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Abstract The present study is the first to report the total

mercury concentration of 37 fish species collected from

Wujiang River, which is the largest branch on the southern

bank of Yangtze River, China and proposed for hydro-

power development. Total mercury concentrations varied

among the 37 subtropical species examined. We found

higher mercury concentrations in carnivorous species

demonstrating greater mercury bioaccumulation in species

with more predatory feeding habits. There is no significant

difference between fish grouped by habitat preference and

feeding habit. However, carnivorous species preferring

benthic positions had higher total mercury concentrations

than others suggesting that mercury accumulation is related

to the interaction of feeding habit and habitat preference. In

our study, fish that are bottom living and feed on other fish

or aquatic animals are more likely at high risk of mercury

exposure. Additional mercury contamination and future

impoundment may raise mercury concentration in fish in

the Wujiang causing concern for human health and eco-

logical impacts.

Keywords Mercury � Bioaccumulation � Contamination �
Fish

Introduction

Mercury has been well known as an environmental pollu-

tant for several decades. In the aftermath of the discovery

that mercury from industrial pollution was the cause of

Minamata disease in Japan (Eto 1997), much attention has

been focus on mercury contamination in aquatic ecosys-

tem. Fish, which stand at the top of aquatic food chain, are

known to accumulate mercury (Paller and Littrell 2007).

The significance of mercury in fish is mainly with respect

to potential adverse effects on the health of humans and

wildlife species that rely on fish as a food source and on the

fish populations themselves (Uryu et al. 2002; PHRTE

2007).

In recent years, field surveys on mercury contamination

have been extensively carried out in different parts of the

world. Mercury uptake and depuration in fish is partly

affected by several biological factors of fish such as spe-

cies, size, weight, length and age (Bidone et al. 1997;

Svobodová et al. 1999; Ramlal et al. 2003; Evans et al.

2005; Gammons et al. 2006; Burger and Gochfeld 2007;

Kinghorn et al. 2007; Rask et al. 2007; Tuomola et al.

2008). However, only a few studies have focused on the

effect of feeding habits on mercury bioaccumulation in

a large number of fish species in the same water body

(Bidone et al. 1997; Régine et al. 2006; Dorea et al. 2006;

Marrugo-Negrete et al. 2008). Studies of the effect of other

biological factors on mercury accumulation in many spe-

cies of wild fish from one waterway are still lacking in the

world and need to be conducted to understand better what

conditions are most likely to result in high mercury expo-

sure of aquatic organisms.

Wujiang River is the longest tributary on the southern

bank of Yangtze River, which is the third largest river in

the world. Under the state plan, 11 hydropower stations

will be built on the Wujiang River. Wujiang River is

located a high background mercury zone of China (Gustin

et al. 1999). Thus it is urgent to document mercury con-

centration in different species before this waterway is
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impounded. So far, there is no record of mercury levels in

fish from Wujiang River. The main purposes of this study

were to investigate mercury concentration in fish from

Wujiang River and discuss what biological factors may

affect mercury accumulation in fish.

Materials and methods

Wujiang River is 1,037 km long and its valley area is

88,000 km2. It rises in the Wumeng Mountains in the

Weining County of west Guizhou. The main stream runs

through Liuguang, Wujiangdu, Sinan, Yanhe, Siqu and

Gongtan from where it goes to Chongqing Province and

flows into the Yangtze River at Fuling City. Wujiang River

is located a high background mercury zone of China

(Gustin et al. 1999). Mercury mines in Wujiang River basin

have recoverable deposits of 18,600 tons, sources of

potential additional mercury to the river.

Figure 1 shows the sampling stations in the Wujiang

River. The investigations were carried out in July and

October 2007. During the sample period, 228 individuals

representing 37 fish species were caught by gill net from the

docks of Lujiao Town, Wangzu Town, Yanhe County and

Pengshui County along the river. Each fish was measured for

body weight and length. A filet of 100–200 g of muscle tissue

Fig. 1 Sampling stations in

Wujiang River
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was cut from the dorsal area. Fish muscle samples were

immediately wrapped in plastic bags and placed in an ice

box, transported to the laboratory and kept in a freezer

(-20�C). Total mercury concentrations of fish muscle

samples were measured by an atomic absorption spectrom-

eter according to the methods published by Ministry of

Health of the People’s Republic of China (MOH) and

Standardization Administration of the People’s Republic of

China (SAC) (2003). All statistical tests were performed

using SPSS (version 13.0). According to Ministry of Water

Resources of the People’s Republic of China (MWR) (1998),

average mercury concentrations were calculated using 0.001

for values less than the detection level (0.002 mg kg-1 WW).

Results

Species average mercury concentration by sampling loca-

tion and overall for the entire river, range of body length and

weight, and grouping by feeding and habitat preference are

listed in Table 1. The average total mercury concentration of

all individual fish was 0.063 mg kg-1 WW (n = 228). Four

individual samples (1.8%) were under the detection level.

Three individual samples (1.3%) exceeded the hygienic

standard of 0.3 mg kg-1 total mercury (MOH 1994). One

sample exceeded the WHO guideline of 0.5 mg kg-1 WW

(WHO 1990).

No significant correlation was found between total mer-

cury concentration and body length or weight across all

individual fish (Length: n = 228, R2 = 0.000, P = 0.859;

Weight: n = 228, R2 = 0.013, P = 0.094) and within any

species. The total mercury concentrations of fish with dif-

ferent feeding habits and habitat preferences are shown in

Fig. 2. The average total mercury concentrations of carnivo-

rous and omnivorous fish were 0.075 and 0.058 mg

kg-1 WW, respectively. There was no significant difference

between the total mercury in carnivorous and omnivorous fish

(independent-sample t test, P = 0.090). The average total

mercury concentrations of pelagic, mesopelagic and benthic

fish were 0.061, 0.057 and 0.067 mg kg-1 WW, respectively.

There was no significant difference between the total mercury

in pelagic, mesopelagic and benthic fish (SNK, P = 0.646).

However, the total mercury concentration in carnivorous,

benthic fish is significant higher than all others (independent-

sample t test, P = 0.045).

Discussion

There are only a few published studies documenting

mercury concentrations in a wide variety of species from

one natural water system. Previous field surveys of T
a
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mercury contamination were conducted in fish of 16 spe-

cies from Tartarugalzinho River, Amapa State, Northern

Amazon, Brazil (Bidone et al. 1997), 25 species from lakes

in northern Canada (Lockhart et al. 2005), 15 species of the

Truckee River watershed, Nevada, USA (Gustin et al.

2005), 12 species from the upper part of the Maroni River,

French Guiana (Régine et al. 2006), 12 species from the

Rio Negro, Amazon, Brazil (Dorea et al. 2006), 15 species

from the central North Pacific near Hawaii (Kaneko and

Ralston 2007), 10 species from the Sacramento–San Joa-

quin Delta region, California, USA (Davisa et al. 2008),

and 16 species from the Mojana region, Colombia (Mar-

rugo-Negrete et al. 2008). To our knowledge, the present

study is the first to report total mercury concentrations in

muscles of 37 subtropical fish species from Wujiang River,

China. Mercury concentrations varied among the different

fish species tested.

Bidone et al. (1997) reported that mercury concentrations

in carnivorous fish are generally higher than in omnivorous

fish. But found no statistical difference in at least one

waterway. Others have found that predaceous species of fish

tend to accumulate higher concentrations of mercury (Rose

et al. 1999; Evans et al. 2005; Farias et al. 2005; Dorea et al.

2006; Kinghorn et al. 2007; Marrugo-Negrete et al. 2008).

Our data agreed with previous studies and suggests that,

while not significantly different, mercury bioaccumulates up

the food chain resulting in high mercury concentrations in

fish with more predatory feeding habits than those feeding at

lower trophic levels. Our study may not have sufficient

power to detect differences or mercury methylation and

accumulation rates in the Wujjiang River may be low.

A significant linear relationship often exists between

mercury concentration in fish and age, length or weight

(Gerstenberger and Dellinger 2002; Farias et al. 2005;

Fig. 2 Box blot and bar of total

mercury concentrations in

different feeding habit and

habitat groups (significant

difference is tested with P in

bar, n is the number of samples)
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Gammons et al. 2006; Kinghorn et al. 2007; Rask et al.

2007). In the present study, length was used as proxy

measurement for age. However, our study found no sig-

nificant correlation between total mercury concentration

and body length or weight suggesting that age, body length

and weight may not be the main factors affecting mercury

concentration in this river.

Few studies have focused on the effect of water column

position as a habitat preference on mercury accumulation

in different species of fish. This study compares mercury

concentrations in species with different habitat preferences.

Although there is no significant difference between the

total mercury concentrations of pelagic, mesopelagic and

benthic fish, carnivorous fish preferring benthic positions

have significantly higher total mercury concentrations than

others. In Wujiang River, mercury concentrations in sedi-

ment (0.131–0.359 mg kg-1) were higher than in water

(0.036–0.050 lg l-1) (Wen 1994). Higher mercury con-

centrations in carnivorous species inhabiting benthic

positions suggests that sediments may be more important to

mercury accumulation in the Wujiang River than in other

systems where feeding and trophic position appear to be

more important. Our results suggest that mercury accu-

mulation in many species of the Wujiang River is related to

the interaction of feeding habit and habitat preference.

In 1978, the World Health Organization established an

allowable daily intake standard of 0.5 lg of methylmercury

per kg body weight whereas recent recommendations by

U.S. EPA reduced the safe daily allowance to 0.1 lg of

methylmercury per kg body weight per day (Moore 2000).

It is known that more than 95% of the total mercury con-

centration in the edible portion of fish is typically in the

form of methyl mercury (Khaniki et al. 2005). According

to the results, if the average adult weigh is approximately

60 kilogram and if fish from Wujiang River contains

0.071 mg kg-1 WW methylmercury per day (based on the

average of carnivorous fish), people should limit their fish

intake from Wujiang River to 84 g per day. Although

mercury concentrations in aquatic organisms from the

Wujiang River were lower than the WHO limit, contami-

nation of mercury will impact human health if too much

fish is consumed and health of the biota in the system.
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J, Vertad M (2007) Changes in fish mercury concentrations over

20 years in an acidified lake subject to experimental liming. Appl

Geochem 22:1229–1240. doi:10.1016/j.apgeochem.2007.03.015

Régine M-B, Gilles D, Yannick D, Alain B (2006) Mercury distribution

in fish organs and food regimes: significant relationships from 12

species collected in French Guiana (Amazonian basin). Sci Total

Environ 368:262–270. doi:10.1016/j.scitotenv.2005.09.077

Rose J, Hutcheson MS, West CR, Pancorbo O, Hulme K, Cooperman

A, Decesare G, Isaac R, Screpetis A (1999) Fish mercury

distribution in Massachusetts, USA lakes. Environ Toxicol

Chem 18(7):1370–1379. doi:10.1897/1551-5028(1999)018\13

70:FMDIMU[2.3.CO;2
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