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Abstract In the present paper, accumulation of zinc (Zn),
iron (Fe), copper (Cu), chromium (Cr), nickel (Ni), man-
ganese (Mn) and lead (Pb) was determined in different
tissues (skin, muscles, liver, gills, kidney and brain) of rohu
(Labeo rohita) collected from the River Ganga in Varanasi,
India. Concentrations of Cu (except gills), Fe and Cr
(except brain for Cr) in most of the tissues were above the
permissible safe limits for human consumption suggested
by the Food and Agricultural Organization (FAO 1983).
Concentrations of all metals were higher in River Ganga
fish than those from the University fish farm. With the
exception of Zn in skin, muscle and brain tissue, the
studied metals were bioaccumulated in all tissues. The total
metal accumulation or metal pollution index was highest in
liver (20.8 £ 0.50) followed by kidney (16.8 £ 0.44), gills
(15.2 £ 0.15), muscles (12.1 £ 0.08), skin (10.5 £ 0.53)
and brain (7.0 £ 0.02).

Keywords River Ganga - Contamination -
Bioaccumulation of metals - Labeo rohita

The water of the River Ganga is used by Hindus for wor-
ship and is utilised and consumed by inhabitants along its
banks from its origin in the Himalayas to its discharge at
the Bay of Bengal. Industrial development and other
anthropogenic activities have polluted the river water to
such an extent that it has become a health concern due to
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contamination with metals and other xenobiotics. A recent
investigation by Vaseem and Banerjee (2013) illustrated
the highly polluted condition of the Ganga water at Vara-
nasi due to contamination of a large number of toxic
metals. The concentrations of these metals (mg LY
reported by these authors were Zn: 12.553 £ 2.96, Fe:
4.363 £ 2.18, Mn: 1.967 + 0.907, Ni: 0.918 + 0.247, Cu:
0.290 £ 0.016, Cr: 0.279 £ 0.19, Pb: 0.150 £+ 0.115.
These concentrations in water were greatly above the
allowable levels suggested by the Bureau of Indian Stan-
dards (1991) for drinking water.

Toxic effluents, including those from leather and textile
industries, are the main pollution sources of the river
before its entry at Varanasi. Domestic waste is also a major
polluting agent (Maceda-Veiga et al. 2012) because it
contains metals from household products, such as insecti-
cides, toothpaste, cleaning materials and cosmetics.

Metal pollutants are of concern due to their toxicity,
persistence and bioaccumulation in the food chain (Storelli
2008; Groth 2010; Mendil et al. 2010). Aquatic organisms
have been reported to accumulate heavy metals in their
tissues several times higher than their ambient levels in
water by absorption through the gills and by consumption
of contaminated food and sediments (Canbek et al. 2007,
Ayandiran et al. 2009). As fishes are constantly exposed to
pollutants in contaminated water, they are excellent bio-
indicators of heavy metals in aquatic ecosystems (Nsikak
et al. 2007).

Labeo rohita (rohu), an endemic fish species found in
large numbers in the Ganga River, and is one of the pre-
ferred fishes of the people. The bioaccumulation of the
metals zinc (Zn), iron (Fe), copper (Cu), chromium (Cr),
nickel (Ni), manganese (Mn) and lead (Pb) in various tis-
sues of the rohu were analysed. The concentrations of
metals in edible tissue were compared to guidelines of
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maximum permissible concentrations to determine the
relative safety for human consumers.

Materials and Methods

This study was conducted from January to April, 2011.
Twenty-five fish were caught from each of three sites in the
city of Varanasi (Fig. 1) (Vaseem and Banerjee 2013).
The live fish (30 = 10 g, 11 £ 2 cm) were brought to the
laboratory in river water. Cold anaesthetised fish were
sacrificed, and tissue samples were pooled before washing
with double-distilled water. They were then placed into
petri dishes to dry at 120°C until there was no weight loss.
One gram of each dried tissue sample (in three replicates)
was then digested with diacid [HNO3; and HClO, in 2:1

ratio (Canli and Kalay 1998)] on a hot plate maintained at
130°C until all materials were dissolved. Metals were
analysed using a flame atomic absorption spectrophotom-
eter (AAS) (Perkin-Elmer Model 2380, Inc., Norwalk, CT,
USA). Quality control measures were applied to detect
contamination as well as the reliability of data. To calibrate
the instrument, blanks and a drift standard were run after
every ten readings. Detection limits for metals in mg kg_l
were 0.1 for Fe, Mn and Zn; 0.01 for Cu, Pb and Ni; and
0.02 for Cr. The results were expressed as mg kg~ ' dry
weight for the fish tissues. Heavy metal concentrations of
the tissue samples were analysed in the laboratory fol-
lowing the standard methods of APHA (1998). The metal
accumulation data of the Ganga River fish were compared
with those observed in the same fish raised/maintained
under controlled condition at a fish farm at the Institute of

Fig. 1 Map showing study area o
(Vaseem and Banerjee 2013) foil
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Table 1 Concentrations (mg kg™ ') of metals in various tissues of fish collected from a fish-rearing pond (control) and the River Ganga,

compared to published values for maximum safe limits (FAO)

Tissue Mn Cu Zn Fe Cr Ni
Skin

Control 0.52 + 0.22 7.53 £32 0.85 + 0.10 21.73 £ 4.38 bdl* bdl

Ganga 5.70 £ 0.11* 20.09 £ 0.61* 5.79 + 1.26%* 3541 £ 0.76* 5.8 £ 0.07 bdl
Muscles

Control 0.56 + 0.01 1.8 £ 0.02 5.65 + 0.09 38.45 £+ 0.83 bdl bdl

Ganga 497 + 0.13* 13.17 £ 1.13* 10.69 £ 1.75* 47.81 £+ 1.05% 8.14 £ 0.17 bdl
Gills

Control 0.61 £ 0.2 387 £ 0.1 5.69 £+ 2.52 14.87 £ 2.79 bdl bdl

Ganga 7.31 £ 0.15% 8.35 £ 0.18* 30.94 £ 1.32% 7496 £ 2.16* 13.14 + 0.15 7.48 + 1.46
Liver

Control 0.33 + 0.22 14.13 £ 3.35 10.82 £ 0.63 49.88 £ 5.96 bdl bdl

Ganga 10.59 + 0.59* 28.19 £ 2.24* 38.08 £ 1.03* 131.05 £ 4.34* 7.92 + 0.29 8.12 + 2.05
Kidney

Control 2.28 + 0.04 14.95 £ 0.76 22.69 £+ 0.49 36.23 £+ 0.60 bdl bdl

Ganga 7.79 £+ 0.15%* 22.51 £ 0.96* 35.28 £ 1.42% 55.21 £ 1.10%* 12.25 £ 0.14 6.12 £ 0.93
Brain

Control 0.92 + 0.02 3.5 £ 0.159 4.38 £ 0.22 11.24 + 1.89 bdl bdl

Ganga 2.65 £ 0.07* 12.68 + 3.36* 16.04 £ 1.27* 48.92 £+ 2.17* 0.64 + 0.02 bdl
FAOP (1983) nl® 10 50 5.6 1 nl

* Denotes significant differences at p < 0.05

4 Below detectable limit

® FAO Food and Agricultural Organisation (1983)
¢ No limit has been suggested by FAO (1983)

Agriculture Sciences, Banaras Hindu University (BHU),
Varanasi. To check if the metal contamination levels in fish
from the Ganga River were safe for human consumption,
the data were also compared with the permissible limits
recommended by the Food and Agricultural Organization
(FAO 1983) for fish and fishery products.

The bioaccumulation factor (BAF) denotes the ratio
between the accumulated concentration of a given pollutant
in any organ and its dissolved concentration in water
(Authman and Abbas 2007). It was calculated using the
following equation:

X (mg/kg)

BAY Y(mg/liter)

where X denotes metal concentration in fish organ and Y
denotes metal concentration in water (Vaseem and Baner-
jee 2013).

The metal pollution index (MPI) was calculated to
determine total accumulation of the metals in the various
tissues. The MPI values were calculated using the equation
(Usero et al. 1997):

MPI = (Cf, % Cfy # Cf; % ... % Cf,) /P

where, Cf, is the concentration for the metal n in the
sample.

@ Springer

Statistical analyses of data were carried out using stu-
dent’s ¢ test to compare the differences (p < 0.05) in metal
accumulation in the Ganga River fish and BHU cultured
fish. One way ANOVA followed by Duncan’s Multiple
Range Test (p < 0.05) were used to compare the calculated
MPI values of different tissues of fish collected from
Ganga River. The data in Tables 1, 2 and 3 are given as
mean £ SD.

Result and Discussion

Table 1 provides metal concentrations (mg kg™') in dif-
ferent tissues (liver, kidney, gills, muscles, skin and brain)
of riverine fish compared to concentrations in farm-raised
fish and permissible limits for fish and fishery products
(FAO 1983). Zinc concentrations in all tissues of the riv-
erine fish were below the maximum permitted limit
(50 mg kg~") suggested by FAO (1983), but were higher
(p < 0.05) than those reported in the fish collected from the
university pond. Zinc is an essential element involved in
many metabolic activities, but higher concentrations in fish
may result in the destruction of gill epithelium, causing
hypoxia, growth retardation and mortality (Jones et al.
2001; Plachy 2003).
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Table 2 Bioaccumulation factors for metals in various tissues of L. rohita collected from the River Ganga

Metals Skin Muscles Gills Liver Kidney Brain

Mn 2.68 £+ 2.26 3.00 £+ 1.30 4.46 £ 2.04 6.34 £ 2.60 470 £ 2.1 1.62 £ 0.77
Cu 30.19 £ 2.14 21.94 £ 9.49 28.80 + 0.71 97.18 £7.20 77.74 £ 524 43.90 £ 11.96
Zn 0.46 £ 0.01 091 £0.34 2.62 £ 0.81 3.14 £ 0.56 2.92 £ 0.60 0.44 £ 0.19
Fe 9.38 + 3.11 12.53 £ 3.90 19.89 + 6.70 34.31 £ 10.50 14.49 £+ 4.53 12.78 + 3.92
Cr 30.26 + 19.35 42.29 + 27.11 68.48 £+ 43.78 39.70 £ 25.77 63.69 £ 40.78 341 +£2.17
Ni - - 8.58 +2.38 9.21 £2.16 6.85 £ 0.94 -

BAFs were calculated from the tissue concentrations observed in this study and the concentrations of metals in river water (Vaseem and Banerjee

2013) that was collected at the same time

Table 3 Metal pollution index (MPI) of different tissues in L. rohita collected from the River Ganga

Tissue Skin Muscles Gills

Liver Kidney Brain

MPI 10.54 + 0.53° 12.09 + 0.085¢

1523 + 0.15¢

20.83 £ 0.50" 16.84 £ 0.44° 6.99 £ 0.02*

Different letters denote significant differences (p < 0.05)

The concentrations of Cu (Table 1) in skin, muscles,
liver, kidney and brain of the fish from the river were above
the permitted limit (10 mg kg~") recommended by FAO
(1983). When compared to the BHU farm fish, all organs in
the River Ganga fish contained significantly higher con-
centrations of Cu (p < 0.05). Copper is also an important
element for good health, but the elevated intake may cause
adverse health problems such as decreased reproductivity
and oxygen consumption (Beyer et al. 2000).

Like Zn and Cu, the amounts of Mn, Fe and Cr were
also higher in all the analyzed tissues of fish collected from
the River Ganga compared to fish from the BHU pond.
Concentrations of Fe and Cr in River Ganga fish exceeded
the respective permissible FAO limits of 5.6 and
1.0 mg kg ™', respectively, with the exception of brain
tissue for Cr. Chromium plays an important role in glucose
metabolism, but its higher concentration may lead to
reduced growth, altered metabolism and chromosomal
aberrations. Iron is an important component of the respi-
ratory systems, but its higher concentration may cause gill
damage, disrupt metabolism and osmoregulation (Dalzell
and Macfarlane 1999).

No limit was set by FAO (1983) for Mn. It is an
essential trace element that serves as a structural compo-
nent of some enzymes and activates the functions of many
enzymes. But it is also toxic when concentrations in the
body are too high. It may cause hallucinations, forgetful-
ness and nerve damage in human subjects (www.lenntech.com/
periodic/elements/mn.htm). The amounts of Ni and Cr in
fish collected from the BHU pond were below detectable
levels. Ni is required for normal growth and reproduction in
animals and human beings, but has a carcinogenic effect
when consumed in high amount. Ni was, however, present
in the kidney, liver and gills of fish obtained from the River

Ganga. Lead was never detected in any tissue collected
either from BHU or the River Ganga.

In aquatic ecological risk assessment, BAFs are used to
quantify chemical accumulation in tissue relative to con-
centration in water or sediment (Fairbrother et al. 2007,
Thomann et al. 1995). With the exception of Zn in skin,
muscle and brain tissue, all metals had tissue concentra-
tions that were higher than their respective concentrations
in water (Table 2). Aquatic organisms have been reported
to accumulate metals to concentrations that are many times
higher than those present in water (Olaifa et al. 2004).
While studying the trace metal concentration in the water,
sediment and fish tissues from the Lake Tanganyika, Chale
(2002) noted that concentrations of metals in fish tissues
were always higher than in water.

When one or more metal contaminants are present in the
tissue(s), it becomes mandatory to understand the total metal
load/stress on the different organ of the fish. This load is
reflected in the MPI value. The MPI values (Table 3) in this
study were calculated to compare the total metal uptake in
different tissues of the fish. The order of MPI values was
liver > kidneys > gills > muscles > skin > brain.

A possible reason that liver tissue has the highest MPI
value may be due to its role as the main site for synthesis of
various proteins and other molecules which have high
affinities for metals (Fernandes et al. 2008), as well as
being the main site of detoxification of various contami-
nants. Also, metals are transported to the liver from dif-
ferent sites of absorption (Kargin and Erdem 1991). The
kidney was the second highest organ for metal accumula-
tion, likely due to its excretory function. Gill tissue also
exhibited high level of metal accumulation. Gills have a
large surface area, and are in continuous contact with the
aquatic environment. Hence chances for bioaccumulation
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of metals are very high. Further, the barrier distance
between the blood in the gills and ambient toxicants is very
thin, causing easy transfer of the metals into the gills. The
other reason for increased metal accumulation in the gills is
perhaps due to the increased density of chloride cells
whose number increases in contaminated waters because of
their role in picking up of cations, including metal ions
(Mazon et al. 1999, 2002; Costa and Fernandez 2002).

The concentrations of different metals in muscle tissue
were relatively low compared to the liver, kidney and gills.
This may be due to less extensive blood circulation in
muscles than other vital tissues like liver, kidney and gills.
Also, muscle is a less metabolically active tissue (Adhikari
et al. 2009; Wagner and Boman 2003; Radhakrishnan
2010). Even though the skin is a boundary tissue, the
accumulation of metals is not as high as that observed in
the gills, perhaps due to continuous production and
sloughing of slime from the body surface (Singh and
Banerjee 2008) resulting in the loss of metals bound with—
SH groups. Metal accumulation in the brain tissue was
minimal. This might be due to the presence of a blood brain
barrier (Takeda 2004).

In conclusion, the concentrations of three metals (Cu, Fe
and Cr) in Ganga River fish were higher than the permis-
sible levels suggested by an international organisation, the
FAOQO. Hence, it is not presently safe to consume L. rohita
collected from the River Ganga in the Varanasi region. If
preventive measures are not taken to curb the inputs of
metals pollutants, the condition may worsen in the future.
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