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Abstract: In this study the rate of mercury (Hg) biomagnification in the Zabol Chahnimeh reservoirs of the
Sistan, Iran, is investigated by analyzing mercury concentrations in muscle and scales of Grass Carp
(Ctenopharyngodon idella) and Silver Carp (Hypophthalmichthys molitrix). The presented results suggest
that the consumption of fish in Zabol Chahnimeh reservoir at the present rate does impose health hazards to
the local population and especially for children. There is a significant (p < 0.005) and strong correlation (r= 0.94)
between mercury concentration muscle and scale in C. idella and significant (p < 0.04) and correlation (r= 0.45)
between mercury concentration muscle and scale in H. molitrix.
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INTRODUCTION in the south of the Sistan plain located in South-Eastern

Elevated mercury (Hg) concentrations in fish are Stored  water  in these cavities are used to Sistan earth
world-wide of environmental concern. High Hg and  for  providing  drink water of Zabol and Zahedan
concentrations are found not only in fish living in waters cities Helmand  River  stretches  for  1,150 km. It rises in
receiving  direct  discharges  of the metal but also where the  Hindu  Kush  mountains,  about  80 km (5 west of
no direct source exists. Long range atmospheric Kabul (34°34'N 68°33'E34.567°N 68.55°E), passing north of
deposition in combination with transformation and the Unai Pass. It crosses south-west through the desert
mobilization from catchments and sediments are important of Dashti Margo,  to  Seistan marshes and Hamun wetland
contributors  to  elevated Hg concentrations in fish [1]. and Zabol Chahnimeh reservoir region around Zabol at
Fish are used as good indicators of metals in aquatic Afghan-Iranian  border  (31°9'N  61°33'E31.15°N 61.55°E).
systems. Likewise, fish is the main source of trace At  present Hamun wetland is dry and there is no
elements like mercury in human diet. Approximately 90% evidence regarding natural resources of mercury in site.
of human health risks related to fish consumption is The aim of this study was to determine the mercury
associated  to  mercury-contaminated fish [2]. Due to the content of selected fish to determine the accurate Hg
neurotoxic effects of mercury, it is listed as one of the six exposure in local population through fish intake.
most dangerous  chemical  substances  by International Population of this region has fish–based diets and this
Program of Chemical Safety (IPSC) [3]. At present, Hamun study is the first report of mercury in Zabol Chahnimeh
wetland  is  dry and the Zabol Chahnimeh reservoirs are reservoirs in east Iran. Also investigate correlation
the main source of fishery and drinking water in Eastern mercury  concentration  between  muscle and scale in
Iran, a tributary of the Helmand River in Afghanistan. fishes as a lethal methods new for determine mercury in
Zabol Chahnimeh reservoirs are four natural, big cavities fishes.

Iran extending for includes 50 million square meters.
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Fig. 1: The arrows indicate the location of the sampling areaTable 1: Mercury concentrations (mg kg  wet weight) in muscle and scale of1

MATERIALS AND METHODS was measured by cold vapor atomic absorption

6 Grass Carp (mean size 754±61 mm, range 680-830 MA, USA ). Results are expressed as mg kg  wet weight.
mm, mean weight 420±114 g range 315-625 g) and 6 Silver The analytical procedure was checked by using reference
Carp (mean size 768±61 mm, range 673-860 mm; mean material [MESS-1, National Center of Canada and CRM
weight 357±60 g range 305-475 g) from Zabol Chahnimeh 277, Community Bureau of Reference, Brussels, Belgium
reservoirs were collected by net in May 2012 (Figure 1). and details were in Meador et al. [5]. For each matrix,
After biometry, the fish’s treatment, the scales were analyses of three blank samples were performed along
removed from the vials and rinsed with deionized water with the samples. Thirty % of these samples were
and dried and keep in polypropylene vials before analysis repeated 3 time and quality control was assured by the
and fishes were immediately frozen at -20°C. Based on analysis of reagent blank and procedural blanks. Data
International recognized guidelines of sampling statistics were performed using SPSS 11.5 software. Paired
procedures, all samples were cut into pieces and labeled samples T Test were used to compare differences between
[4]. Fish samples were put on to a dissection tray to be samples. Spearman rank correlation coefficients were used
thawed at room temperature. They were dissected by to test correlations among Hg levels with length and
stainless steel scalpels and Teflon forceps on a laminar weight fishes and muscle and scale. A P-value less of 0.05
flow  bench.  In  parallel, gill and a part of the muscle was considered statistically significant.
(dorsal muscle without skin) were removed and
transferred to polypropylene vials. Subsequently, samples RESULT AND DISCUSSION
were put into an oven to dry at 90°C and reach constant
weights in the oven. Before acid digestion, a porcelain Table 1 shows mean values of total Hg in muscle and
mortar used to grind and homogenize the dry tissue scale of the two fish species in Zabol Chahnimeh
samples. Aliquots of approximately 1 g dried scale and reservoirs. The paired t-tests didn’t detected significant
muscle were digested in Teflon beakers for 12 h at room differences in total mercury in muscle and scale tissues
temperature and then for 4 h at 100°C with 5 mL ultrapure two species fishes in this region. The mercury
nitric acid (65 %, Merck, Darmstadt, Germany). Mercury concentration   in    muscle    tissue   and   scale   tissue  of

spectrophotometry (model AA 700, Perkin-Elmer, Boston,
1
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Table 1: Mercury concentrations (mg kg  wet weight) in muscle and scale of fishes and correlation between muscle and scale fishes1

Common name Scientific name Number Tissues Mean Median Range
Grass Carp Ctenopharyngodon idella 6 Scale 0.25 0.26 0.06-0.40

Muscle 0.34 0.35 0.12-0.55
Silver Carp Hypophthalmichthys molitrix 6 Scale 0.33 0.30 0.22-0.46

Muscle 0.27 0.25 0.14-0.42

Grass Carp and Silver Carp from Zabol Chahnimeh were consumption rate (Table 2). The average daily fish
same levels of mercury. Concentration mercury in muscle consumption in Iran was 32 g  day person which is also
tissue of Grass Carp, Silver Carp, was 0.34 mg kg wet equivalent to 227 g  day person per week (Rezayi et al.1

weight, 0.27 mg kg  wet weight, respectively. 2011) [15]. Current mercury intakes were compared with1

Concentrations of mercury in scale tissue of grass carp the provisional tolerable weekly intakes (PTWI; 5 µg
and silver carp were 0.25 mg kg  wet weight and 0.33 mg week kg body weight) established by the Joint1

kg  wet weight, respectively. Also wasn’t detected FAO/WHO Expert Committee on Food Additives (1993)1

correlation among mercury concentration in muscle and [16] and the hazard quotient was calculated using the
scale with size and weight fishes. average of each fish species divided by the reference

When  the  mercury concentrations in muscle of doses (RfD; 0.1 µg  kg bw day for methyl mercury)
fishes in  this  study  are  compared   with  other established by the United States Environmental
freshwater  fishes  from  Iran  C.  idella  and H. molitrix Protection Agency (2010) [17]. The maximum safe
this   study   showed    lower    levels    of    Hg   than  for consuming quantity (MSCQ) of each fish species was
B.  xanthopterus  or  B.  grypus  from  Karoon River and estimated. As shown in Table 2, the estimated weekly
Dez River and was similar to, L. abu Karkhe River and intakes of the adult local population were lower than the
Bahmanshir [6]. PTWI and for children were higher than PTWI. The value

C. idella and H. molitrix this study had higher levels accounted for all fishes, the hazard quotients were high.
of Hg in muscles than C. idella and H. molitrix from The MSCQ was 20.5 g  day person for C. idella and 25.9
Yangtze River, Chagan lake, Taihu Lake china C. idella g day person for H. molitrix in adults and 4.2 g day
and H. molitrix from this study had higher levels of Hg in person for C. idella and 5.3 g  day person for H. molitrix
muscles than C. idella and H. molitrix from Yangtze in  childers.  The  average MSCQ considering the fish
River, Chagan lake, Taihu Lake China [7-9] and lake of (20.5 g day adult person and 4.7 g day children person)
Bhopal  from  India  ()  [10].  But  levels  of Hg in muscles was lowers than the current quantity consumed (32 g
H.  molitrix  this  study was lower than H. molitrix from day person) by the local residents. The present results
Ya-Er Lake, China () [11]. suggest that the consumption of fish in the Zabol

Mercury concentration in Zabol Chahnimeh Chahnimeh reseviore at the present rate does impose
reservoirs is relative high seem recent war in Afghanistan health hazards on the local population and especial
and agriculture activity in around Helmand River in children.
Afghanistan and Iran may increase mercury concentration
in Fishes this region. Mercury in Scale Fishes: Public health officials and

Excessive mercury causes chronic toxicity to various wildlife toxicologists often face daunting tasks in
organs of human beings, such as those in the nervous, attempting to assess the potential magnitude of Hg
motor, renal, cardiovascular, immune and reproductive exposure through fish because of the abundance of small
systems [12]. Most of the mercury present in humans has freshwater sites that are fished and that serve as sources
been extensively proven to originate from the for wildlife. Monitoring mercury content in fish involves
consumption of fish [11]. Moreover, more than 95% of the sampling a representative number of fish from a particular
total mercury concentration in the edible portion of fish is population, the killing of the fish, the treatment of samples
typically in the form of methyl mercury [13]. Therefore, and the analysis of muscle tissue [18]. Nets, traps and
human health risk assessments have been often carried electrofishing are used for fish sampling. The use of these
out assuming that mercury in fish was mostly in the form classic methods in repeated monitoring of one locality
of methyl mercury [14]. To estimate the health risk from could potentially decline a small fish population.
fish consumption from Zabol Chahnimeh reservoirs, Therefore, it is sometimes more suitable to use non-lethal
weekly intakes of mercury were estimated based on the methods. Materials such as fish scales, fins, tissue grafts
mercury  concentration  measured in fish found in the or drops of blood can all be used in non- lethal sampling
Zabol Chahnimeh reservoirs and the weekly fish [18, 19].

1

1

1

1

1

1 1

1

1 1

1



World Appl. Sci. J., 20 (4): 565-569, 2012

568

Table 2: Estimated weekly intakes (EWI) for fish consumed by adult and children  near Zabol Chahnimeh reservoirs

Species Mercury concentration µg kg  wet weight EWI Ratio of EWI to PTWI Hazard quotient MSCQ1 a b c

C. idella 340 Children 5.57 1.11 7.90 4.20
Adult 1.15 0.23 1.60 20.5

H. molitrix 270 Children 4.49 0.89 6.40 5.30
Adult 0.93 0.18 1.32 25.9

EWI, Estimated weekly intake in micrograms per week per kilogram of body weighta

Hazard quotient = EWI/7/RfD. If the ratio was <1, there was not any obvious riskb

MSCQ (grams) = average body weight (70kg) × RfD (0.1 µg kg  bw/day)/average concentration (micrograms per kilogram) × 1,000 (grams per kilogram)c 1
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