-
tine. least cadmium concentrations were found 0.001µg/g 
in hemiculter nigromarginis muscle and intestine.

Chromium results obtained for different tissues are 
summarized in Table 3. The concentrations of chromium 
in the two tissues were different with a mean near 0.173µg/
g in muscle and 0.209µg/g in intestine. Chromium was 
detected in all the samples and the concentrations were 

found to be 0.03–0.41µg/g in muscles, 0.05–0.45µg/g in 
intestines, respectively (Fig. 4).The highest concentration 
(0.41µg/g) was detected in leptobotia elongata and the 
lowest was in hypophthalmichthys molitrix (0.03µg/g) in 
muscle. Leptobotia elongata and Coreius guichenoti had 
the highest Cr values (0.45µg/g),while the lowest value 
(0.05µg/g) was found in hypophthalmichthys molitrix in 
intestines.

The concentrations of copper in muscle tissue of fish 
were much lower than levels in intestine. The mean cop-
per values were 0.437µg/g in muscle and 0.608µg/g in 
intestine (Table 3). Copper concentrations ranged from 
0.1to 1.25µg/g in muscle and 0.17 to 2.33µg/g (Fig. 5). 
The lowest muscle copper concentrations were found 
to be 0.1µg/g in Ctenopharyngodon idellus and hypo-
phthalmichthys molitrix,while the highest was found to 

Table 2. The concentrations of heavy metals (µg/g) compared in same strata between muscle and intestine

Sample 
inhabit 
strata

As Cd Cr Cu hg Pb Zn

Muscle upper 0.03±0.02a 0.004±0.003a 0.07±0.03a 0.21±0.09a 0.01±0.01a 0.05±0.04a 10.4±5.3a

intestine upper 0.07±0.03b 0.006±0.003a 0.12±0.06b 0.64±0.33b 0.04±0.03b 0.06±0.05a 9.51±1.54a

Muscle Middle 0.11±0.04a 0.004±0.001a 0.17±0.09a 0.26±0.15a 0.02±0.01a 0.04±0.03a 5.15±3.93a

intestine Middle 0.14±0.04a 0.006±0.003a 0.23±0.13b, 0.39±0.18b 0.03±0.01a 0.06±0.03a, 6.38±4.07a

Muscle Bottom 0.2±0.084a 0.021±0.010a 0.28±0.15a 0.84±0.41a 0.05±0.02a 0.33±0.13a 2.17±0.9a

intestine Bottom 0.3±0.142b 0.035±0.015b 0.37±0.18a 1.31±0.55a 0.08±0.032b 0.52±0.21b 3.72±1.72b

Criterion* 0.5 0.1 0.5 10 0.3 1 50

Data are presented as means ± S.E. of three Inhabit strata, muscle and intestine of the two paired tissue: aP>0.05, bP< 0.05, significantly 
different from other tissue. Criterion were from Chinese national criterion collection gB 2736-94: healthy standard for fresh water fish. 
Criterion* are from Commission of the Chinese Criterion

Table 3. The mean concentrations of heavy metals (µg/g) in fish.

Sample As Cd Cr Cu hg Pb Zn

Muscle 0.113 0.0097 0.173 0.437 0.027 0.14 5.907

Intestine 0.142 0.0127 0.209 0.608 0.038 0.177 6.222

Fig. 2. Distribution of as in fish species. Fig. 3. Distribution of Cd in fish species.
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be 1.25µg/g in Carassius auratus. The lowest intestinal 
Cu concentrations were measured in Ctenopharyngodon 
idellus(0.17µg/g). The highest Cu concentration (2.33µg/
g) was detected in Coreius guichenoti in intestine.

Mercury results obtained for different tissues are sum-
marized in Table 3.The concentrations of mercury, for the 
two tissues, were different, with a mean near 0.027µg/g 
in muscle and 0.038µg/g in intestine. Mercury concen-
trations were found to be not detectable – 0.09µg/g in 
muscles and 0.01-0.12µg/g in intestines (Fig. 6). hypoph-
thalmichthys molitrix had lowest concentration (not de-
tectable) and Carassius auratus had highest concentration 
(0.09µg/g) in muscle. Coreius guichenoti and leptobotia 
elongata had highest hg concentrations (0.12µg/g) in in-
testines. The lowest intestinal hg value was found to be 
0.01µg/g in hypophthalmichthys molitrix.

On average, the content of lead in muscle was low-
er than that in intestine; however, the mean values were 
0.14µg/g in muscle and 0.177µg/g in intestine (Table 3). 
The values reached were 0.01-0.79µg/g in muscles and 
0.02-0.98µg/g in intestines (Fig.7). The highest concen-
trations of lead were found to be 0.79µg/g and 0.98µg/g 
in leptobotia elongata muscle and intestine (Fig. 6). The 
lowest lead concentrations were measured to be 0.01µg/g 
in muscle and 0.02µg/g in intestine in hemiculter nigro-
marginis.

The mean zinc concentrations were 5.907µg/g in 
muscle and 6.222µg/g in intestine (Table 3). zinc values 
in fish species varied from 0.78-27.6µg/g in muscle and 
1.25-35.3µg/g in intestine. The maximum zinc level was 
observed in Hemiculter nigromarginis muscle and in-
testine (27.6µg/g and 35.3µg/g, respectively), while the 
minimum zinc level in Hemibarbus labeo muscle and 
Leiocassis longirostris intestine (0.78µg/g and 1.25µg/g, 
respectively) (Fig. 8).

Concentrations of heavy Metals in Fish in Strata

The mean concentrations of heavy metals (as, Cd, 
Cr, Cu, hg, Pb and zn) in muscle and intestine of fish 
were shown in Table 2. The concentrations of heavy 
metals in intestine were higher than those in muscle 
except zinc in upper strata. The concentrations of seven 

Fig. 4. Distribution of Cr in fish species.

Fig. 5. Distribution of Cu in fish species.

Fig. 6. Distribution of hg in fish species.

Fig. 7. Distribution of Pb in fish species.

Fig. 8. Distribution of zn in fish species.
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heavy metals in intestine were higher than in muscle, 
in the fish inhabitated in upper strata. The values of 
as, Cr, Cu and hg in intestine were significantly 
higher than those in muscle (P<0.05). There were no 
significant differences between intestine and muscle 
in the fish inhabitated in middle strata, except Cr and 
Cu (P<0.05). In the fish inhabitated in bottom strata, 
as,Cd, hg, Pb and zn in intestine had significant dif-
ference than those in muscle (P<0.05);There were no 
significant difference of Cr and Cu between the intes-
tine and muscle in the fish.

Table 4 demonstrates that the concentrations of 
heavy metal in muscle and intestine were diversity in 
difference strata. The mean concentrations of As, Cd, 
Cr, Cu, hg and Pb in muscle in bottom strata were sig-
nificantly different from those in upper strata (P<0.01). 
The mean concentration of Zn in muscle in upper strata 
was significantly higher (P<0.01) than those in bottom 
strata. There were significant higher values (P<0.01) 
of as, Cd, Cr, Cu and Pb in intestine in bottom strata 
than those in upper strata. The value of Zn in intestine 
in bottom strata had higher concentrations (P<0.05) than 
those in upper strata, while the Zn concentration were 
significantly higher (P<0.01) in upper strata than those 
in bottom strata.

As showed in Table 4, the mean concentrations of As, 
Cr and hg in muscle in middle strata were significantly 
different from those of upper strata (P <0.05);The mean 
concentrations of Zn in muscle in middle strata were 
lower than those in upper strata. In the middle strata, the 
mean concentrations of as,Cr and hg in muscle were 
significantly higher (P <0.05) than those in upper strata, 
while the Zn concentration in middle strata were lower 
than those in upper strata.The mean concentrations of 
as, Cr and Cu in middle strata were significantly differ-
ent from those of upper strata (P <0.05), while the mean 
concentrations of hg and zn were lower than those in 
upper strata.

In general, different tissues showed different capaci-
ties for accumulating heavy metals. The higher metal 
concentrations were found in the intestine. however, the 

muscle tended to accumulate less metal. heavy metal lev-
els considerably varied among individuals of the same 
species. The lower age of same species accumulated more 
heavy metal (Figs. 9 and 10). higher concentrations of 
seven heavy metals were found in age II than in age I in 
Coreius heterodon.

Table 4. The concentrations of heavy metals (µg/g) compared in different strata in muscle and intestine.

Sample Inhabit 
strata As Cd Cr Cu hg Pb Zn

Muscle Upper 0.03±0.02a 0.004±0.003a 0.07±0.03a 0.21±0.09a 0.01±0.01a 0.05±0.04a 10.4±5.3c

Intestine Upper 0.07±0.03a 0.006±0.003a 0.12±0.06a 0.64±0.33a 0.04±0.03a 0.06±0.05a 9.51±1.54c

Muscle Middle 0.11±0.04b 0.004±0.001a 0.17±0.09b 0.26±0.15a 0.02±0.01b 0.04±0.03a 5.15±3.93b

Intestine Middle 0.14±0.04b 0.006±0.003a 0.23±0.13b, 0.39±0.18b 0.03±0.01a 0.06±0.03a, 6.38±4.07b

Muscle Bottom 0.2±0.084c 0.021±0.010c 0.28±0.15c 0.84±0.41c 0.05±0.02c 0.33±0.13c 2.17±0.9a

Intestine Bottom 0.3±0.142c 0.035±0.015c 0.37±0.18c 1.31±0.55c 0.08±0.032b 0.52±0.21c 3.72±1.72a

Data are presented as means ± S.E.M. of three Inhabit strata, muscle and intestine of the two paired tissue: aP>0.05, bP< 0.05, cP < 0.01, 
significantly different from other tissue.

Fig.9. heavy metals in intestine in ages I and II in Coreius het-
erodon.

Fig.10. heavy metals in heavy metals in muscle in II and I ages 
in Coreius heterodon.
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Discussion of Results

The arsenic values are lower than the concentration 
from an earlier report [20]. Chen et al. [21] showed that 
long-term exposure to ingested inorganic as in ground-
water could induce blackfoot disease. Chronic exposure 
to inorganic arsenic may give rise to several health ef-
fects, including to the gastrointestinal tract, respiratory 
tract, skin, liver, cardiovascular system, hematopoietic 
system and the nervous system [22].

Cadmium concentrations are lower than those re-
ported earlier by Mendil et al. [23] in fish from Turkish 
lakes. These values were found to be lower than the ac-
ceptable limit proposed by the EU [24] and TFC [25]. The 
European Community proposed threshold values of metal 
concentrations in fish muscle of only 0.05µg/g of Cd [26]. 
Cadmium can be accumulated with metallothioneins and 
uptake of 3–330mg/day is toxic and 1.5–9 mg/day is le-
thal to humans [27]. Cadmium injures kidneys and cause 
symptoms of chronic toxicity, including impairment of 
kidney function, poor reproductive capacity, hyperten-
sion, tumours and hepatic dysfunction [28].

The Cr levels in the samples were much less than those 
reported by Eisenberg and Topping [29]. Chromium con-
tents were well within the limits prescribed by the FDa. 
The values were also within the limits of 12– 13µg/ g[30]. 
The world health Organization (whO) has proposed that 
chromium (VI) is a human carcinogen. Several studies 
have shown that chromium (VI) compounds can increase 
in risk of lung cancer [31]. animal studies have also shown 
an increase in risk of cancer [32].

Copper concentrations are lower than the values from 
earlier reports [33]. The copper contents in the samples 
were much less than the FaO-permitted level of 30µg/g 
[8] and Chinese food standards (10µg/g) [34]. Excessive 
intake of copper may lead to liver cirrhosis, dermatitis and 
neurological disorders [35].

The hg values were well below the EC recommended 
value of 0.5–1.0µg/g [24]. Mercury concentrations of 5 
ppm (wet weight) in fish muscle can be associated with 
emaciation, decreasion in coordination, losing appetite, 
and mortality in fish [36]. Mercury is a known human 
toxicant and the primary source of mercury contamina-
tion in people is through eating fish. Mercury pollution in 
aquatic ecosystems has received great attention since the 
discovery of mercury as the cause of Minamata disease in 
Japan in the 1950s. Mercury poisoning in the adult brain 
is characterized by damage of discrete visual cortex areas 
and neuronal loss in the cerebellum granule layer [37]. On 
the other hand, mercury poisoning during nervous system 
development may cause catastrophic consequences for in-
fants who exhibit widespread neural impairment [38].

In general, lead values obtained are lower than those 
reported previously [33]. The fact that toxic metals are 
present at high concentrations in fish is of particular im-
portance in relation to the FaO/whO [39] standards for 
Pb. The maximum permissible doses for an adult are 3 
mg Pb per week, but the recommended doses are only 

one-fifth of those quantities [39]. Chinese food standards 
[34] are 1µg/g. Turkish acceptable limits and EU limits 
are 0.4µg/g. The range of international standards for Pb in 
fish is 0.5–10µg/g [24, 25]. lead causes renal failure and 
liver damage in humans [40].

The zinc values were similar to the values of Mendil et 
al. [23] and higher than those reported in the literature [41]. 
Marcovecchio [42] recorded mean values of zinc in muscle 
of 48.8µg/g (wet weight) in Mugil liza, and yilmaz [43] 
found 51.13µg/g (wet weight) in muscle in Mugil cephalus. 
The measured values was one-fifth as low (2.17-10.4µg/g 
in muscle and 3.72-9.51 µg/g in intestine, indicating low-
er metal-contamination in the environment. There are no 
guidelines on acceptable levels of zn in muscle of fish by 
FaO/whO [39]. Comparing our average values with Chi-
nese food standards (50µg/g)[34], Canadian food standards 
(100µg/g), hungarian standards (150µg/g) and a range 
of international standards (40–100µg/g) [44], our results 
showed that the values are lower than these guidelines. 
Therefore, we can conclude that these metals have posed 
no threat for consumption of these fish. Toxicity due to ex-
cessive intake of zinc has been reported to cause electrolyte 
imbalance, nausea, anaemia and lethargy [45].

The Joint FaO/whO [57] has set a limit for heavy 
metal intake based on bodyweight. For an average adult 
(60 kg body weight), the provisional tolerable daily in-
take for lead, copper and zinc are 214µg, 3 and 60 mg for 
muscle, respectively[46]. These values are similar to the 
literature value of ahmet et al. [47] and higher than other 
literature values [41].

heavy metals, such as lead (Pb), mercury (hg) and 
cadmium (Cd) are dangerous for human health because 
of their accumulation properties [48]. Compared to Chi-
nese food standards, muscle Cr from bottom fish exceed 
more than 50% of the Chinese food standards, and might 
impact human health.

For muscle tissue we found a significant increase 
in heavy metal concentrations with increasing fish age. 
higher concentrations of metals were found in younger 
fish and this generally reflects the short residence time of 
these metals within the fish, combined with the higher rate 
of metabolism compared to older organisms [49].

The predominant pathways for heavy metal uptake, 
target organs, and organism sensitivity are highly vari-
able, and are dependent on factors such as metal concen-
tration, age, size, physiological status, habitat preferences, 
feeding behavior, and growth rates of fish [50]. Principal 
component analyses, using the concentrations of metals 
as independent variables, were unable to demonstrate dif-
ferences between the sites in terms of the suite of metals 
accumulated by the fish or their distribution in the fish. 
Despite their habitat, age and dietary differences, fish 
were accumulating metals in essentially the same manner 
[20].

Metals bioaccumulation through aquatic food webs 
to fish, humans and other piscivorous animals are of en-
vironmental and human health concern [51]. although 
there are no high levels of heavy metals in fish, a poten-
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tial danger may occur in the future, depending on agricul-
tural and industrial development in this region. The con-
centrations are below the limit values for fish proposed 
by FaO [8].

The concentrations of heavy metals in intestine were 
higher than in muscle. according to Deb [52], metals may 
be in high concentrations in the gills, intestine and diges-
tive glands. These organs have relatively high potential 
for metal accumulation. high levels of heavy metals were 
found in intestine of fish. although fish intestines are sel-
dom consumed, it usually accumulated more heavy met-
als in this study and might represent good biomonitors of 
metals present in the surrounding environment.

Some metals are natural constituents of the environ-
ment. Copper and zinc, for example, are essential elements 
for living organisms, but it also shows toxicity if the content 
surpass hS. Other metals, such as hg and Cd, in contrast, 
have no biological role. At higher concentrations, heavy 
metals can become toxic for living organisms. Therefore, 
at the top of the tropic chain, human beings are especially 
sensitive to these contaminants due to bioaccumulation. 
This possibility provides a further reason for compiling 
the available information in the heavy metal field. Studies 
from the field and laboratory experiments showed that ac-
cumulation of heavy metals in a tissue is mainly dependent 
upon water concentrations of metals and exposure period 
[53]. Two heavy metals, including mercury and lead, had 
exceeded permissible criterions in the river sections flow-
ing past Chongqing [54]. as a result, the heavy metals in 
fish in the Three gorges may have worsened with the con-
struction of the Three gorges Dam.

Fish live in the water and absorb metals biocentrat-
ed by humans. More than 10,000 local people suffered 
from Minamata disease because they ate fish polluted by 
methyl mercury [38]. with the construction of the Three 
gorges Dam, the content of some heavy metals might be 
changed in fish. Xu [55] estimated that activation of mer-
cury will be strengthened and accelerate enrichment of 
fish to mercury after the construction of the dam. Mercury 
in fish will be added to 0.35 to 1.5 times. Increase of re-
sidual pollutant in fish endangers safety of ecosystem and 
human health. The bioaccumulation of heavy metals in 
fish should be researched due to the change of ecosystem 
in the Three Gorges Reservoir, and ecological safety of 
pollutants should be further investigated.

Conclusion

This study was carried out to provide information 
on heavy metal concentrations of muscle and intestine 
tissue in fish from the Banan section of Chongqing from 
the Three Gorges Reservoir, China. All results were 
well below the limits for fish proposed by Chinese food 
standards for fish. according to our results, the exam-
ined fish were within the limits for human consumption. 
high levels of heavy metals were found in intestines 
while the lower levels in muscle of species except zn in 

upper strata. For the fish inhabitated in different strata, 
the concentrations of as, Cd, Cr, Cu, hg and Pb ac-
cumulated in muscle and intestine the fish of bottom 
strata were higher than those in the upper strata and 
middle strata. Mean metal concentrations were found 
to be higher in age II than those in age I in Coreius het-
erodon. Although levels of heavy metals are not high, 
a potential danger may emerge in the future depending 
on the industrial wastewaters and domestic activities in 
this region.

Acknowledgements

This research was supported in part by grants from 
the Chinese national Distinguished youth Science 
Foundation (39925007), China 863 high-Tech Program 
(2002aa601021), and the Chinese academy of Science 
Knowledge Innovation Project (KSCX22Sw2102). we 
are grateful for the constructive criticisms offered to the 
draft by two anonymous referees. Cheng S.P. liang w. 
and he h. improved the language of the manuscript and 
we also thank the members of the Purification and Reha-
bilitation Ecology Group.

References

 1. OKaDERa T., waTanaBE M., XU K. Analysis of wa-
ter demand and water pollutant discharge using a regional 
input–output table: an application to the City of Chongq-
ing, upstream of the Three gorges Dam in China. Ecological 
Economics (In Press). 2005.

 2. yan, T.M, yang, l.z., CaMPBEll, C. D. Microbial bio-
mass and metabolic quotient of soils under different land use in 
the Three Gorges Reservoir area. Geoderma. 115, 129, 2003.

 3. Qongqing environmental monitoring station. Qongqing En-
vironmental quality transaction.1997.

 4. SERICanO J.l., waDE T.l.; JaCKSOn T.J. Trace organ-
ic contamination in the americas: an overview of the US 
national status and trends and the international mussel watch 
progammes. Mar.Pollut. Bull. 31, 214, 1995.

 5. gÜVEn K., ÖzBay C., ÜnlÜ E.; SaTaR a. Acute lethal 
toxicity and accumulation of copper in gammarus pulex 
(l.) (amphipoda). Tr. J. Biol. 23, 51, 1999.

 6. FREEDMan B. Environmental Ecology. The Impacts of 
Pollution and other Stresses on Ecosystem Structure and 
Function.; academic Press: london. 1989.

 7. MIllER J.R., lEChlER P.J., hUDSOn-EDwaRDS 
K.a., MaCKlIn M.g. lead isotopic fingerprinting of 
heavy metal contamination, Rio Pilcomayo basin, Bolivia. 
geochemistry: Exploration, Environment, analysis, 2, 225, 
2002.

 8. FAO. Compilation of legal limits for hazardous substances 
in fish and fishery products. FaO Fish Circ, 464, 5, 1983.

 9. EC. Commission Regulation (EC) no 466/2001 of 8 March 
2001.Official Journal of European Communities 1.77/1. 
2001.



Analysis of Heavy... 957

10. FDa. Fish and Fisheries Products hazards and Controls 
guidance, third ed.; Center for Food Safety and applied 
nutrition, US Food and Drug administration. 2001.

11. hOgSTRanD C., haUX C. Binding and detoxification of 
heavy metals in lower vertebrates with reference to metallo-
thionein. Compd. Biochem. Physiol. C 100, 137, 2001.

12. RIETzlER a.C., FOnSECa a.l., lOPES g.P. heavy met-
als in tributaries of Pampulha reservoir. Minas. gerais. Braz. 
J. Biol.61, 363, 2001.

13. TaRRIO J., JaFFOR M., aShRaF M. levels of selected 
heavy metals in commercial fish from five fresh water lake 
Pakistan. Toxicology and Environmental Chemistry. 33, 133, 
1991.

14. gIBSOn R.n. Impact of habitat quality and quantity on the 
recruitment of juvenile flatfishes. neth J Sea Res. 32, 191, 
1994.

15. PaTRICK F.M., lOUTIT M. Passage of metals in effluents, 
through bacteria to higher organisms.Water Research. 10, 
333, 1976.

16. BURgER J., gaInES K.F., ShanE B. C., STEPhEnS 
w.l., SnODgRaSS J., DIXOn C., MCMahOn M., 
ShUKla S.,ShUKla T., gOChFElD M. Metal levels in 
fish from the Savannah river: potential hazards to fish and 
other receptors. Environmental Research. 89, 85, 2002.

17. UnEP. Sampling of selected marine organisms and sample 
preparation for the analysis of chlorinated hydrocarbons. 
Reference Methods for Marine Pollution Studies no. 12, 
Rev. 2. UnEP, nairobi. 17, 1991.

18. ROBISCh P.a., ClaRK R.C. Sample preparation and 
analyses of trace metals by atomic absorption spectroscopy. 
In: lauenstein gg,Cantillo ay, editors. Sampling and ana-
lytical Methods of the national Status and Trends Program, 
national Benthic Surveillance and Mussel watch Project 
1984–1992, vol. III. Comprehensive Descriptions of El-
emental analytical Methods. US Department of Commerce, 
National Oceanic and Atmospheric Administration. Techni-
cal Memorandum nOS ORCa 71, pp. 111–150, 1993.

19. MEaDOR J.P, ClaRK JR R.C, ROBISCh P.a, ERnEST 
D.w, lanDahl J.T,VaRanaSI U. national Benthic 
Surveillance Project: Pacific Coast. Trace element analyses 
for cycles I to V (1984–1988).national Oceanic and atmo-
spheric administration, national Marine Fisheries Service 
Technical Memorandum nMFSnwFSC-16, pp. 206, 1994.

20. alaM M. g. M., TanaKa a., allInSOn g., laUREn-
SOn l. J. B., STagnITTI F., SnOw E. T. A comparison 
of trace element concentrations in cultured and wild carp 
(Cyprinus carpio) of lake Kasumigaura, Japan. Ecotoxicol-
ogy and Environmental Safety. 53, 348, 2002.

21. ChEn C.J., hSUEh y.M., TSEng M.P., lIn y.C., hSU 
l.I.,ChOU w.l., ChIOU h.y., wang I.h., ChOU y.l., 
TSEng C.h.,lIOU S.h. Individual susceptibility to arse-
niasis. In: Chappell, W.R., Abernathy, C.O., Calderon, R.L. 
(Eds.), arsenic Exposure and health Effects IV. Elsevier, 
Oxford, UK, pp. 135–143, 2001.

22. ManDal B.K., SUzUKI K. T. Arsenic round the world: a 
review. Talanta. 58, 201, 2002.

23. MEnDIl D., UlUOzlU O. D., haSDEMIR E., TUzEn 
M., SaRI h., SUICMEz M. Determination of trace metal 

levels in seven fish species in lakes in Tokat, Turkey. Food 
Chemistry. 90, 175, 2005.

24. EU. Commission Regulation as regards heavy metals, Di-
rective 2001/22/EC, no: 466/2001, 2001.

25. TFC. Turkish Food Codes, Offcial gazette, 23 September 
2002,no: 24885.2002. carcinogens Mutat. Res. 443, 157, 
1999.

26. EC Directive. 02/221EEC. European commission for stan-
dardization. European standard, maximum levels for heavy 
metal concentration in marine fish. 1998.

27. BOWEN h. J. M. Environmental chemistry of the elements. 
london academic Press, pp. 269, 1979.

28. waalKES M. P. Cadmium carcinogenesis in review. Jour-
nal of Inorganic Biochemistry. 79, 241, 2000.

29. EISEnBERg M., TOPPIng J.J. Trace metal residues I 
finfish from Maryland waters, 1978–1979. J. Environ. Sci. 
health. Part B 21 (1), 87, 1986.

30. USFDa. Food and Drug administration. guidance Docu-
ment for Chromium in Shellfish. DhhS/PhS/FDa/CFSan/
Office of Seafood, washington, DC. 1993.

31. IShIKawa y., nagaKawa K., SaTOh y., KITagawa 
T., SUganO h., hIRanO T., TSUChIya E. Characteris-
tics of chromate workers’cancers, chromium lung deposi-
tion and precancerous bronchial lesions: an autopsy study.
Br. J. Cancer. 70, 160, 1994.

32. TaKahaShI y., KOnDa K., IShIKawa S., UChIhaRa 
h., FUJInO h., SawaDa n., MIyOShI T., SaKIyaMa 
S., IzUMI K., MOnDEn y. Microscopic analysis of the 
chromium content in the chromium-induced malignant and 
premalignant bronchial lesions of the rat, Environ. Res. 99 
(2), 267, 2005.

33. ChalE F. M. M. Trace metal concentrations in water, sedi-
ments and fish tissue from lake Tanganyika. The Science of 
the Total Environment.299, 115, 2002.

34. Commission of the Chinese Criterion. Chinese national cri-
terion collection gB 2736-94: healthy standard for fresh 
water fish. Chinese national criterion press 32: Beijing, 
24/1/1994, 1994.

35. FaIRwEaThER-TaIT S. J. zinc in human nutrition. nutri-
tion Research Review. 1, 23, 1988.

36. EISlER R. Mercury hazards to fish, wildlife, and inverte-
brates: a synoptic review. US Fish and wildlife Service Re-
port, 85(1.10),washington, DC, USa. 1987.

37. VETTORI M.V., alInOVI R., BEllETTI S., gOlDOnI 
M., FRanChInI I., MUTTI, A. In vitro models for the 
evaluation of the neurotoxicity of methylmercury. Current 
state of knowledge. Med.lav. 94. 183, 2003.

38. haRaDa M. Minamata disease: methylmercury poisoning 
in Japan caused by environmental pollution. Crit. Rev.Toxi-
col. 25, 1, 1995.

39. FaO/whO. list of maximum levels recommended for con-
taminants by the Joint FaO/whO codex alimentarius com-
mission. Second series. CaC/ Fal, Rome 3, 1, 1976.

40. EMMERSOn, B. T. Chronic lead nephropathy (editorial). 
Kidney Int., 4, 1. Faculty of agriculture. 1973.

41. RaShED M.n. Monitoring of environmental heavy metals 
in fish from nasser lake. Environment International.27, 27, 
2001.



Zheng Zhang et al.958

42. MaRCOVECChIO J.E. The use of Micropogonias furnieri 
and Mugil liza as bioindicators of heavy metals pollution 
in la Plata river estuary, argentina. Sci. Tot. Environ. 323, 
219, 2004.

43. yIlMaz a.B. levels of heavy metals (Fe, Cu, ni, Cr, Pb 
and zn) in tissue of Mugil cephalus and Trachurus mediter-
raneus from Iskenderun Bay, Turkey. Environ. Res. 92, 277, 
2003.

44. PaPagIannIS I., KagalOU I., lEOnaRDOS J., PE-
TRIDIS D., KalFaKaOU V. Copper and zinc in four 
freshwater fish species from lakePamvotis (greece). Envi-
ronmental International. 30, 357, 2004.

45. PRaSaD S. a. Discovery and importance of zinc in human 
nutrition. Federation Proceedings. 43, 2829, 1984.

46. Joint FaO/whO. Expert committee on food additives. In: 
Summary and conclusions, 53rd meeting, Rome, 1–10 June. 
1999.

47. ahMET a., SIBEl Y. Assessment of heavy metal concen-
trations in the food web of lake Beysehir, Turkey. Chemo-
sphere. 60, 552, 2005.

48. TRESSOU J., CREPET a., BERTaIl P., FEInBERg M.h., 
LEBLANC J.Ch. Probabilistic exposure assessment to food 
chemicals based on extreme value theory. application to 
heavy metals from fish and sea products. Food and Chemi-
cal Toxicology. 42, 1349, 2004.

49. COSSa D., aUgER D., aVERTy B., lUCOn M., MaS-
SElIn P., nOEl J. Flounder (Plattichthys flesus) muscle as 
an indicator of metal and organochlorine contamination of 
French Atlantic Coastal waters. Ambio. 21, 176, 1992.

50. ChaPMan P.M., allEn h.E., gODTFREDSEn K., z. 
gRaggEn M.N. Evaluation of bioaccumulation factors in 
regulating metals.Environ. Sci. Technol. 30, 448, 1996.

51. DEhn l.a., FOllMann E. h., ThOMaS D.l., ShEF-
FIElD g. g., ROSa C., DUFFy l. K., O’haRa T.M. Tro-
phic relationships in an Arctic food web and implications for 
trace metal transfer. Science of the Total Environment. 362, 
103, 2006.

52. DEB S.C., FÜKUShIMa T. Metal in aquatic ecosystems: 
mechanisms of uptake, accumulation and release. Int. 
J.Environ. Stud. 56 (3), 385, 1999.

53. CanlI M., aTlI G. The relationships between heavy metal 
(Cd, Cr, Cu, Fe, Pb, zn) levels and the size of six Mediter-
ranean fish species. Environmental Pollution. 121(1), 129, 
2003.

54. PIng J. The impact and research of the Three Gorge on wa-
ter environment of Chongqing section in the yangtze River. 
People in the yangtze River.28 (5), 7, 1997. [In Chinese]

55. XU X.Q. Prediction of influence of activation of mercury on 
fish in the Three gorge. Resources and Environment in the 
Yangtze Basin. 8(2), 198, 1999. [In Chinese].


