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Abstract

Twenty three samples of wild fish Colisa lalia were collected from Nala Daik, a stream in Sialkot. The concentration of Cadmium (Cd),
Cobalt (Co), Iron (Fe), Manganese (Mn) and Nickel (Ni) in the whole fish were determined by Flame atomic absorption spectrophotome-
ter to estimate the water contamination and health risk of human consumption in Sialkot region which is a popular industrial area. The
detected cobalt in twenty two samples and nickel in eight samples exceeds the permitted limits for fish set by IAEA-407 (Wyse et al.
2003).While the concentration of Cadmium, Iron and Manganese in all samples were below permitted level set by European and other
International Organizations. The concentration of Cd, Co, Fe, Mn and Ni was ranging from 0.20-1.71, 0.84-55.38, 82.82-137.63, 1.61-
22.73, 2.23-5.98 having mean value as 0.67, 39.31, 139.09, 13.26 and 0.56 (ug/g wet weight) respectively. Regressions analysis was
performed for both size and condition factor with metal concentrations. As far as correlation with total length and weight was concerned,
a decreasing trend was shown by Cd and Ni while Co, Fe and Mn showed an increasing trend and these correlations were found signifi-
cant for all these elements. No effect of condition factor was observed in the study on Colisa lalia. Inter-elemental regression showed

significant correlations among metals.
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1. Introduction

Fish provide protein for the increasing population, especially in
the developing countries of Africa, Asia and South America and in
such countries increased fish production can compensate the die-
tary protein shortage (Nnaji et al. 2009, Zhu et al. 2015). For
maintenance of healthy life, Omega-3 fatty acid and important
vitamins are provided by fish( Ozuni et al. 2010), so it is a part of
human diet because some biological experiments have confirmed
that it is nutritionally equivalent to meat, milk, eggs (FAO, 1995).
In addition, human functioning becomes better by eating fish. Oil
of fish is also healthful as it contains many healthy acids (Raf-
flenbeul, 2001). But many research literatures also suggest that
fish consumption may be dangerous because of the presence of
environmental pollutants. While eating fish can improve health
and increase healthy life, mercury, pesticides, and other pollutants
associated with chronic diseases and cancer appear to be present in
almost all fish (Linkov et al. 2009). Heavy metals are introduced
into the water, through sewage of homes and waste of industries
and have harmful effects both on the environment and ecology
(Abu-Darwish et al., 2011, Waqar et al. 2013). The water of rivers
become contaminated by many damaging metals, discharging
because of human activities, as waste of industries and agriculture,
sewage form homes, seepage of groundwater has damaging effects
on the equilibrium of the receiving environment and wide range of
water biota (Sobha et al. 2007, Taweel et al. 2013, Kousar &
Javed, 2014 ). In urban areas, running rivers have been polluted
due to addition of sewage from home, excretory wastes and pollu-
tants from industries into water causing high rate of toxicity of
metals in the water of river (Venugopal et al. 2009, Sekabira et al.
2010). In aquatic environment, pollution of heavy metals is in-

creasing at drastic point and has become a major problem
throughout the world. Because break down of heavy metals cannot
be done, these are accumulated, become part of body or enter in
water, sediment and animals in water and so, result in pollution of
heavy metal in water medium (Malik et al. 2010, Yap et al. 2015).
That’s why; through the food chain heavy metals can be bio ac-
cumulated and increased in amount and resultantly become part of
human body becoming risk for health (Agah et al. 2009). In aquat-
ic organism, metal bioaccumulation is not related simply to the
surrounding concentration but is also affected by complex geo-
chemical and biological factors (Zhang & Wang, 2007, Kousar &
Javed, 2014). Both field and research laboratory experiments show
that in fish addition of heavy elements is mainly because of metals
concentration in surrounding water medium and duration of expo-
sure, although in metal accumulation these aspects such as level of
salt in water, pH, hardness of water medium and temperature,
ecological demands, weight and age, life cycle of development,
season of capture and diet of fish also has an important part (Canli
& Atli, 2003). Similarly, the speed of intake, storage capability
and removal have also role in accumulation of metals in fish tissue
(Longston, 1990). Different metal ions get magnified biologically
with their growth, when get entry in their different tissues from the
surrounding water. Fish are considered as the most indicative fac-
tors for water pollution (Cid et al. 2001, Rashed, 2001, Papagian-
nis et al. 2004, Ashraf, 2005, Lavilla et al. 2008, Kousar & Javed,
2014). Age and body size are two important biological aspects
among the many factors affecting metal bioaccumulation (Phillips,
1980, Newman & Doubet, 1989, Zhang & Wang, 2007). Metal
toxicity also depend on fish length and weight (Kroupa &
Hartvich, 1990, Falandysz, 1994, Kostecki, 2000). Depending on
size, many authors have seen variations in metal toxicity of fish
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(Luczynska & Tonska, 2006, Promya & Chitmanat, 2011). Area
of research, Sialkot is famous for industrial plants like leather
industry, surgical parts, medicines and drug industry, juice factory,
textile and steel mills. As this city is more populated so facing
problem of pollution in water and air. Quality of water is affected
by wastes of domestic usage, industries and agriculture wastes. So
water of streams, ponds and agricultural area is becoming polluted
with passage of time (Sialkot Water Supply, Sewerage and Drain-
age Strategy and Action Plan, 2010). The present study investigate
the elemental composition in wild Dwarf gourami, Colisa lalia
indicating water pollution, and relating the concentration of metals
with respect to fish size and condition factor.

2. Materials and methods

Collecting Samples Twenty three samples of wild fish Colisa lalia
were collected from Sialkot. Collected fish were transported to the
Fisheries Laboratory, Institute of Pure and Applied Biology, Ba-
hauddin Zakariya University, Multan in plastic containers. The
fresh fish were washed immediately to free it from adhering blood
and slime, on arrival of laboratory. Total length (TL) of collected
fish samples were measured by using wooden measuring tray and
weighed (W, wet weight) on an electronic balance (MP-3000
Chyo, Japan).

2.1. Preparing of sample solutions and analysis

The dried Samples were converted into ash by keeping in furnace
at 500 o C for many hours. Then these ashed samples were dis-
solved in 1% HNO3, filtration was done depending on require-
ment and 25 ml diluted solutions were prepared by dissolving in
deionized water (having 1 % HNO3). These solutions were kept in
bottles by writing fish name for the analysis of metals. The analy-
sis of these sample were made with iCE-3000 atomic absorption
spectrophotometer (Thermo fisher, UK) to determine the concen-
tration of Cd, Co, Fe, Mn and Ni at Food Science laboratory, Uni-
versity college of Agriculture Bahauddin Zakariya University,
Multan . After every ten samples calibration of the instrument was
repeated during operation.

2.2. Statistical measurement

Microsoft Excel 10.0 software (Copyright @ Microsoft Corpora-
tion) was used for all data tables and for all the statistical analyses.
Statistical measurement for each trait was expressed as Mean *
Standard Error. It was purpose of the current research to show the
relationship between fish length and concentrations of Cd, Co, Fe,
Mn and Ni in the fish and so the correlation coefficients were
observed between element concentration and fish size (length and
weight). The statistical analyses regression analysis, computation
of correlation coefficients and standard error the student’s t-test
were applied. For analyzing the effect of condition on the element
load of fish, Fulton’s Condition Factor indicate individual condi-
tion factor of fish. The variations of element concentration with
length and weight of samples were determined by using the
ANOVA technique. Multiple regression analysis is done to deter-
mine the relationship of elements with body weight, total length as
well as condition factor.

3. Results

Elemental composition of twenty three samples of wild Dwarf
gourami Colisa lalia was analyzed. The values of cadmium, co-
balt, iron, manganese and nickel in Colisa lalia are shown in (Ta-
ble-1). Accumulation of studied elements followed this descend-
ing order: Fe>Co>Ni>Mn>Cd.

Table 1: Grand Mean and Standard Error Values of Metal Concentrations
in Carcasses of Colisa Lalia (Whole Fish), N=23

Concentration in wet weight ~ Concentration in dry weight

Elements  (ug/g) (n9/9)

Mean + SE Mean + SE
Cd 0.67 £ 0.100 2.45 +0.3688
Co 39.31 +5.7333 142.32 + 20.6970
Fe 139.09 + 28.4578 489.38 + 92.2079
Mn 13.26 £ 1.6578 48.76 £ 6.6287
Ni 0.56 + 0.0753 89.03 +13.131

3.1. Relationship of body weight and total length with
metal concentrations

The values of Cd, Fe, Mn and Ni were observed highly significant
with the fish weight and total length. Co showed significant rela-
tionship (P<0.01) with body weight and total length. In samples of
Colisa lalia, Ni and Cd concentrations showed inverse relationship
with weight and length while Mn, Fe and Co showed a significant
increase or remain constant in concentrations with an increase in
total weight and length (Table- 2 & 3).

Table 2: Regression Parameters of Log Wet Body Weight (G) Versus Log
Total Body Burden Element (ug) for Wild Colisa Lalia (N=23) [Log Body
Burden Element (Mg) = A + B Log Wet Body Weigt (G)]

Wet body Elements r a b SE tvalue
weight (g) (b) (b=1)
Cd 0.699 0.256 0.960 0.214 4.480
Co 0.599** 1430 1.169 0.340 3.431**
059 t0 3.56 Fe 0.783*** 1970 1370 0.237  5.769***
' ' Mn 0.775*** 0920 1413 0.251 5.624***
Ni 0.779*** 1307 1.072 0.188 5.702***

a = Intercept; b = Slope; S.E= Standard Error; r = Correlation Coefficient;
*** = P<0.001; n.s. = > 0.05,

Table 3: Regression Parameters of Log Total Length (TL, Cm) Versus
Log Total Body Burden Element (ug) for Wild Colisa Lalia (N=23) [Log
Body Burden Element (Mg) = A + B Log Wet Body Weigt (G)]

;I;:cr)gtlh (cm) Elements r a b (Sb)E t(l;/a:hge;
cd 0.704*** '1_83 4 2807 0618 4.54%**
Co 0.619** 6_5 43 3508 0970 3615

057 Fe 0.779*** 6252 3960 0.694  5.694***
Mn 0.770%** 7 2ee 4077 0737 5.531%**
Ni 0.779*** 6‘ 4ap 3115 0546 5.702%

a = Intercept; b = Slope; S.E= Standard Error; r = Correlation Coefficient;
*** = P<0.001; n.s. =>0.05

3.2. Relationship between elemental concentrations and
condition factor

Regression analysis among metal concentrations (wet body
weight, pge-1) and condition factor of Colisa lalia showed insig-
nificant relationship with increasing condition factor (Table-4).

Table 4: Regression Parameters of Condition Factor Versus Metal Con-
centration (Wet Weight, pgg™) in Wet Body Weight for Wild Colisa Lalia
(N=23) [Body Burden Element (Mg) = A + B Condition Factor]

Condition t value

o Elements r a b S.E (b) (b=0)
cd 0078 o1 0164 0457 -0.360
Co 0191 g6.066 23101 25767 089

0.018

T o 161.994 411103 130300  -0.085

2 Mn 9255 31630 8903 7339 1,213
Ni 0017 5506 0028 0344 0.082

a = Intercept; b = Slope; S.E= Standard Error; r = Correlation Coefficient;
*** = P<0.001; n.s. = > 0.05.



204

International Journal of Biological Research

3.3. Multiple regression analysis (MRA)

For calculating regression analysis between two factors like length
and weight, insignificant relationship was found (p>0.05) for Cd,
Co. Fe, Mn but significantly high relationship was found
(P<0.001) for Ni values in observed fish (Table-5). Multicollinear-
ity was also observed by variance-inflation factors VIF having
value less than ten.

Table 5: Multiple Regressions Analysis of Wet Body Weight (W, G.) and
Total Length (TL, Cm) with Metal Concentration (Wet Body Weight,
Mgg-1) for Colisa Lalia (N=23)

Relationship r a bl +S.E b2 +S.E r2 VIF

Cd=a+b1TL+ 0.093" 148 0.267+06 00 1.0

b2w s 9 44 030440. 45 g
723

Co=a+blTL+ 0.124" | p 21.20#4 00 10

BoW N 195 17.36:36. .o 15 15

0 69

Fe=a+blTL+  0.305" 349. 123.27+17 00 1.1

b2W 8 03 481 992451 g3 g
96.3

Mn=a+blTL  0.165" - - 470+11. 00 1.0

+hoW s 0.92 2'10110'5 85 27 27

Ni=a+blTL+  0.880* - 07 44

b2W . 243  0.18+0.23 2.53i0.2 75 a4

r = Multiple Correlation Coefficient; a = Intercept; bl and b2 = Regression
Coefficient;

S.E = Standard Error; r2 = Proportion of Variance due to Regression;

VIF = Variance Inflation Factor; *** = P < 0.001; n.s = > 0.05

3.4. Metal interactions

By using correlation analysis, metal interactions of different met-
als (ngg-1) in wet body weight for wild Colisa lalia were tested.
Cobalt showed highly significant positive correlation (p< 0.001)
with Cd, Fe and non-significant correlation with Ni (Table-6).

Table 6: Inter-Elemental Regression Parameters of Cobalt (Mgg-1) Versus
Different Metals (Mgg-1) in Wet Body Weight for Wild Colisa Lalia

and intake of pollutants in small quantity which indicate health
(Sherwood et al., 2000).

4.2. Multiple regression analysis (MRA)

For calculating regression analysis between two factors like length
and weight, insignificant relationship was found (p>0.05) for Cd,
Co. Fe, Mn but significantly high relationship was found
(P<0.001) only for Ni values in observed fish.

4.3. Inter-elemental regression

Various results have been observed in the present study regarding
inter-elemental regression, there were equal cases of significance
and non-significant relations among metals. Regression between
different metals has value for comparing when related research is
done (Burger & Gochfeld, 2010).

4.4, Maximum permitted limits of metals in fish

The concentration of elements found in observed fish were below
the permitted levels set by different international organizations
(Table-8). But the concentrations of Co in all samples except one
was more than permitted limit established by IAEA-407,2003
(Wyse et al. 2003).Similarly the concentration of Ni in eight sam-
ples was more than permitted level established by IAEA-407,2003
(Wyse et al. 2003).

4.5. Concluding remarks

Results obtained in this study can provide reliable estimates of the
whole body elemental concentrations in various sizes of Colisa
lalia within the range used. It is insectivorous fish and feeds on
mosquito larvae so it is beneficial as antimalarial and antidengue
measure. Elevated concentration of Cobalt and Ni can be a threat
to not only to freshwater biota but also human being. As high
Nickel concentration in water cause allergic problems in human
skin (which are sensitive to it) and high concentrations of cobalt
may increase mortality rate of observed fish which feed on larvae

(N=23) of mosquito. However, more research work is required at larger
Element r a b S.E (b) scale to understand contamination level of water and biota.
cd ONGIEEE 0.141 0.013 0.002
Fe 0.738*** -5.095 3.667 0.729 Table 8: Permissible limits (ug/G) For Metals Recommended by Various
Mn 0.604** 6.396 0.174 0.050 Organizations.
Ni 0.065 ™ 0.598 -0.008 0.002 Source Cd Co Fe Mn Ni
a = Intercept; b = Slope; S.E= Standard Error; r = Correlation Coefficient; FAO (1983) .05 _ _ _ _
*x* = P<0.001; UNEP (1985) 0.3 3 B B
n.s.=>0.05 FEPA (1991) 0.05 B _ 5.0
TFC (2002) 0.05 ~ _ _ _
4. Discussion :,C}iﬁ;o;_ 2003 0.18 0.10 146 3.52 0.60
EC (2005) 0.05 _ _ _ _
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