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ABSTRACT

The river Ravi has been one of the major recipients of industrial effluents and domestic sewage in Punjab. In this study
concentrations of heavy metals, such as Fe, Zn, Cu, Cr and Ni were determined in riverine water, sediment and muscle of
three fish species, Labeo rohita, Cirrhina mrigala, Catla catla procured from river Ravi at Balloki. The data obtained
after water analysis reflected the order of occurrence of heavy metals to be Fe> Zn >Cu > Cr >Ni. The analysis of heavy
metals in sediment indicated that among the five heavy metals tested; Fe was maximally accumulated followed by Zn,
Cr, Cu and Ni. The trend of heavy metals accumulation in fish muscles was found to be similar to that observed in
sediment and water such as Fe> Zn >Cu > Cr >Ni. Data indicated that Fe accumulated maximally in the sediment as well
as muscles of the three fish species in comparison to other metals. In water Fe and Cr but in sediment Fe, Cu, Cr, Ni
concentrations were significantly higher than some international limits for these metals. Zn, Cu, Cr, Ni values in fish
exceeded almost all the international limits. Highest concentrations of all the metals were found in Cirrhina mrigala
whereas Catla catla showed lowest accumulation in muscles.
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INTRODUCTION Industrial development in Pakistan during past

few decades has launched many industrial zones at major

Rivers systems are being excessively cities. These industries are producing tremendous amount
contaminated with heavy metals released from domestic Of_ efﬂuent§ thaF are drained into pearby rvers 11.ke Ravi.
wastes, industrial effluents, and agricultural runoff River Ravi, being seasonal receives enough rain water

. . during monsoon season while in winter the amount of
Adr.lano (1986). {\ccordlng to M?ndﬂ et al. (2005,)’ water decreases significantly. But the industrial effluents
unlike other toxicants of organic nature, metallic and city sewage are produced uninterrupted and enter

el'ements are environmentally ubiqgitous, readily continuously in the river untreated as reported by Ahmed
dissolved in, transported by water, readily taken up by etal. (2011).

aquatic organisms and are considered to be persistent Balloki Headworks (Latitude: 31° 13' 10 N,
component in the aquatic environment. Fishes constitute Longitude: 73° 51' 35 E) on river Ravi is located at a
major components of most aquatic habitats and they act distance of about 42 miles from Lahore in the South-
as bio-indicator of heavy metal levels in aquatic West direction. This barrage is very important for
environment Alinnor gnd Obiji (2_010)‘ Ahmad and Blt,)l commercial fishing but receives 168 cusecs of effluents
(2010) reported that bioaccumulation studies of metals is from nearly 200 industries and 3136 cusecs of domestic
an index of pollution status of water body and is useful waste water from Lahore City as reported by Atlas (2002)
tool for studying the biological role of metals present at without any treatment. As the contaminated water of river
elevateq levels in aquatic organisms, especially ﬁSh Ravi after leaving Lahore City, reaches Head Balloki
According to Vermeulen and Wepener (1999); me,k where its water gets mixed with contaminated water of
and‘ Zubenk (2000);, Casper et ‘_ll : (2094)’ aquatic River Chenab, the pollution level increases many times.
sed1mepts absgrb persistent and toxic chemicals to leyels Therefore, discharge of untreated industrial and domestic
many times higher than the water column concentration wastewater is a serious threat for aquatic life especially

bt accord{ng to Soares ,et al. (1999)_ anq Unlii et al. fish. The present study was carried out to determine the
(2008) hsedn;:gnts permlt. the .determmatlon of meta;ls concentrations of various trace metals (Fe, Zn, Cu, Cr,
even when their concentrations in water are undetectable. Ni) in sediments, water and fishes collected from river

Al-Khashman (2007); Duran et al. (2007); Shokrollahi et Ravi at Balloki Headworks.
al. (2008); Yetimoglu et al. (2007); Cevik et al. (2008)

and Yildirim et al. (2009) reported that bio-monitoring of

trace elements is very essential to assess ecosystem

health.
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MATERIALS AND METHODS

Thirty soil and water samples, fifteen samples in
winter and summer each (five samples from each of three
sampling site) were collected from river Ravi at Balloki
Headworks. Water samples were collected with the help
of Van Dorn Bottle Sampler and soil samples were
collected with the help of Ekmann Dredge. About 200 ml
of water sample was filtered through 0.45 pm glass fiber
filter and transferred to acid cleaned 250 ml
polypropylene bottle and then acidified with concentrated
nitric acid to pH <2.0. All the sediment samples were
sealed in polyethylene bags embedded in ice during
transportation to the laboratory. They were then air-dried
and passed through a 1 mm size sieve to separate the
stones, leaves, and dead invertebrates. The sediments
were then ground into powder of particle size less than
100 meshes (sieve size = 0.152 mm) using a mortar and a
pestle following Adhikari et al. (2009). Half a gram
tissue samples were taken into digestion tube, 4 ml of
HNO; (Analar grade, BDH) was added to the samples
and left for over night. Samples were heated at 120°C in
heating digester (Behr Labor- Technik Gmb H.D- 40599
Dusseidorf) as reported by Yilmaz et al. (2007) for 1 hr,
cooled, 0.4ml of H,O, (Analar grade, BDH) was added
and placed back in heating digester until colorless as
done by Tan (2005).

Fifty four specimens of Labeo rohita, Cirrhina
mrigala and Catla catla (3 specimen of each fish species
from each sampling site for each season) were collected
from Balloki Headworks (table 1) through random
commercial catches during winter and summer (Fig. 1).
Fish muscles from the dorsal side of the fish, were
removed (with plastic knife), washed with distilled water,
dried in filter paper, homogenized, packed in
polyethylene bags and stored below —20°C until analysis
according to the procedures followed by Tabinda et al.
(2010). Double de-ionized water was used for all aqua
dilutions. HNO;, H,0, were super pure from E. Merck
Darmstadt Germany. All glassware were cleaned by
soaking in dilute HNO; (1/9, v/v) and were rinsed with
de-ionized water before use following Uluozlu et al.
(2007) procedure. Standard solutions of each metal were
prepared by diluting a stock solution of 1g/L of each
metal (E. Merck. One gram of fish tissue sample was
weighed and digested using 6 ml of 65% HNO;, and 2 ml
of 35% H,0,. Each sample was gradually heated on hot
plate until the sample solutions were clear. The
completely digested samples were allowed to cool at
room temperature, filtered, transferred into a 25 ml
volumetric flask and diluted to the mark with double
deionized water as done by Yilmaz et al. (2007). After
filtration, fish samples were analyzed for Fe, Zn, Cr, Cu,
Ni using Perkin-Elmer, AA 400 atomic absorption
spectrophotometer but Cu was analyzed using MHS 10
hydride generator assembly. All elements were
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determined against aqueous standards following the
procedures of Karadede et al. (2004).The data are
presented in pug gflof sample (wet weight). Procedural
blanks and metal standards (water: SRM-143d, National
Institute of Standards and Technology; sediment: CRM-
277, Community Bureau of Reference; fish: DORM-2,
National Research Council) were analyzed after every
five samples to check accuracy and metal recoveries as
done by Yap et al. (2004). Recovery rates ranged from 95
to 99% for all elements were investigated.

All data were subjected to statistical analysis
and correlation matrices were produced to examine the
inter-relationships between the investigated metal
concentrations in sediment, water and fish tissue samples.
T-test was performed to determine the level of
significance among various means.

RESULTS AND DISCUSSION

Results

Concentrations of metals in water, sediments and fish:
The concentrations of Fe, Zn, Cu, Cr, and Ni in water
ranged between 1.490-1.500 mg L™, 0.172-0.173 mg L™,
0.145-0.146 mg L™, 0.071-0.072 mg L™, and 0.040-0.040
mg L™ in winter and 2.000-2.100 mg L™, 0.480-0.480 mg
L, 0.370-.0.371 mg L™, 0.136-0.136 mg L™, and 0.075-
0.078 mg L' in summer respectively (Table I). Order of
the metal concentrations in the water samples was Fe> Zn
>Cu > Cr >Ni.

The concentrations of Fe, Zn, Cu, Cr, and Ni in
sediments ranged between 1849.00-1863.00 mg L,
125.68-133.16 mg L', 38.4-47.93 mg L™, and 48-51.85
mg L', and 23.5-25.21 mg L' in winter season and
1949°00-1973.28 mg L', 138.58-147.20 mg L™, 55.44-
60.13 mg L™, 61.60-67.30 mg L', and 28.99-32.53 mg L~
" in summer season respectively (Table II). The metal
levels of sediments were in order as; Fe> Zn >Cu > Cr
>Ni.

Results on heavy metal concentrations in the
muscle of fish taken seasonally from the Ravi are
summarized in Table III. The concentration of Fe, Zn,
Cu, Cr, and Ni in Cirrhina mrigala ranged as 78.89-90.43
mg L', 58.74-65.47 mg L', 5.94-6.56 mg L™, 1.43-1.49
mg L and 1.33-1.4 mg L in winter and 83.95-109.48
mg L', 69.47-77.86 mg L', 6.60-7.14 mg L™, 1.64-1.92
mg L and 1.86-2.19 mg L in summer respectively. In
Labeo Rohita the concentration of Fe, Zn, Cu, Cr, and Ni
ranged as 64.55-73.19 mg L™, 48.85-57.53 mg L™, 4.34-
539 mg L, 1.10-1.21 mg L™ and 0.69-0.83 mg L in
winter season and 82.99-91 mg L™, 59.33-68.11 mg L™,
6.45-6.84 mg L', 1.53-1.66 mg L™ and 1.79-2.03 mg L'
in summer season respectively. The concentration of Fe,
Zn, Cu, Cr, and Ni in Catla catla ranged as 41.91-53.59
mg L', 29.24-37.74 mg L™, 2.79-3.20 mg L™, 1.06-1.07
mg L and 0.35-0.41 mg L' in winter and 64.38-71.91
mgL", 42.97-50.46 mg L™,
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Table 1 Concentrations of metals (mg L") in water from river Ravi at Balloki Headworks and their comparison with international limits

J. Anim. Plant Sci. 23(1):2013

Water Winter Fe Zn Cu Cr Ni
1.49940.0005 ° 0.172 £0.0005 ° 0.145+0.0005" 0.07140.0006 ° 0.04£0.0°
(1.490-1.500) (0.172-0.173) (0.145-0.146) (0.071-0.072) (0.040-0.040)
Summer 2.060 +0.060 * 0.480+0.000 * 0.370+0.0005* 0.136+0.000 * 0.076+0.001 *
(2.000-2.100) (0.480-0.480) (0.370-.0.371) (0.136-0.136) (0.075-0.078)
International WHO (1993) 0.200 - 2.000 0.010 0.020
values (mg L) EPA (2003) - 3.000 - 0.010 -
Other studies Gediz River in west Anatolia, Turkey' - - 0.034 - -
(concentration mg  Attaturk Dam Lake, Turkey? - - 0.220 - -
L'l) Demirkopru Dam Lake 3 0.025-5.490 0.012-0.370 0.020 0.001-0.044 -
River Ganga, west Bengal® - - - 3.86 +£2.12 -
Balloki Headworks, River Ravi, Pakistan® - - - - 0.012-3.750
1. Uzunoglu (1999); 2 Karadede and Unlii (2000); 3.; Ozturk et al. (2008); 4. Kar et al. (2008); 5. Rauf et al. (2009a)
Different letters (a, b) within the same column of same species indicate significant difference
Table 2 Concentrations of metals (ng g'l) in sediment from Balloki Headworks and their comparison with international limits
Winter Fe Zn Cu Cr Ni
1861.00+£11.14° 128.84+3.87"  43.65¢4.84°  5037+2.07°  24.12+0.95°
Sediment (1849.00-1863.00)  (125.68-133.16)  (38.4-47.93) (48-51.85) (23.5-25.21)
Summer 1958.29+13.10* 143.38£4.55° 58.69+£1.35° 65.03£3.02° 31.15+1.89°
(1949°00-1973.28)  (138.58-147.20)  (55.44-60.13)  (61.60-67.30)  (28.99-32.53)
International values  Dutch Target Limit - 140.00 36.00 100.00 35.00
(mgkg")
Other studies Demirkopru Dam Lake, Gediz River in west Anatolia, Turkey' - - - - 60.50
(concentrationmg ~ Lake Texoma marinas, Red River , USA? - - - - -
kg™" Danube River, Serbia and Montenegro® - 70.00-230.00 11.00-35.00 28.00-54.00 17.00
Almendares River, Cuba® - 86.1-708.8 71.60-420.80 84.40-209.70 16.00-39.00
Mengkabong Lagoon, Sabah, Malaysia® 1434 .00- 1836.00 - - - -
Orogodo River, Agbor, Delta state, Nigeria® 0.01-33.70 - - 151.60 -
Karasu Creek, Nigde, Turkey’ - 0.01-1.67 0.01-3.73 0.01-1.42 -
Absar Dam Lake, Turkey8 22734.00 — - - - 0.01-0.93
Balloki Headworks, River Ravi, Pakistan’ 25268.00 - 3.38-159.79 4.60 - 57.40 -

1. Uzunoglu (1999); 2. An and Kampbell (2003); 3. Milenkovic et al. (2005); 4. Olivares-Rieumont et al. (2005) ; 5. Praveena et al. (2007);
6. Puyate et al . (2007) ; 7. Yalcin ez al. (2007); 8 Ozturk et al. (2009); 9 Rauf et al. (2009b)
Different letters (a, b) within the same column of same species indicate significant difference
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Table 3 Concentrations of metals (ug g'l) in fish species from Balloki Headworks and their comparison with other studies

Fish Species Season Metal Concentration
Fe Zn Cu Cr Ni
Winter 84.32+5.70 ° 61.74+£3.42° 6.24+0.31° 1.46+0.02 ° 1.37£0.04 °
Cirrhina mrigala (78.89-90.43) (58.74-65.47) (5.94-6.56) (1.43-1.49) (1.33-1.4)
Summer 96.53+12.76 * 73.97+4.22 % 6.89+0.27 * 1.78+0.14 * 1.99+£0.1°
(83.95-109.48) (69.47-77.86) (6.60-7.14) (1.64-1.92) (1.86-2.19)
Winter 69.69+4.55° 51.84+4.9° 4.89+0.52 ° 1.16+0.05 ° 0.74+0.07 °
Labeo rohita (64.55-73.19) 48.85-57.53 (4.34-5.39) (1.10-1.21) (0.69-0.83)
Summer 87.17+4.02 % 63.65+£4.39 % 6.62+0.2° 1.61+0.07 * 1.91+0.12°
(82.99-91) (59.33-68.11) (6.45-6.84) (1.53-1.66) (1.79-2.03)
Winter 48.01£5.86° 34.0244.35° 3.02+0.2° 1.07£0.005 ° 0.38+0.03 °
Catla catla (41.91-53.59) (29.24-37.74) (2.79-3.20) (1.06-1.07) (0.35-0.41)
Summer 68.11£3.76 * 46.33£3.80 ° 4.50+0.13 ? 1.62+0.09 * 1.76+0.16 °
(64.38-71.91) (42.97-50.46) (4.41-4.64) (1.53-1.72) (1.62-1.94)
International limits Canadian Food Standard ( Papagiannis et al. 2004) - 100 100 - -
(mg kg™ USEPA (2000) - - - 0.491 1.00
Oth Other studies Freshwater Reservoirs, Indus River, Pakistan' 0.620 2.670 0.589 0.930 0.155
(concentration mg pug Rawal Lake, Pakistan - - - 1.53- -
g'ug Manila Bay, Philippines® - 39-124 1.11-5.45 - -
Sir Dam Lake, Kahramanmaras, Turkey* 0.99 (nd -2.87) - - - 0.787(nd -1.93)
Portugal® 6.4-16 14-22 0.9-1.4 0.66-1.3 0.11-0.25
Ponds, Tamilnadu, India® - - - 1.083+0.21 0.63+0.015
Avsar Dam Lake, Turkey’ 16.55+6.99 - 3.85+2.1 1.18+0.73 1.27+£1.18
Kayseri, Tukey® - 19.59-79.71 nd -1.67 nd -1.94 nd-16.07
river Ravi, Pakistan’ - 19.00-79.00 - 1.48+0.51 -
Keti Bunder, Thatta, Pakistan'® 0.247+0.002 1.490+ 0.109 0.001+ 0.001 0.209+ 0.003 0.149+ 0.002
aricay stream turkey' ' (0.223-0.249) (1..345-1.612) (0.000-0.003) (0.191-0.213) (0.138-0.152)
Alexandria Region, Egypt' 4.24-172 6.3-28.55 - - Nd
Sicily , Italy/" - 16.50-40.50 6.9-15.4 - -
0.13-5.20 0.63

1. Ashraf et al. (1991); 2 Ashraf et al. (1992); 3. Prudent et al. (1997); 4. Erdogrul and Erbilir (2007) ; 5 Carvalho et al.

(2009); 8 Yildrim et al (2009); 9 Rauf et al. (2009b); 10 Tabinda et al. (2010); 11 Yilmaz (2007); 12 Nabwi et al (1987); 13 Licata et al (2005)
Different letters (a, b) within the same column of same species indicate significant difference
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4.41-4.64 mg L', 1.53-1.72 mg L™ and 1.62-1.94 mg L
during summer respectively. Metal accumulation in three
species of Indian major carp at Balloki Headworks during
winter and summer followed the order Fe> Zn> Cu> Cr>
Ni (except Ni in three species during summer). Highest
concentrations of all the metals were detected in Cirrhina
mrigala whereas Catla catla showed lowest accumulation
among the three species analysed.

Table 4 Correlation analysis for fish

Fe Zn Cu Cr Ni

Zn 0.984

Cu 0.981 0.964

Cr 0.665  0.581 0.582

Ni 0.708  0.622  0.659  0.964

Table 5 Correlation analysis for water

Fe Zn Cu Cr Ni

Zn 0.986

Cu 0.986 1.00

Cr 0.986 1.00 1.00

Ni 0987 0998  0.998 1.00

Table 6 Correlation analysis for sediment

Fe Zn Cu Cr Ni

Zn 0.818

Cu 0.926  0.855

Cr 0.933 0.955 0.899

Ni 0927 0.699  0.899  0.790

Balloki Headworks %g_‘

Flg. 1 Map of the study area.
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DISCUSSION

The concentration of iron in water of river Ravi
at Balloki Headworks during winter season was 7.4 times
higher but during summer 10.3 times in excess than the
WHO standard of 0.2 mg/L. Zinc concentration during
winter and summer seasons was within the EPA
permissible standard of 3.0 mg/L. Similarly copper
concentration during both the seasons was well below the
WHO limit of 2.0 mg/L. But chromium value was 7.0
times higher during winter season while 13.6 times in
excess during summer season as compared to EPA
standard of 0.010 mg/L. Nickel concentration during
winter was twice while during summer 3.8 times higher
than WHO limit of 0.020 mg/L. Comparison of metals
concentrations detected during present studies and their
values found in literature for other rivers is presented in
Table I. Range of nickel in water of river Ravi at Balloki
Headworks found during present studies during both
winter and summer seasons was very low than it’s value
reported by Rauf et al. (2009). According to them the
main sources of pollution in River Ravi are municipal
sewage, scientific laboratories, paper and pulp industries,
steel factories and electroplating workshops (Rauf et al.
2009).

In sediments metals concentrations during
summer season were higher as compared to winter
season. Akin and Unlu (2007); Kassim et al. (1997); Rauf
et al. (2009) reported similar results. Zinc concentration
in sediments during winter was within the Dutch
permissible limit and in summer almost similar to the
Dutch limit of 140ug/g. Copper concentration in
sediments was about 1.2 times higher during winter and
1.6 times in excess as compared to the Dutch standard of
36pug/g. The chromium and nickel concentration in
sediments during both winter and summer seasons was
within the Dutch permissible limits of 100ug/g and
35ug/g respectively. Sediments accumulate the metals
from water so high amount of metals were recorded in
sediments as compared to water and fish tissue (Akin and
Unluy, 2007).

Concentration of iron in tissue of all fish species
analysed was higher in summer season as compared to
winter season. The concentration of zinc and copper in
tissues of all fish species analysed during both seasons
was within the Canadian permissible standard of
100pg/g. The concentration of chromium in Cirrhina
mrigala was 3.5 and 4.2, in Labeo rohita 2.3 and 3.2
times, in Catla catla 2.1 and 3.2 times higher in winter
and summer seasons than the USEPA permissible limit of
0.491pg/g. Nickel concentration in muscle of Cirrhina
mrigala was approximately 1.4 and 1.9 times higher, in
Labeo rohita below and 1.9 times higher, in Catla catla
below and 1.7 times higher during summer and winter as
compared to USEPA standard of 1.0pg/g. Presence of
metal concentration in fish tissue may be due to their
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contact with water and sediments contaminated with
these metals. Rauf et al. (2009) reported that
contaminated sediments also introduce heavy metals in
the above lying column. Highest concentration of all
metals was detected in tissues of Cirrhina mrigala
followed by Labeo rohita and Catla catla. Muscle of
Cirrhina mrigala was more contaminated among the
three species analysed. According to Zoumis et al. (2001)
sediments are sinks for the heavy metals, pesticides and
aquatic species are directly exposed to these chemicals
through contact with sediments. The release of metals
from sediments to the water and fish in aquatic habitat is
dependent upon chemical characteristics of water,
solubilization, absorption, precipitation and complexation
behavior of metals (Javed, 2003). It may be due to the
fact that Cirrhina mrigala it is a bottom dweller and its
contact with sediments is high. Labeo rohita and Catla
catla has less metals concentrations as compared to
Cirrhina mrigala as Labeo rohita is a mid water column
dweller and Catla catla is a upper water column dweller
as they are in less or no contact with contaminated
sediments. However, some metals concentrations were
found in their tissues because metals are re-suspended in
the water column by the bottom dwelling fish.

Inter-elemental correlation analysis: From the
correlation of sediment (Table 5), Fe is highly correlated
with Cu, Cr and Ni but Cr is highly correlated with Zn.
Cu has significant correlation with Zn, Cr and Ni; Fe has
significant correlation with Zn but relationship of Ni is
positive with Zn and Cr. Other relationships are not
significant. Correlation of water (Table 6) indicates that
Zn is highly correlated with Cu and Cr; Cu is highly
correlated with Cr and Ni; Ni is highly correlated with Cr
and Zn; Fe is positively correlated with Zn, Cu, Cr and
Ni. Other relationships are not significant. Correlation of
fish (Table 7) indicates that Fe is strongly correlated with
Zn; Cu is strongly correlated with Fe and Zn. Other
relationships are not significant.

Relationship of sediment and water (Fig. 2a-2¢)
indicates positive correlation between log n Fe in
sediment and Fe in water; log n Zn in sediment and Zn in
water; log n Cu in sediment and Cu in water, but negative
correlation between log n Cr in sediment and Cr in water;
log n Ni in sediment and Ni in water.

Relationship of water and fish (Fig. 3a-3e)
indicates non-significant or negative relationships.
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